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It	will	remain	until	the	management	of	this	issue	globally;	for	example,	studies	cited	the	out-of-pocket	cost	in	the	United	States,	Canada,	Europe,	Australia,	and	South	Africa.	Many	countries	also	develop	guidelines	at	the	national	level.	Still,	a	further	delay	of	the	procurement	process	beyond	the	bid	validity	period	leads	to	increased	costs	for	bidders	at
quoted	rates,	worsening	the	situation	(Herath	et	al.,	2011).	Medicine	Shortages:	From	Assumption	to	Evidence	to	Action-A	Proposal	for	Using	the	FMD	Data	Repositories	for	Shortages	Monitoring.	doi:10.1186/s12992-016-0168-6PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarSeunanden,	T.,	and	Day,	C.	The	quality	of	a	drug	is	vital	for	its
optimum	efficacy,	and	it	can	compromise	during	its	manufacturing,	storage,	transportation,	and	until	the	time	of	administration.	Similarly,	a	study	found	that	off-label	medicines	for	cancer	patients	could	only	use	when	there	is	no	other	option	to	treat	them	(Valgus	et	al.,	2013;	Frattarelli	et	al.,	2014).6)	Wastage	management.	doi:10.1007/s11096-016-
0342-1CrossRef	Full	Text	|	Google	ScholarThoma,	B.	doi:10.2471/BLT.11.101303CrossRef	Full	Text	|	Google	ScholarGriffith,	M.	For	example,	the	delayed	procurement	process	was	involved	in	the	antimalarial	drug	stock-out	in	Kenya	(Malik	et	al.,	2013).Logistic	IssuesLogistic	issues,	including	transportation	issues	and	drug	supply	chain	management
incompetency,	are	the	causes	of	drug	shortages.	doi:10.1136/bmjopen-2018-027028PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarAyati,	N.,	Saiyarsarai,	P.,	and	Nikfar,	S.	Procurement	Monitoring	and	Coordination	through	Information	Technology	to	Overcome	Drug	Shortage	in	the	Health	Sector.	33,	1498–1504.	S.	(2020c).	21,	704–711.
Cancer	Medicines	Shortages	in	Europe:	Policy	Recommendations	to	Prevent	and	Manage	Shortages.	Sometimes,	different	companies	combine	their	manufacturing	plants	for	common	drugs	to	minimize	costs	and	gain	significant	benefits.	Acute	shortage	of	antimalarial	drugs	(Artemether	(P01BE02)/Lumefantrine	(P01BF01)	was	found	in	Kenya,	Sub-
Saharan	Africa,	and	Uganda	due	to	the	delayed	procurement	process	which	led	to	an	increased	mortality	rate	(Malik	et	al.,	2013).	Ann.	11,	357.	Some	researchers	also	suggest	an	upgrading	of	DSP	by	focusing	on	all	types	of	drugs.	Ir	J.	In	2012,	Gray	and	Manasse	found	that	21	countries	were	affected	by	drug	shortages	(Russell	et	al.,	2017),	and	the
recent	data	of	the	University	of	Utah	Drug	Information	Services	reported	129	medicine	shortages	in	the	United	States	in	2020,	as	shown	in	Figure	1	(American	Society	of	Health	System	Pharmacists,	2020,	june	30).Drug	shortage	has	prevailed	throughout	the	globe	affecting	high,	middle,	and	low-income	countries.	Google	ScholarMiljković,	N.,
Godman,	B.,	Van	Overbeeke,	E.,	Kovačević,	M.,	Tsiakitzis,	K.,	Apatsidou,	A.,	et	al.	doi:10.2146/ajhp180441CrossRef	Full	Text	|	Google	ScholarFox,	E.	The	shortage	of	antimalarial	drugs	was	seen	in	many	low	and	middle-income	countries.	Physicians	have	to	choose	patients	for	receiving	limited	available	drugs	or	are	forced	to	select	alternative	therapy
(Russell	et	al.,	2017).	Pharmacoeconomics	35,	1271–1285.	Good	communication	and	transparency	among	stakeholders	with	an	adequate	reporting	system	are	required	to	achieve	an	efficient	and	equitable	redistribution	of	the	available	quantity	of	shortage	drugs	(Fox	et	al.,	2014;	Schwartzberg	et	al.,	2017).5)	Development	of	the	medical	expert
platform.	Comparatively,	the	EU’s	definition	of	shortage	makes	the	international	comparison	feasible.	Many	organizations	from	the	developed	countries	are	providing	such	kinds	of	information	on	their	websites,	such	as	the	Drug	Shortage	Program	(DSP),	American	Society	of	Health-System	Pharmacists	(ASHP),	Texas	Medical	Board,	and	European
Association	of	Hospital	Pharmacists	(EAHP)	(Dill	and	Ahn,	2014;	Mazer-Amirshahi	et	al.,	2014).With	the	help	of	health	professionals,	especially	pharmacists,	developing	countries’	regulatory	authorities	can	play	their	role	in	educating	other	professionals	and	giving	awareness	to	the	public	(Caulder	et	al.,	2015).	30,	180–185.	Eur.	doi:10.5863/1551-
6776-20.6.453PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarJackson,	G.,	Patel,	S.,	and	Khan,	S.	Adrenaline	has	repeatedly	been	reported	in	short	supply	by	Therapeutic	Goods	Administration	Australia	(2014,	2020)	caused	by	commercial	changes	and	unexpectedly	increased	demand-effected	critical	patients	(Organization,	2016).	Ther.	Can.	In
