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Abstract

Background

In recent years, medication shortages have become a growing worldwide issue. This scop-

ing review aimed to systematically synthesise the literature to report on the economic, clini-

cal, and humanistic impacts of medication shortages on patient outcomes.

Methods

Medline, Embase, Global Health, PsycINFO and International Pharmaceutical Abstracts

were searched using the two key concepts of medicine shortage and patient outcomes. Arti-

cles were limited to the English language, human studies and there were no limits to the

year of publication. Manuscripts included contained information regarding the shortage of a

scheduled medication and had gathered data regarding the economic, clinical, and/or

humanistic outcomes of drug shortages on human patients.

Findings

We found that drug shortages were predominantly reported to have adverse economic, clini-

cal and humanistic outcomes to patients. Patients were more commonly reported to have

increased out of pocket costs, rates of drug errors, adverse events, mortality, and com-

plaints during times of shortage. There were also reports of equivalent and improved patient

outcomes in some cases.

Conclusions

The results of this review provide valuable insights into the impact drug shortages have on

patient outcomes. The majority of studies reported medication shortages resulted in nega-

tive patient clinical, economic and humanistic outcomes.
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Introduction

Medicines are an essential part of medical care, which improve patients’ health and quality of

life [1]. In the modern era, with the advancement of manufacturing, distribution, and trans-

port technologies, one would expect medication shortages to be a minor issue, where supply is

quickly resolved without negative ramifications to patient health and quality of life. Unfortu-

nately, this is not the case. Medication shortages have been described as a growing worldwide

issue in recent years [2].

There are various definitions of medication shortages, often also called “drug shortages”.

The University of Utah Drug Information Service defines a shortage as "A supply issue that

affects how pharmacies prepare and dispense a product or that influences patient care when

prescribers must choose an alternative therapy because of supply issues” [3]. The US Food and

Drug Administration (FDA) defines medication shortages as "a period of time when the

demand or projected demand for the drug . . . exceeds the supply of the drug" [3]. Despite

minor differences in definitions, if a medicine is not available for the patient at the time they

require treatment, regardless of the reason, the patient will either have to go without treatment,

choose an alternative treatment, delay treatment, or incur some difficulty by trying to obtain

treatment via another source.

Multiple reasons have been cited as to why drug shortages occur. These include quality

manufacturing issues, insufficient quantities of raw materials, regulatory issues, discontinuation

of products from the market, procurement issues, business decisions and natural disasters [4–

7]. In order to overcome the impact of shortages on the health system and patients, various

strategies have been implemented such as changes to policies, increased reporting and expedited

approval [8]. In fact, some of these strategies have worked to a small extent as the FDA reported

a decrease in drug shortages in recent years from 117 in 2012 to 23 in 2016 [6]. Despite these

efforts, at the time of writing this manuscript, there were 91 medications listed to be in shortage

on the FDA website, [9] and the University of Utah Drug Information Services showed a stable

trend of around 150 shortages each year [10]. In Australia, a snapshot by the Society of Hospital

Pharmacists Australia reported 365 different medication shortages on a single day in 2016 [11].

These numbers indicate just how complex this global problem is and that further work needs to

be done to ensure access to essential medicines when they are required.

As alluded to, the ramifications of medication shortages have vast implications for both the

health care system, health institutions and workforce. Importantly, medication shortages have

the potential to impact patient outcomes. The literature has reported that shortages have put

economic burdens on the health system, interfered with patient care, and have led to patient

dissatisfaction [12, 13]. Medication shortages have also been reported to increase patient out of

pocket costs [13, 14] and most alarmingly they have led to adverse patient events including

mortality, treatment changes, inferior treatment, and medication errors [13, 15]. Some positive

or equivalent outcomes have emerged from using alternative treatments as workarounds [16].

Despite these reports, there have been no reviews exploring the economic, clinical and human-

istic impacts of medication shortages on patient outcomes. Therefore, this scoping review

aimed to systematically synthesise the literature to report on the economic, clinical, and

humanistic impacts of medication shortages on patient outcomes.