developed	countries,	due	to	policies,	guidelines,	associations,	and	platforms,	the	problem	has	been	managed	to	some	extent,	so	the	level	of	impact	is	not	so	high	but	still	alarming.	Research	studies	in	these	countries	found	a	need	for	government	strategies	to	build	research	information	platforms	(Yang	et	al.,	2016)	to	mitigate	this	issue	(Walker	et	al.,
2017;	Atif	et	al.,	2019).	doi:10.1371/journal.pone.0119322PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarPerumal-Pillay,	V.	Business	Res.	doi:10.4269/ajtmh.2009.80.737CrossRef	Full	Text	|	Google	ScholarKhan,	F.	36,	740.	(Phuong	et	al.,	2019).	Clinical	Dilemmas	and	a	Review	of	Strategies	to	Manage	Drug	Shortages.	doi:10.1007/978-3-030-
15398-4_1CrossRef	Full	Text	|	Google	ScholarJia,	J.,	and	Zhao,	H.	Infect.	Res.	For	some	critical	medicines,	their	shortage	will	result	in	the	cancellation	of	surgery.	V.,	Bernhardt,	M.	The	absence	of	industrial	plants	and	other	facilities	maintenance	leads	to	inefficiency,	less	production	capability,	and	ultimately	drug	shortages.	Drug	Shortage
Compounding:	the	Only	Safe	Medication	Source	in	a	Time	of	Crisis.	H.,	Bolon,	M.	K.,	and	Hill,	C.	How	Do	Community	Pharmacies	in	Ontario	Manage	Drug	Shortage	Problems?	The	incentive	pricing	mechanism	is	needed	to	spur	more	manufactures	to	produce	these	medicines	(Alspach,	2012;	Panzitta	et	al.,	2017).4)	Improved	quality	system.	The	low
market	price	is	the	leading	cause	of	generics	shortages.	Global	Drug	Shortages	Due	to	COVID-19:	Impact	on	Patient	Care	and	Mitigation	Strategies.	Reconstr.	T.,	Chaplin,	B.,	Idoko,	J.,	Agbaji,	O.,	Akanmu,	S.,	Imade,	G.,	et	al.	Diabetes	Res.	The	Strategic	Relevance	of	Manufacturing	Technology:	An	Overall	Quality	Concept	to	Promote	Innovation
Preventing	Drug	Shortage.	Short	and	Long	Term	Impacts	of	COVID-19	on	the	Pharmaceutical	Sector.	The	hospitals	have	to	put	extra	costs	to	manage	the	shortage,	such	as	purchasing	costly	brands,	excess	inventories,	and	awareness	programs	to	deliver	staff	knowledge.	(2015).	For	example,	Oseltamivir	shortage	occurred	when	seasonal	influenza
attacks	(Mazer-Amirshahi	et	al.,	2014).Tendering	SystemTendering	system	caused	drug	shortages	in	the	United	States	and	EU.	S.,	Bero,	L.,	et	al.	A.,	Koolen,	P.	K.-H.,	Dexter,	F.,	Logvinov,	I.,	Tankosic,	N.,	Ramakrishna,	H.,	and	Brull,	S.	O.,	and	Esterly,	J.	Moreover,	in	low	and	middle-income	countries,	irrational	use	of	medicines,	lack	of	patients’
education,	and	prescription	adherence	lead	to	medication	wastage,	compromised	outcomes,	and	increased	demand	(Walker	et	al.,	2017).	M.	65,	613–618.	doi:10.1001/jamaoncol.2019.0062PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarHayes,	M.	Middle-income	countries	like	Iran	(Setayesh	and	Mackey,	2016),	Iraq	(Acosta	et	al.,	2019),	Jardon
(Zu’bi	and	Abdallah,	2016),	Egypt	(Abdelrahman	et	al.,	2016),	China	(Acosta	et	al.,	2019)	used	definitions	of	United	States	FDA,	ASHP,	and	FIP	in	their	research	studies.	Increased	marketing	of	particular	medicines	for	rare	diseases	with	more	incredible	physicians’	benefits	leads	to	a	significant	supply	and	demand	gap	(Hedman,	2016).An
unpredictable	increase	in	demand	may	occur	due	to	an	outbreak,	natural	disaster,	fire,	or	other	accident.	(2019b).	Sci.	It	should	focus	on	national	pedigree	laws	that	will	automatically	restrict	pharmaceutical	product	distribution	to	licensed	distributors,	as	seen	in	the	EU	through	catalogue	development	(Gu	et	al.,	2011)	and	price	gouging	(Gu	et	al.,
2011;	Zu’bi	and	Abdallah,	2016;	Nematollahi	et	al.,	2018;	Jia	and	Zhao,	2019),	along	with	penalties	for	those	who	will	violate	the	policies	(Gu	et	al.,	2011;	Dill	and	Ahn,	2014;	Schwartzberg	et	al.,	2017).	The	French	Reporting	System	for	Drug	Shortages:	Description	and	Trends	from	2012	to	2018:	an	Observational	Retrospective	Study.	V.,	Beekmann,
S.	Essential	Medicines	Are	More	Available	Than	Other	Medicines	Around	the	globe.	A.,	and	Suleman,	F.	However,	essential	medicines	(Hedman,	2016)	and	emergency	medicines	(Dill	and	Ahn,	2014;	Mazer-Amirshahi	et	al.,	2014;	Alsirafy	and	Farag,	2016;	Fox	and	McLaughlin,	2018;	Benge	and	Burka,	2019)	are	more	liable	to	shortage	than	other
medicines.	184,	435–440.	R.,	Brill,	G.,	and	Kesselheim,	A.	The	Extent	and	Impact	of	TB	Drug	Stock-Outs.	doi:10.1186/s13054-020-02971-xPubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarSouliotis,	K.,	Papageorgiou,	M.,	Politi,	A.,	Ioakeimidis,	D.,	and	Sidiropoulos,	P.	Off-label	Use	of	Drugs	in	Children.	In	high-income	countries,	the	drug	shortage
has	been	in	excessive	focus	compared	to	other	regions.	72,	7.	doi:10.1001/jama.2017.2841PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarVentola,	C.	doi:10.1145/2971603.2971616CrossRef	Full	Text	|	Google	ScholarZiesenitz,	V.	Reasons	of	drugs	in	shortages	in	2012	reported	by	University	of	Utah	Drug	Information	Services	(UUDIS)	(Dill	and
Ahn,	2014).FIGURE	4.	Association	between	US	Norepinephrine	Shortage	and	Mortality	Among	Patients	with	Septic	Shock.	Addressing	the	Global	Shortages	of	Medicines,	and	the	Safety	and	Accessibility	of	Children’s	Medication–Eb138/41.	doi:10.1016/j.pharma.2018.11.007CrossRef	Full	Text	|	Google	ScholarVisage,	R.,	Kaiser,	N.,	Williams,	M.,	and
Kim,	A.	10.1017/ice.2016.289.PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarHughes,	K.	Hosp.	Technical	Definitions	of	Shortages	and	Stockouts	of	Medicines	and	Vaccines.	Studies	done	in	Finland,	Saudi	Arabia,	Canada,	and	the	EU	mentioned	manufacturing	issues,	the	most	promising	ones	(Alsheikh	et	al.,	2016;	Heiskanen	et	al.,	2017;	Unit,
2017;	Videau	et	al.,	2019b).	In	the	United	States,	67%	of	drug	shortages	were	due	to	quality	issues	in	2012,	and	the	trend	was	found	the	same	in	2013	(Gray	and	Manasse,	2012;	Mazer-Amirshahi	et	al.,	2014;	Alsheikh	et	al.,	2016).	S.,	Postelnick,	M.	A	reporting	and	tracking	system	can	report	all	related	aspects	of	a	drug	shortage,	including	its	period,
drugs	involved,	frequency,	duration,	causes,	impacts,	managing	strategies,	and	predict	future	shortages.	These	events	also	included	the	lack	of	implementation	of	essential	drug	lists	that	led	to	the	disruption	of	supply	chain	management	in	multiple	ways	(Malik	et	al.,	2013).	On	the	other	hand,	most	institutions	in	LMICs	have	their	strategies,	but	the
government	introduces	no	policies	to	tackle	the	vast	impacts	(Hayes	et	al.,	2014;	Pauwels	et	al.,	2014;	Perumal-Pillay	and	Suleman,	2017;	Lukmanji	et	al.,	2018;	Phuong	et	al.,	2019).Economic	ImpactsDrug	shortages	usually	result	in	an	extra	cost	or	budget	for	different	stakeholders,	especially	patients,	at	all	economic	levels.	doi:10.1186/s13584-017-
0140-9CrossRef	Full	Text	|	Google	ScholarSchweitzer,	S.	Drug	Tendering:	Drug	Supply	and	Shortage	Implications	for	the	Uptake	of	Biosimilars.	International	and	national	organizations,	including	the	World	Health	Organization	(WHO),	the	International	Pharmaceutical	Federation	(FIP),	American	Society	of	Health-System	Pharmacist	(ASHP),	and	the
European	Association	of	Hospital	Pharmacists	(EAHP),	are	involved	a	lot	in	taking	initiatives,	providing	information	and	guidelines	to	mitigate	the	drug	shortage	situation	as	shown	in	Figure	3	(Fda,	2013).	Medicine	Shortages	in	Fiji:	A	Qualitative	Exploration	of	Stakeholders’	Views.	T.,	Tang,	S.	M.,	Skoglund,	E.,	Esterly,	J.	This	could	be	due	to	the
increased	research	studies	that	highlighted	the	issue.	How	the	US	Food	and	Drug	Administration	Can	Solve	the	Prescription	Drug	Shortage	Problem.	On	the	other	hand,	a	study	of	EU	in	2014	found	that	CNS	drugs	were	most	short,	followed	by	anti-infective	drugs,	cardiovascular	drugs,	antineoplastic/immunomodulatory	agents,	and	GIT	drugs
(Pauwels	et	al.,	2014),	but	the	EAHP	survey	in	2019	found	that	antimicrobial	agents	were	on	the	top	with	oncology	medicines	second,	followed	by	anaesthetic	agents	The	shortage	of	oncology	medicines	increased	in	comparison	to	the	data	from	2018	EAHP	survey	(Miljković	et	al.,	2020a).In	middle-income	and	low-income	countries,	literature	found
shortages	of	essential	medicines.	S.,	Gupta,	V.,	Tabak,	Y.	Front.	And	it	needs	a	uniform	scale	to	apply	it	at	the	international	level,	cover	all	stakeholders,	and	overcome	humanistic,	economic,	and	clinical	impacts.	For	this	purpose,	governmental	policies	should	involve	more	trained	professionals	and	other	medical	experts	for	better	procurement,	stock
evaluation,	logistics,	and	mitigation	plans	for	drug	shortages	(Bazargani	et	al.,	2014;	Hedman,	2016),	as	found	in	France	(Dranitsaris	et	al.,	2017).	pharmaceutics	579,	119171.	73,	1094–1098.	Drug	Shortages	in	European	Countries:	a	Trade-Off	between	Market	Attractiveness	and	Cost	Containment?.	Fed.	Surg.
doi:10.1080/20479700.2020.1801162CrossRef	Full	Text	|	Google	ScholarDave,	C.	doi:10.1371/journal.pone.0165183PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarYellapu,	V.,	Malik,	Q.	Soc.	a.	Adopting	a	robust	system	will	portray	a	better,	viable,	and	fair	picture	of	the	whole	chain	to	manage	drug	distribution	and	drug	shortage	(Alazmi	and
AlRashidi,	2019).The	pandemic	warned	the	medicines	supply	chain	globally.	Prev.	Impact	of	Drug	Shortages	on	U.S.	Health	Systems.	“The	European	Medicines	Shortages	Research	Network	and	its	mission	to	Strategically	Debug	Disrupted	Pharmaceutical	Supply	Chains,”	in	Pharmaceutical	Supply	Chains-Medicines	Shortages	(Springer),	1–22.