Methods

Search

Utilising the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

protocol [17], this scoping review gathered research manuscripts that reported patient
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outcomes related to medicines shortages (S1 File). Medline, Embase, Global Health, PsycINFO

and International Pharmaceutical Abstracts were searched using the two key concepts of medi-

cation shortage and patient outcomes (S2 File). Searches were limited to the English language,

human studies and there were no limits to the year of publication.

Study selection

After the removal of duplicates, conference abstracts, editorials, and opinion pieces, titles and

abstracts were scanned for relevance. Manuscripts were included if they were about a shortage

of a scheduled medicine, had gathered data regarding the economic, clinical, and/or humanis-

tic outcomes of drug shortages on human patients, and followed the IMRAD format [18] (con-

taining an introduction, methods, results and discussion section). Manuscripts were excluded

if the impact to patients was not attributed to shortages.

Data extraction

Study location, data collection method, the medicines(s) affected by the shortage, and patient

outcomes were extracted from each manuscript. Economic outcomes were those that directly

affected a patients’ finances as a consequence of the shortage; clinical outcomes were defined as

a change in a patient’s health status due to a drug shortage. Subsets of clinical outcomes included

mortality; adverse drug reactions; drug errors; changes in hospitalisation, such as increased

length of stay or readmission; and other clinical outcomes, e.g. changes in a measured parameter

such as blood pressure. Humanistic outcomes were defined as non-clinical and non-economic

impacts on patients such as quality of life, satisfaction and concerns as a result of the shortage.

Results

A total of 230 unique articles were found after the initial search. After application of inclusion

and exclusion criteria, 40 manuscripts were included in the final review (Fig 1). These 40 stud-

ies all contained data regarding economic, clinical, and/or humanistic impacts of drug short-

ages on patients.

Included manuscripts were from 11 countries worldwide. The majority of manuscripts

were from North America (n = 28), followed by Africa (n = 5), Europe (n = 3) and the Western

Pacific (n = 3) the remaining manuscript was from Saudi Arabia in the Middle East. All manu-

scripts were observational studies, retrospective cohort studies (n = 19) and surveys (n = 15).

Studies gathered information from patient charts (n = 21), reports of healthcare professionals

(n = 19), and patient reports (n = 3). Some studies used multimodal methods to gather data on

patient outcomes due to shortages.

There were 19 studies which reported on an individual medicine, of these 15 were unique

medicines. Three medicines were reported multiple times: daunorubicin (n = 2), piperacillin-

tazobactam (n = 2) and propofol (n = 3). In 13 studies, a group of medicines was reported, of

these, there were seven unique groups. The most common groupings were: oncology medi-

cines (n = 6), antimicrobials (n = 2). Other groups were anaesthetics, antihypertensives, antire-

trovirals, paediatric medicines and glaucoma medicines. Eight studies did not specify a

particular medicine in shortage, instead they reported on medication shortages in general.

Economic outcomes

Economic outcomes due to medication shortages were reported in five studies (Table 1). The

only economic outcome reported was patient out of pocket (OOP) costs. All five studies

reported an increase in patient OOP costs [7, 19–22].
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Clinical outcomes

Clinical outcomes due to medication shortages were reported in 38 studies (Table 2). Mortality

was reported in 16 studies. Of these, ten reported increased mortality [5, 13, 23–30], and five

reported equivalent mortality [31–35]. One study, Abdelrahman et al. [36] reported both

Fig 1. PRISMA flowchart.

https://doi.org/10.1371/journal.pone.0215837.g001

Table 1. Economic outcomes of drug shortages on patients.

First author

and year

Location Study Description Shortage

medicine

Type of

outcome

Description of outcome

Pauwels, 2015

[19]

Europe Survey of hospital pharmacists on the characteristics,

clinical impact, financial impact, and management

of drug shortages in European hospital pharmacies.

General

medicines

Out of

pocket

costs

Increased patient OOP costs were reported to impact

patients: always-often (11%), sometimes (13%),

rarely-never (45%), no answer (31%).

Tan, 2016 [7] Australia Semi-structured interviews of community

pharmacists on the causes, impact and management

strategies of medication shortages in the community

setting.

General

medicines

Out of

pocket

costs

Pharmacists reported that patients had increased

expenses trying to acquire medications in shortage.