Currently,	the	United	States	FDA	shortage	drug	list	still	includes	Ketoprefen	(M01AE03)	(Administration	USF.A.D,	2020).	doi:10.1016/j.jcrc.2017.06.005CrossRef	Full	Text	|	Google	ScholarMazer-Amirshahi,	M.,	Pourmand,	A.,	Singer,	S.,	Pines,	J.	There	is	a	need	for	special	training	and	knowledge	in	treating	pediatric	patients,	especially	neonates
(Ziesenitz	et	al.,	2019).	B.,	Berg,	S.	C.,	Fox,	E.,	Zocchi,	M.,	Samiee-Zafarghandy,	S.,	van	den	Anker,	J.	Drug	shortage	also	increased	online	purchasing	of	counterfeit	products	in	middle-income	countries	(Yin	et	al.,	2016;	Huang	and	Xu,	2017).Humanistic	ImpactsThe	consequences	of	treatment	or	disease	on	patient	quality	of	life	(QOL)	are	humanistic
outcomes,	e.g.,	patient	satisfaction	with	treatment	outcomes	and	hospital	services.Drug	shortages	resulted	in	varied	humanistic	impacts	on	patients,	and	health-care	professionals	noticed	many	types	of	research	in	developed	countries	(Dill	and	Ahn,	2014)	and	developing	countries.	Ten	Recommendations	to	Improve	Pharmacy	Practice	in	Low	and
Middle-Income	Countries	(LMICs).	To	utilize	the	leftover	drug	in	vials,	United	States	hospitals’	oncology	departments	schedule	their	chemotherapy	by	clustering	the	patients	on	a	specific	date.	G.,	Rádics,	V.,	and	Botz,	L.	N.,	Snow,	R.	doi:10.1001/jamapediatrics.2019.0070PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarUnit,	E.	Antimicrobial
agents	are	the	most	affected	class	by	drug	shortage	(Mazer-Amirshahi	et	al.,	2017),	along	with	oncology	drugs	(both	chemotherapeutic	(D06B/D06C/D06BX)	and	non-chemotherapeutic	drugs)	(Woodcock	and	Wosinska,	2013;	Costelloe	et	al.,	2015).	ASHP	Guidelines	on	Managing	Drug	Product	Shortages.	53,	5078–5105.	Some	medicines	have	a	higher
risk	of	shortage,	such	as	injectables	and	generics.	(INFORMATIKA	ES	MENEDZSMENT	AZ	EGÉ	SZSÉ	GU	GYBEN)	15,	42–46.	Different	countries	or	areas	encounter	different	drugs	in	shortage	depending	upon	health	conditions	(Mazer-Amirshahi	et	al.,	2014;	Rinaldi	et	al.,	2017).	doi:10.1310/hpj5105-370PubMed	Abstract	|	CrossRef	Full	Text	|	Google
ScholarAlspach,	J.	Studies	estimated	$200	million	in	purchasing	expensive	alternatives	(“Drug	Shortage	Cost	United	States	Care	Providers”	2011)	accompanied	by	additional	labor	costs	of	$359	million	(Kacik	2019)	in	United	States	hospitals	due	to	drug	shortage	annually	(Fox	and	Tyler,	2013;	Dill	and	Ahn,	2014;	Fox	et	al.,	2014;	Mazer-Amirshahi	et
al.,	2014;	Costelloe	et	al.,	2015;	Hughes	et	al.,	2015;	Food	and	Administration,	2019;	Phuong	et	al.,	2019).	Addressing	the	Impact	of	Economic	Sanctions	on	Iranian	Drug	Shortages	in	the	Joint	Comprehensive	Plan	of	Action:	Promoting	Access	to	Medicines	and	Health	Diplomacy.	Availability	of	HIV	Services	along	the	Continuum	of	HIV	Testing,	Care
and	Treatment	in	Ghana.	A	study	conducted	in	Europe	and	Israel	stated	that	the	respective	authority	usually	gets	notification	two	months	before	shortage	(Miljković	et	al.,	2020b).	60,	245–253.	Effective	Antibiotic	Conservation	by	Emergency	Antimicrobial	Stewardship	during	a	Drug	Shortage.	Still,	their	compromised	roles	lead	to	many	problems,
including	drug	shortage.	For	example,	the	United	States	started	to	resume	home	production	and	stop	trading	with	other	countries.	Publishing	Group	27.	Such	disasters,	in	return,	could	cease	manufacturing	(Dill	and	Ahn,	2014).The	demands	of	some	medicines	depend	upon	seasons.	Isotope	Soc.	R.,	and	Tyler,	L.	B.,	Hua,	M.,	Walkey,	A.
doi:10.1016/j.jclinane.2019.109668CrossRef	Full	Text	|	Google	ScholarTan,	V.	R.,	and	Mclaughlin,	M.	It	created	gaps	to	judge	the	severity	of	the	problem	and	diminished	the	mitigation	strategies	(Kaakeh	et	al.,	2011;	Klobuchar,	2011).Impact	of	Drug	ShortageThe	drug	shortage	affects	all	stakeholders,	especially	patients/consumers,	in	economic,
clinical,	or	humanistic	aspects	(Dill	and	Ahn,	2014;	Phuong	et	al.,	2019).	The	high-income	countries	have	adopted	the	Beveridge	Model	(Spain,	New	Zealand,	Cuba,	Hong	Kong),	Bismarck	Model	(Germany	France,	Belgium,	Netherlands,	Latin	America),	and	National	Health	Insurance	Model	(Canada,	South	Korea,	Taiwan),	where	patients	are	relieved
from	the	out-of-pocket	costs.	Comparing	the	Outcomes	of	Different	Agents	to	Treat	Vasospasm	at	Microsurgical	Anastomosis	during	the	Papaverine	Shortage.	Am.	Health	Drug	benefits	7,	264.PubMed	AbstractGoogle	ScholarHedlund,	N.	Medication	Exchange	and	Sharing	Network	Program	(MESNP)	Initiative	to	Cope	with	Drug	Shortages	in	the
Kingdom	of	Saudi	Arabia	(KSA).	Pharm.	In	the	United	States	and	European	countries,	extensive	work	has	been	done	to	implement	policies	for	drug	shortages	mitigation,	but	there	is	an	extensive	research	gap	in	the	rest	of	the	world	and	policies	(Acosta	et	al.,	2019).Different	strategies	are	proposed	in	most	of	the	high-income	and	some	middle-income
countries	to	cope	with	drug	shortages.	Clean.	K.,	and	Botz,	L.	More	seriously,	the	shortage	of	some	medicines	may	lead	to	higher	mortality.	A.,	Beauregard,	Y.,	and	Elarroudi,	K.	Good	Manufacturing	Practice	(GMP)	violation	can	also	be	classified	as	a	quality	issue,	as	those	violations	may	cause	quality	defects,	and	ultimately	shortages	(Dill	and	Ahn,
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et	al.,	2020;	Roehr,	2020);	however,	it	also	increases	the	risk	of	medicine	shortages	in	countries	without	pharmaceutical	manufacturing.2)	Advance	notification	system.	They	have	to	put	extra	effort	and	time	into	managing	the	shortages.	D.,	and	Moles,	R.	In	low-income	countries,	literature	cited	medicines	used	for	TB,	Malaria,	and	HIV	due	to	the
increased	incidence	of	these	diseases	and	the	unavailability	of	essential	drugs	rather	than	drug	shortages	or	stock-out.	E.,	Sutton,	S.	Such	a	system	should	be	present	at	every	institution	(Giammona	et	al.,	2020)	as	done	by	the	Drug	Shortage	Program	(DSP)	developed	by	the	FDA	in	1990	(Dill	and	Ahn,	2014;	Said	et	al.,	2018)	and	Texas	Medical	Board
(Mazer-Amirshahi	et	al.,	2014).	P.,	Press,	C.,	Lau,	K.,	Sliwa,	J.,	Rao,	V.	Some	authorities	evaluate	drug	shortages	and	deliver	guidelines	directly	to	health	stakeholders	(Ferrario	et	al.,	2017;	Bochenek	et	al.,	2018),	while	some	hospitals	purchase	extra	inventory	as	a	buffer	stock	to	prevent	shortages	(Fox	et	al.,	2014).	Prediction	of	Inventory
Sustainability	during	a	Drug	Shortage.	Administrative	Pharm.	14,	58.	F.	Data	from	low	and	middle-income	countries	is	not	enough	to	compare	them	with	high-income	countries.	Table	1	shows	the	medicines	affected	by	shortages	in	different	countries	(Elbagir	et	al.,	1995;	Kangwana	et	al.,	2009;	Tren	et	al.,	2009;	Ballinger,	2010;	Ventola,	2011;	Griffith
et	al.,	2012;	Liang	and	Mackey,	2012;	Malik	et	al.,	2013;	Quilty,	2014;	Ricci	et	al.,	2016;	Donohue	and	Angus,	2017;	Gross	et	al.,	2017;	Hsueh	et	al.,	2017;	Meloni	et	al.,	2017;	Tan	et	al.,	2017;	Vail	et	al.,	2017;	Banerjee	et	al.,	2018;	Dave	et	al.,	2018;	Gundlapalli	et	al.,	2018;	Holcombe	et	al.,	2018;	Said	et	al.,	2018;	Benge	and	Burka,	2019;	Visage	et	al.,
2019;	Yellapu	et	al.,	2019;	Benhabib	et	al.,	2020;	Choo	and	Rajkumar,	2020;	Clark	et	al.,	2020;	Honda	et	al.,	2020;	Siow	et	al.,	2020;	Sun	et	al.,	2020;	Mclaughlin	et	al.,	2017;	Dave	et	al.,	2018).TABLE	1.	Low-income	countries	have	few	research	studies	and	lack	policies	to	deal	with	this	event.	A	challenge	for	Healthcare	but	Just	Another	Opportunity
for	Illegitimate	Online	Sellers:	Dubious	Market	of	Shortage	Oncology	Drugs.	(2020b).	Google	ScholarHeiskanen,	K.,	Ahonen,	R.,	Kanerva,	R.,	Karttunen,	P.,	and	Timonen,	J.	doi:10.1111/acem.12389PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarMclaughlin,	M.,	Kotis,	D.,	Thomson,	K.,	Harrison,	M.,	Fennessy,	G.,	Postelnick,	M.,	et	al.	28,	2716–
2718.	Parents’	and	Guardians’	Perceptions	on	Availability	and	Pricing	of	Medicines	and	Healthcare	for	Children	in	eThekwini,	South	Africa–a	Qualitative	Study.	A	study	performed	in	Pakistan	found	that	pharmaceutical	companies’	unethical	marketing	of	Artemether/Lumefantrine	resulted	in	stock-out	of	Sulphadoxine/Pyrimethamine	(Fansidar)	and
Chloroquine	(Malik	et	al.,	2013).	Alfuzosin	replaced	Tamsulosin	which	was	in	short	supply,	but	Alfuzosin	increases	QT	interval	(Hsia	et	al.,	2015;	Shaban	et	al.,	2018).	M.,	Lee,	B.	doi:10.1016/j.ijpharm.2020.119171CrossRef	Full	Text	|	Google	ScholarNematollahi,	M.,	Hosseini-Motlagh,	S.-M.,	Ignatius,	J.,	Goh,	M.,	and	Saghafi	Nia,	M.	Rheumatol.	Br.