Perumal-

Pillay, 2017

[20]

South

Africa

Focus groups of parents and guardians of children to

gather opinions and perceptions on the availability

of children’s medications.

Paediatric

medicines

Out of

pocket

costs

Free medicines were not always available at

government facilities, so participants were sometimes

forced to pay for medications at private sector

pharmacies.

Hayes, 2014

[21]

USA Retrospective cohort study using data from patient

records. Leucovorin shortage resulted in

levoleucovorin use.

Leucovorin Out of

pocket

costs

The mean annual patient OOP costs were $167 to

$714 higher for levoleucovorin than for leucovorin.

Lukmanji,

2017 [22]

Canada Mixed methods longitudinal cohort study using

open-ended surveys of patients and patient records

to study the impact of a clobazam shortage on

patients with epilepsy.

Clobazam Out of

pocket

costs

Patients reported having to pay up front for

medication without receiving the full prescription

and increased gas costs from having to drive further

distances to find supply.

OOP = Out of pocket

https://doi.org/10.1371/journal.pone.0215837.t001
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increased and equivalent mortality, the majority of physicians agreed or were neutral regard-

ing the statement that drug shortages resulted in patient deaths, however, there was also a pro-

portion of physicians which disagreed. Medication classes that were commonly involved in

poor patient outcomes during shortages included antimicrobials [28, 33, 37–39] and oncology

medicines [24–27, 31, 32, 40–42].

Adverse drug reactions (ADRs) were reported in 24 studies. Of these, 14 reported increased

ADRs [7, 13, 22, 22–26, 28, 33, 37, 38, 40, 43, 44], six reported equivalent incidences of ADRs

[8, 31, 32, 35, 41, 45], and one reported decreased ADRs due to the shortages [16]. Three stud-

ies reported multiple impacts on ADRs. As above, the study by Abdelrahman et al. [36]

reported both increased and equivalent ADRs, as it gathered physicians’ perspectives and there

was a proportion of respondents who agreed, disagreed or were neutral with the statements in

the survey. Hall et al. [29] reported both increased and decreased ADRs, where anaesthetic

shortages were reported to increase post-operative complications, and fentanyl removal from

epidurals resulted in less pruritis. Mendez et al. [39] reported both equivalent and decreased

ADRs where piperacillin-tazobactam shortage did not affect the rate of vancomycin-resistant

enterococci infections, the rate of Clostridium difficile infection decreased.

Drug errors were reported in nine studies. Eight of these reported an increase in drug errors

[13, 19, 23, 24, 26, 29, 42, 46]. The study by Abdelrahman et al. [36] reported both increased

and equivalent drug errors because it reported physicians’ perspectives.

Changes in hospitalisation status were reported in 11 studies. Of these seven studies

reported increased hospitalisation [5, 13, 28, 29, 33, 37, 47], three reported equivalent hospita-

lisation [31, 35, 48], and one reported decreased hospitalisation [8].

A range of other clinical outcomes were also measured and reported in studies including

drug-resistant mutations [49], use of inferior treatments [50, 51], rationing of medications [35,

52], quality of patient care [12, 13, 23], mechanical ventilation [48], and seizure frequency

[22]. These can be seen in Table 2.

Humanistic outcomes

Humanistic outcomes due to shortages were reported in eight studies (Table 3). Patient com-

plaints were reported in three studies [5, 13, 29] and increased travel time was reported in four

studies [13, 24, 26, 47]. Other outcomes reported included patients being frustrated, angry and

feeling like a burden to themselves and caregivers. These can be seen in Table 3. One study by

Lukmanji et al. [22] used a quantitative quality of life (QOL) tool which found no statistical dif-

ference between participants QOL pre- and during-shortage. The same study also collected

qualitative quotes from participants,—“When I first found out about the shortage I panicked

and I was immediately worried that I was going to run out of pills and thought far ahead–I

have a problem with catastrophic thinking. I thought far ahead about if I ran out of [Frisium]

and if I have a seizure and worried about losing my license and house and then losing AISH

[financial support]. When it got to that point I thought about killing myself. The anxiety got

that bad” demonstrating that there were some impacts on patients’ humanistic outcomes not

captured via the QOL tool.