Med.	Drug	Shortage	Impacts	Patient	Receipt	of	Induction	Treatment.	71	(7),	1783–1789.	Stock-out	of	antiretroviral	drugs	(ART)	occurred	many	times	in	African	countries	(Meloni	et	al.,	2017).	M.,	Gross,	A.	Hungarian	Interdiscip.	Such	modelling	methods	prioritize	patients	with	restorative	therapy,	pediatrics	patients,	cancer	patients	with	no
alternative	available,	patients	in	clinical	trials,	and	patients	on	treatment	regimens	with	authentic	survival	benefits	(Valgus	et	al.,	2013).	The	drug	shortages	rising	through	recalls	due	to	compromised	quality	can	be	prevented	through	quality	assurance	and	quality	control	departments	(Mazer-Amirshahi	et	al.,	2014;	Said	et	al.,	2018).	A.,	et	al.	(2018).
The	United	States	FDA	has	adopted	the	strategy,	and	they	allowed	the	use	of	medicines	with	improper	packaging,	labelling	defects,	glass	particles	in	an	injectable	(filter	before	use),	and	non-registered	drugs	after	risk	evaluation	or	proper	handling	to	overcome	the	shortage	(Mazer-Amirshahi	et	al.,	2014).3)	Increase	of	expiry	date.	On	the	supply-side,
a	shortage	occurs	“when	the	supply	of	medicines,	health	products,	and	vaccines	identified	as	essential	by	the	health	system	is	considered	to	be	insufficient	to	meet	public	health	and	patient	needs.”	While	on	the	demand-side,	a	shortage	occurs	“when	demand	exceeds	supply	at	any	point	in	the	supply	chain	and	may	ultimately	create	a	stock-out	at	the
point	of	appropriate	service	delivery	to	the	patient	if	the	cause	of	the	shortage	cannot	be	resolved	promptly	relative	to	the	clinical	needs	of	the	patient.”	Usually,	shortages	on	the	demand-side	may	not	be	found	shortages	on	the	supply-side,	while	the	supply-side	shortage	would	ultimately	cause	a	shortage	on	the	demand-side.	K.	However,	the
prevailing	drug	shortage	problems	bring	significant	challenges	to	the	health	care	system.The	shortage	of	drugs	remained	a	problem	in	history	up	to	the	present	date.	doi:10.1016/j.mayocp.2020.04.001PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarClark,	S.	For	example,	saline	bags	were	in	shortage	in	Hurricane	Maria	in	Puerto	Rico	(Emmett,
2019),	and	Tamiflu	for	pediatric	use	was	in	short	supply	in	pandemic	H1N1	in	2009	(Gu	et	al.,	2011).	O.	The	drug	procurement	process	needs	a	specific	period,	but	poor	coordination	among	the	departments	delayed	the	procedures,	resulting	in	a	shortage.	Similarly,	the	US	has	more	data	in	comparison	(Schwartzberg	et	al.,	2017).The	drug	shortage
problem	has	severe	aggressive	impacts	on	the	health	care	system	and	public	health.	75,	816–820.CrossRef	Full	Text	|	Google	ScholarPhuong,	J.	Insights	into	European	Drug	Shortages:	a	Survey	of	Hospital	Pharmacists.	It	included	alterations	in	treatment,	inferior	treatment,	prescription	inaccuracies,	dispensing	errors,	administration	errors,	delayed
or	denied	treatment,	prolonged	hospitalization,	adverse	drug	interactions,	and	even	death	reported	by	studies	done	in	the	United	States,	Saudi	Arabia,	Europe,	Australia,	Canada,	United	Kingdom	(Becker	et	al.,	2013;	Mclaughlin	et	al.,	2013;	Dill	and	Ahn,	2014;	Fox	et	al.,	2014;	Alsheikh	et	al.,	2016;	Mclaughlin	et	al.,	2017;	Rinaldi	et	al.,	2017;
Schwartzberg	et	al.,	2017;	Walker	et	al.,	2017;	Dave	et	al.,	2018;	Phuong	et	al.,	2019).	Geneva:	WHO.Organization,	W.	A	survey	conducted	in	North	Carolina,	South	Carolina,	Georgia,	and	Florida	reported	that	drug	shortage	caused	a	significant	percentage	of	medication	errors	in	patients	leading	to	compromised	health	outcomes	and	increased	patient
burden	creating	an	unsafe	situation	for	both	staff	and	patients	(97).	However,	in	the	community	pharmacies,	community	pharmacists	and	working	staff	use	to	manage	the	drug	shortages	by	adopting	strategies:	1)	management	of	current	shortages,	2)	contacting	the	authorized	supplier,	3)	contacting	other	pharmacies,	and	4)	suggesting	an	alternative
treatment	to	the	patient	(Tan	et	al.,	2016;	Panic	et	al.,	2020).Management	of	Current	Drug	Shortage1)	Restrictions	on	the	use	of	current	stock.	The	high-income	countries	have	developed	comprehensive	strategies	to	manage	this	shortage	issue	to	some	extent,	which	are	the	example	for	the	rest	of	the	world.	Oper.	In	the	surge	of	the	COVID-19
pandemic,	a	shortage	of	Sertraline	(N06AB06)	and	Midazolam	(N05CD08)	occurred	due	to	the	increased	demand	for	antidepressant	drugs	(N06A/N06CA)	to	manage	stress	(Administration	USF.A.D,	2020).	To	tackle	the	drug	shortages,	evidence	from	all	countries,	especially	low-income	countries,	is	needed	to	compare	and	develop	global	mitigation
strategies.International	regulatory	authorities	need	to	cooperate	in	developing	a	global	mitigation	plan	with	a	uniform	definition.	Results	of	EAHP’s	2019	Medicines	Shortages	Survey.	J.,	Shuman,	C.,	and	Smith,	L.	Bio-Medical	Inform.	The	definition	varies	from	one	regulatory	authority	to	another.	J.	Critical	National	Shortage	of	Cefazolin	in	Japan:
Management	Strategies.	Moreover,	compounding	low-risk	medicines	in	severe	shortage	can	be	used	when	there	is	no	other	option,	but	high-risk	medications	could	lead	to	severe	adverse	effects	(Lyon,	2012;	Badreldin	and	Atallah,	2021).	doi:10.1016/j.cjca.2016.08.010PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarRowe,	W.	Health	Canada
started	Regulations	Amending	the	Food	and	Drug	Regulations,	a	reporting	system	for	drug	shortages,	in	2015	that	helped	prevent	and	manage	drug	shortages	by	enhancing	communication	in	the	Canadian	market	(Pauwels	et	al.,	2015).2)	Drug	shortage	reporting	and	tracking	system.	J.,	and	Mclaughlin,	M.	PloS	one	10.	A	viable	pricing	policy	helps
developing	countries,	keeps	stock	up	to	their	level,	and	controls	the	false	scarcity	(to	increase	prices)	(Emmett,	2019).6)	Expedited	drug	review.	G.,	Nyaka,	B.,	Hornyák,	J.	Managing	Drug	Shortages:	Seven	Years'	Experience	at	One	Health	System.	Still,	there	is	no	regulation	or	penalty	for	those	who	do	not	provide	early	notification	to	the	health
authorities	(Gu	et	al.,	2011;	Mazer-Amirshahi	et	al.,	2014).	doi:10.5530/jppcm.2017.4.69CrossRef	Full	Text	|	Google	ScholarFda,	U.	J.,	Rubenfeld,	G.,	and	Wunsch,	H.	(1995).	A	Comparison	of	Drug	Shortages	in	the	Hospital	Setting	in	the	United	States	and	Saudi	Arabia:	an	Exploratory	Analysis.	Patients	should	be	aware	of	the	availability	of	drugs	in
nearby	clinics	rather	than	general	hospitals	as	increased	patient	flow	to	public	hospitals	causes	drug	shortages	(Alsheikh	et	al.,	2016;	Alazmi	et	al.,	2017;	Walker	et	al.,	2017).	9,	573–584.	However,	these	new	guidelines,	especially	the	one	related	to	purchasing	and	processing	raw	materials,	may	delay	the	production	procedure	and	cause	medicines
shortages	to	a	certain	extent	(Academy,	2013).Al	Ruthia	et	al.,	in	2018	found	that	poor	drug	supply	chain	management	was	the	main	reason	for	drug	shortage	in	large	hospitals	of	Saudi	Arabia	(34).	In	low-income	countries,	the	availability	and	affordability	of	essential	medicines	are	still	the	priority	issues.	Drug	Shortages	in	the	US–Causes,	Impact,
and	Strategies.	doi:10.1080/09687637.2017.1369936CrossRef	Full	Text	|	Google	ScholarKos,	M.	V.,	Reilly,	C.,	Bush,	C.,	Deloach,	S.,	Higgins,	B.,	et	al.	Impact	of	Drug	Shortages	on	Health	System	Pharmacies	in	the	Southeastern	United	States.	The	transportation	problem	is	usually	due	to	horrible	weather,	bad	traffic,	and	natural	disasters	(Dill	and
Ahn,	2014;	Mazer-Amirshahi	et	al.,	2014).	Hyg.	B.,	Altura,	K.	Dis.	Cairo	Univ.	J.,	Gilbert,	E.	Many	oncology	drugs	were	reported	in	shortage	in	the	US,	for	example,	Mechlorethamine,	Leucovorin	(L01BA),	Daunorubicin	(L01DB02),	PEGylated	liposomal	Doxorubicin	(L01DB01),	etc.	Studies	in	the	United	Kingdom,	Canada,	and	the	United	States	found
that	shortages	usually	give	rise	to	patient	complaints,	frustration,	anger,	dissatisfaction,	decreased	adherence,	and	psychological	effects.	As	reported	by	the	FDA	from	117	(2012)	to	23	(2016),	the	decrease	in	drug	shortage	showed	that	the	US’s	approaches	have	worked	to	some	degree.	In	evaluating	new	suppliers,	the	regulatory	authorities	also
should	pay	special	attention	to	those	medicines	currently	with	only	one	supplier	(Fox	et	al.,	2014).	“"Medication	Shortages	during	the	COVID-19	Crisis:	what	We	Must	Do,”	in	Mayo	Clinic	Proceedings	(Elsevier),	1112–1115.	Some	regulatory	authorities	establish	platforms	for	tracking	and	reporting	shortages	(Quilty,	2014),	and	some	countries	are
trying	to	strengthen	their	food	and	drug	institutions	(Alruthia	et	al.,	2018;	ASHP	and	Healthcare,	September	30,	2020).	Bull.	M.,	and	Network,	E.	In	high-income	countries,	these	causes	have	been	controlled	to	some	extent,	but	in	the	low	and	middle-income	countries,	financial	burden	affects	manufacturing	quality	and	capability,	medicines	availability,
affordability,	and	drug	supply	chain	quantification	(Malik	et	al.,	2013;	Walker	et	al.,	2017).Manufacturing	IssuesThe	manufacturing	issues	include	quality	problems	and	competing	priorities.	F.,	Asiri,	S.	Saudi	Med.	Malaria	Drug	Shortages	in	Kenya:	a	Major	Failure	to	Provide	Access	to	Effective	Treatment.	Hematology/Oncology	41,	371–375.	Other
causes	include	prescribing	practices	and	unethical	medicines	promotion	by	pharmaceutical	companies	(Malik	et	al.,	2013).Just-In-Time	InventoryJust-in-time	(JIT)	inventory	system	is	a	management	stratagem	that	aligns	fixed	raw	materials/drugs	from	suppliers	directly	with	the	currently	scheduled	requirement.	doi:10.4212/cjhp.v72i1.2863CrossRef