Discussion

The results of this review demonstrate that medication shortages are a complex, global phe-

nomenon, which affects patients’ economic, clinical, and humanistic outcomes. While drug

shortages have been reported to be a global issue which are reported by 99% of pharmacists

each year [19], there were only 40 studies gained from our comprehensive search strategy

which reported patient outcomes that met inclusion criteria for review. The reasons for such
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Table 2. Clinical outcomes of drug shortages on patients.

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

Abdelrahman,

2016 [36]

Egypt Survey of physicians on perceived health

outcomes of drug shortages on patients.

General medicines Mortality

ADR

Drug error

Other

Death as a result of drug shortage was

reported by 67 physicians (35%). Most

physicians agreed or were neutral with

regards to statements that drug shortages:

add to patient suffering and may cause

condition deterioration; delay surgical

operations; increase patient suffering from

illness without improvement; result in

patients receiving wrong medicines; result in

patients’ condition deteriorating; physicians

having to treat via a surgical operation; that

analogues and alternative treatments were

perceived to cause increased side effects and

not give the same effect as the shortage

medications.

AlRuthia, 2017

[12]

Saudi

Arabia

Questionnaire of pharmacists about drug

shortages in hospitals.

General medicines Other Eighty-eight percent of hospital pharmacists

reported that drug shortages compromise the

quality of patient care.

Baumer, 2004

[23]

USA Survey of directors of pharmacy on the

impact of drug shortages in acute care

hospitals.

General medicines Mortality

ADR

Drug error

Other

Pharmacy directors believed that drug

shortages had compromised patient care,

65% reported having a procedure delayed or

cancelled, 31% reported a prolonged patient

stay, 10% reported a serious medication

error, 4% reported a serious adverse drug

reaction, and 1% reported death.

Caulder, 2015

[46]

USA Survey of directors of pharmacy on the

impact of drug shortages on Health System

Pharmacies in the Southeastern United States.

General medicines Drug error

Other

Respondents reported shortages causing

drug changes as well as causing a 1–5% error

rate and unsafe conditions for patients.

McLaughlin,

2013 [13]

USA Survey of pharmacy directors assessing the

effects of patient care caused by drug

shortages.

General medicines Mortality

ADR

Drug error

Hospitalisation

Other

Instances of treatment failure and

medication errors were attributed to

shortages. Serious adverse events due to

shortage were reported. Five reported

permanent patient harm, nine instances

required intervention to sustain life, and two

deaths were reported. Readmission,

increased length of stay and treatment delays

were also reported.

Pauwels, 2015

[19]

Europe Survey of hospital pharmacists on the

characteristics, clinical impact, financial

impact, and management of drug shortages in

European hospital pharmacies.

General medicines Drug error

Other

Drug shortages were reported to result in

drug errors and inferior treatment.

Tan, 2016 [7] Australia Semi-structured interviews of community

pharmacists on the causes, impact and

management strategies of medication

shortages in the community setting.

General medicines ADR

Other

Patients were reported to have adverse events

such as withdrawal symptoms due to

shortage. Pharmacists noted that the

standard workaround is to use a therapeutic

equivalent, however, sometimes there is no

alternative treatment, causing health

consequences.

Walker, 2017

[5]

Fiji Semi-structured interviews of key

stakeholders in the Fijian medicine supply

chain.

General medicines Mortality

Hospitalisation

Other

Medicine shortages were causing ill-health.

Interviewees reported that shortages resulted

in longer hospital stays, shorter times to

patient readmission and even mortality

(Continued)
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Table 2. (Continued)

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

Becker, 2013

[40]

USA Mixed methods study. Retrospective cohort

study using data from patient records and

survey of treating physicians on the impact of

oncology drug shortages on patient therapy.

Oncology medicines ADR

Other

Respondents reported alternative therapy

having to be used due to shortage.

Alternative agents were reported to have

greater toxicity in 34.8% of cases, and less

toxicity in 8.9%. The physicians reported that

inferior alternative treatments were used in

30.4% of cases.

Duan, 2016 [41] USA Prospective study. Alternative vehicles of

oncology medications were used in

transcatheter arterial chemoembolization

following shortages.

Oncology medicines ADR

Other

Similar clinical profiles and toxicity rates

were reported between the groups.

Goldsack, 2014

[24]

USA Survey of pharmacists on the impact of

shortages of injectable oncology drugs on

patient care.

Oncology medicines Mortality

ADR

Drug error

Other

Sixty-two percent of respondents reported

using alternative drug regimens and 25%

reported safety events had occurred in the

last 12 months due to drug shortages.

Perceived risks were reported such as

incorrect doses, adverse drug reactions, and

death.

Kehl, 2014 [25] USA Survey of oncologists to explore their

experiences with drug shortages.

Oncology medicines Mortality

ADR

Other

Respondents reported having to use a less

effective alternative, delays in patient

treatment or other adverse effects on

patients. Three oncologists described

shortages that they believed contributed to

patient deaths.

McBride, 2013

[26]

USA Survey of oncology pharmacists on the effect

of oncology drug shortages on cancer care.

Oncology medicines Mortality

ADR

Drug error

Other

Survey respondents reported deaths, drug

errors, disease progression, and adverse drug

effects as a result of drug shortages. Dose

reductions were reported in efforts to

conserve supply for future doses.

Salazar, 2015

[42]

USA Survey of pharmacists and principal

investigators on the impact of chemotherapy

shortages in paediatric oncology.

Oncology medicines Drug error

Other

Two-thirds of principal investigators

reported that at least one patient had been

impacted by drug shortage. One-third of

pharmacists reported at least one near miss

or actual errors due to drug shortage.

Berger, 2014

[27]

USA Retrospective cohort study using data from

patient records. Non-FDA-approved second-

generation liposomal doxorubicin (Lipo-

Dox) was used in recurrent epithelial ovarian

carcinoma during a shortage of PEGylated

liposomal doxorubicin (Doxil).

PEGylated liposomal

doxorubicin (Doxil)

Mortality

Other

No patients had a complete or partial

response during the treatment period to the

alternative therapy. Nine patients died

during the study period from their disease.

Nickel, 2014

[31]

USA Retrospective cohort study using data from

patient records. Mitoxantrone was used in

induction therapy in newly diagnosed

lymphoblastic leukaemia and lymphoma due

to daunorubicin shortage.

Daunorubicin Mortality

ADR

Hospitalisation

Other

Induction toxicities including deaths, ICU

admissions, fever, bacteraemia, and invasive

fungal disease were similar during shortage.

Mean LOS during induction was also similar.

Minimal residual disease prevalence at the

end of induction was not significantly

different.

Trifilio, 2013

[32]

USA Retrospective cohort study using data from

patient records. Idarubicin was used for

remission induction in patients with acute

myeloid leukaemia (AML) due to shortage of

daunorubicin.

Daunorubicin Mortality

ADR

Other

Idarubicin was used instead of daunorubicin

due to shortage resulting in similar rates of

complete remission, all-cause mortality, and

adverse drug reactions. Subset analysis

revealed patients over 55 years old had

significantly higher rates of complete

remission using the alternative drug

idarubicin.

(Continued)
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Table 2. (Continued)

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

Gundlapalli,

2013 [28]

USA and

Puerto

Rico

Survey of infectious disease specialists on

their perspectives and concerns regarding

antimicrobial shortages.

Antimicrobials Mortality

ADR

Hospitalisation

Other

Infectious disease specialists expressed an

opinion that the resulting change in

treatment due to the shortage had adversely

affected patient care or outcomes. Of these,

the most common concerns were the use of

more toxic antimicrobials, broader-spectrum

antimicrobials, long-term morbidity from

inadequate treatment of infection and longer

hospitalisations. Use of suboptimal, less-

effective or more toxic therapy was the most

commonly mentioned additional adverse

outcome in an open-text field. Physicians

also reported five deaths attributed directly

to antimicrobial shortages.

McLaughlin,

2014 [37]

USA Survey of clinicians to report patient harms

due to antimicrobial shortages.