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United	States	(Dave	et	al.,	2018).	Medicine	Shortages:	Gaps	between	Countries	and	Global	Perspectives.	It	will	also	give	time	to	staff	to	search	for	other	alternatives	(Walker	et	al.,	2017).2)	Use	of	products	with	minor	defects.	Medicines	Shortages:	Global	Approaches	to	Addressing	Shortages	of	Essential	Medicines	in	Health	Systems.	The	quality
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restriction	on	medicine	use	through	enhanced	communication	within	the	institution	and	other	institutions	(Dill	and	Ahn,	2014;	Rhodes	et	al.,	2016).	38,	1133–1141.	H.,	et	al.	Drug	Shortages	in	Developed	Countries-Reasons,	Therapeutic	Consequences,	and	Handling.	Therefore,	a	product	with	at	least	three	suppliers	for	materials	is	usually	considered
desirable	(Hedman,	2016).	A	medical	expert’s	platform	at	the	institution	level	will	help	handle	the	shortage	of	drugs	proactively.	The	drug	shortage	situation	also	varied	among	different	countries.	Therefore,	manufacturers	have	a	lower	motivation	to	invest	or	produce	medicines	with	low	profitability,	such	as	generics	and	injectable	products,	which
require	a	stricter	quality	environment	for	manufacturing	compared	with	those	medicines	with	higher	profitability,	as	found	for	generic	products	in	the	United	States	(Dave	et	al.,	2018)	and	injectable	products	in	Brazil	(Acosta	et	al.,	2019).Unavailability	of	Raw	MaterialDrug	shortages	may	occur	when	there	is	a	problem	in	the	supply	of	raw	materials.
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Amirshahi	et	al.,	2014).	The	Impacts	of	Medication	Shortages	on	Patient	Outcomes:	a	Scoping	Review.	However,	in	the	middle	and	low-income	countries,	the	Out-of-Pocket	Model	(remote	areas	of	China,	India,	Africa,	and	South	America)	is	working,	burdening	the	patients	(Kos,	2019).Importation	of	medicines	in	the	case	of	national	shortage	leads	to
severe	economic	impacts	burdening	the	government.	173,	477–484.	M.,	Goswami,	E.	And	sometimes,	speeding	up	the	reviewing	process	is	needed	when	there	is	a	higher	risk	of	shortage.Changes	in	Governmental	Policy1)	Changes	in	governmental	policies	and	programs.	In	1998,	there	were	shortages	of	many	drugs	due	to	Hurricane	George	in	Puerto
Rico	(Gu	et	al.,	2011;	Rinaldi	et	al.,	2017).In	the	COVID-19	pandemic,	shortages	of	active	pharmaceutical	ingredients	(APIs),	excipients,	and	drugs	occurred	worldwide.	doi:10.1016/j.jsps.2018.05.002PubMed	Abstract	|	CrossRef	Full	Text	|	Google	ScholarAlsheikh,	M.,	Seoane-Vazquez,	E.,	Rittenhouse,	B.,	Fox,	E.	S.,	Alkofide,	H.,	Alajmi,	R.	Healthc.	The
uncontrolled	movement	of	drugs	could	be	worsened	by	this	ripple	effect,	causing	severe	economic	impacts	(Musazzi	et	al.,	2020;	Vida	et	al.,	2016).Clinical	ImpactsClinical	outcomes	of	drug	shortage	have	been	reported	in	the	majority	of	studies	in	developed	countries.	New	Regulatory	Strategies	to	Manage	Medicines	Shortages	in	Europe.	Effective
policies	should	be	implemented	to:	develop	a	robust	supply	chain,	motivate	manufacturers	for	valued	quality	systems,	and	manufacture	those	medicines	with	a	higher	risk	of	shortage.	Clin.	Some	authorities	define	the	drug	shortage	from	the	supply	side,	and	some	define	it	from	the	demand	side.	G.,	Shah,	J.,	Tobias,	A.	L.,	Johnson,	L.-M.,	Pyke-Grimm,
K.,	Woodman,	C.,	et	al.	S.,	Ward,	M.	Circulation	140,	A15479.	Effects	on	Patient	Care	Caused	by	Drug	Shortages:	a	Survey.	Scientific	studies	have	proven	that	the	interrupted	treatment	due	to	the	drug	shortage	for	antiretroviral	therapy	(ART)	led	to	substandard	outcomes,	accumulations	of	drug	resistance	mutations,	and	treatment	failure	(Meloni	et
al.,	2017).	P.,	Srinivasan,	A.,	and	Bleasdale,	S.	Studies	in	low	and	middle-income	countries	reported	procurement	processes	as	causes	of	shortages,	e.g.,	Kenya,	Fiji,	Pakistan,	and	Sub-Saharan	(Malik	et	al.,	2013;	Walker	et	al.,	2017).	M.,	et	al.	The	two	draft	definitions	by	the	WHO	(Organization,	2017)	and	the	adaptation	of	uniform	definition	in	the	EU
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time	to	improve	the	quality	up	to	the	mark	(Bouvy	and	Rotaru,	2021).	Health	Rev.	ASHP	Drug	Shortages	Statistics.	80,	737–738.	There	is	no	strict	regulation	and	policy	for	advanced	notification	by	manufacturers	in	developing	countries	like	Pakistan,	but	multinational	companies	rarely	notify	severe	shortages	(Atif	et	al.,	2019).3)	National	and
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