Antimicrobials ADR

Hospitalisation

Side effects and patient readmission was

attributed to shortage due to delayed and

unavailable treatment.

Dilworth, 2014

[33]

USA Retrospective cohort study using data from

patient records. Alternative agents were used

in patients with HIV Pneumocystis jirovecii
pneumonia (PJP) instead of trimethoprim-

sulfamethoxazole due to shortage.

IV trimethoprim-

sulfamethoxazole

Mortality

ADR

Hospitalisation

Shortage of IV trimethoprim-

sulfamethoxazole resulted in alternative

agents used for HIV-PJP. Three patients in

both groups died. Worsening clinical status

was significantly higher in the shortage

group. Treatment failure, adverse events, and

LOS were recorded however were not

significantly different.

Gross, 2018 [38] USA Retrospective cohort study using data from

patient records. Alternative antimicrobials

were used instead of piperacillin-tazobactam.

Piperacillin-

tazobactam

ADR Most hospitals shifted towards the use of

high-risk antimicrobials. Of these hospitals

which shifted towards high-risk

antimicrobials, Clostridium difficile
infections increased RR = 1.3 (p<0.5).

Mendez, 2006

[39]

USA Retrospective cohort study using data from

patient records. Alternative antimicrobials

were used instead of piperacillin-tazobactam

due to shortage.

Piperacillin-

tazobactam

ADR Vancomycin-resistant enterococci rates were

similar. There was a 47% decrease in

Clostridium difficile infections (p<0.001).

This was associated with changed usage rates

of particular antimicrobials.

Meloni, 2017

[49]

Nigeria Cross-sectional study using samples and

patient records of patients with HIV using

antiretroviral therapy (ART). Treatment

interruptions were caused by drug shortages.

Antiretrovirals Other Patients in the interrupted group had more

drug resistance mutations to ART and less

susceptibility to their ART than those in the

uninterrupted group. Lower CD4+ count

and higher viral load were reported in the

interrupted group.

McLaughlin,

2017 [43]

USA Retrospective cohort study using data from

patient records. High dose oral valacyclovir

(HDVA) was used to conserve IV acyclovir

during a period of shortage.

IV Acyclovir ADR Six (40%) patients experienced at least one

adverse drug reaction to HDVA. These

reactions included thrombocytopenia,

headache, nausea, and rash.

Hall, 2013 [29] Canada Survey of anaesthesiologists assessing

reported impact on patient outcomes.

Drugs used in

anaesthetics

Mortality

ADR

Drug error

Hospitalisation

Other

Changes in anaesthetic practice were

reported as a result of shortages. Drug errors,

complications, postponement of surgery,

prolonged recovery and perioperative deaths

were reported to be attributed to drug

shortages. Improved outcomes were also

reported such as less pruritis due to fentanyl

shortage.

(Continued)
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Table 2. (Continued)

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

Roberts, 2012

[48]

USA Retrospective cohort study using data from

patient records. Alternative anaesthetic agents

were used in non-cardiac ICU patients

instead of propofol due to shortage.

Propofol Hospitalisation

Other

The alternative agents used instead of

propofol resulted in an adjusted mean

increase of duration mechanical ventilation

of 7% (p = 0.35). The group which used

alternative agents were more likely to receive

continuous neuromuscular blocker therapy.

Romito, 2015

[34]

USA Retrospective cohort study using data from

patient records. Alternative agents were used

for induction of anaesthesia due to propofol

shortage.

Propofol Mortality Thirty-day and two-year mortality were

similar between groups before and during

the propofol shortage.

Price, 2013 [45] USA Retrospective cohort study using data from

patient records. Ketamine was used instead of

etomidate in patients requiring endotracheal

intubation.

Etomidate ADR

Other

There were no concerning complications

associated with replacement of etomidate

with ketamine for endotracheal intubation.

Similar haemodynamic changes and rates of

adverse drug reactions were reported

between groups.

Vail, 2017 [30] USA Retrospective cohort study using patient

records from a medical database. Alternative

vasopressors were used instead of

norepinephrine in patients admitted with

septic shock.

Norepinephrine Mortality Alternative vasopressors were used during a

period of norepinephrine shortages,

increasing absolute mortality rate 3.7%

(p = 0.3).

Yan, 2017 [50] Zambia Mixed methods study where semi-structured

interviews were conducted with healthcare

providers at rural primary care facilities to

gather insight into hypertension

management. Other methods sought to

review unrelated topics.

Antihypertensives Other Drug availability influenced prescribing of

antihypertensives. Inferior treatments were

commonly used because they were the only

medications available.

Shah, 2015 [47] UK Mixed methods study. Retrospective cohort

study using data from patient records,

interviews with medical staff and patients.

Preservative-free

glaucoma medicines

Hospitalisation Patients with supply problems went to the

emergency department to obtain their

medication, some on multiple occasions.

Malone, 2016

[44]

UK Prospective cohort study. Syntometrine (500

mcg ergometrine with 5 units oxytocin) was

used as a uterotonic for non-emergent

caesarean section due to shortage of IV

oxytocin.

IV Oxytocin ADR

Other

Peri-operative outcomes such as blood

transfusions, haemoglobin, and blood loss

were similar between groups. Significantly

more intra-operative antiemetics were given

(p<0.001).

Ladha, 2015

[51]

USA Retrospective cohort study using patient

records. Alternative vasopressors were used

due to a shortage of pharmacy-prepared

ephedrine syringes.

Pharmacy-prepared

ephedrine syringes

Other Despite changes in vasopressor usage and

lack of treatment guidelines, patient

haemodynamics remained comparable.

Lukmanji, 2017

[22]

Canada Mixed methods longitudinal cohort study

using open-ended surveys of patients and

patient records to study the impact of a

clobazam shortage on patients with epilepsy.

Clobazam ADR

Other

Some patients reported increased side effects

and increased seizures as a result of the

shortage. Others reported they were not

impacted.

Goldblatt, 2011

[52]

Australia Prospective cohort study reporting outcomes

when patients on imiglucerase as

maintenance treatment for Gaucher’s disease

were withdrawn from therapy due to

shortage.

Imiglucerase Other Upon withdrawal of imiglucerase due to

shortage 22/24 patients had no significant

clinical complications. Eight patients

complained of returning symptoms, two

patients had to be recommenced on

treatment.

Cho, 2016 [35] USA Retrospective cohort study using data from

patient records. Courses of nimodipine for

acute subarachnoid haemorrhage reduced

from 21 days to 14 days due to shortage.

Nimodipine Mortality

ADR

Hospitalisation

Other

The shortened course of nimodipine was not

associated with mortality, ADRs or LOS.

Neurological outcomes and mechanical

ventilation duration were also similar.

(Continued)
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underreporting may be due to the problem being so ubiquitous that no one has ever really

questioned it, or that drug shortages are a new phenomenon which has not yet been fully

explored, or that clinician time is spent dealing with workarounds, and time for research,

audits, documentation and follow-up is not available. Even though research evidence of patient

consequence may be an underreported phenomenon, this review highlighted that regardless of

the medicine that was in short supply, the majority of patient outcomes resulting from the

shortage were disadvantageous to patients’ clinical, economic and humanistic outcomes.

Table 2. (Continued)

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

Blaine, 2016

[16]

USA Retrospective cohort study using data from

patient records. Tranexamic acid (TXA) was

used instead of epsilon-aminocaproic acid

(εACA) in cardiac surgery patients.

Epsilon-

aminocaproic acid

(εACA)

ADR

Other

Substitution of εACA with TXA resulted in

equivalent postoperative bleeding and red

cell transfusions, patients receiving εACA

were more likely to require supplemental

haemostatic agents.

ADR = Adverse drug reaction LOS = Length of stay (in hospital)

https://doi.org/10.1371/journal.pone.0215837.t002

Table 3. Humanistic outcomes of drug shortages on patients.

First author

and year

Location Study Description Shortage Type of

outcome

Description of outcome

McLaughlin,

2013 [13]

USA Survey of pharmacy directors assessing the

effects of patient care caused by drug shortages.

General

medicines

Complaints

Travel

Patient complaints were reported by 38% of

respondents. Patients having to be transferred to

another facility which had the shortage medication

was reported by 12.3%.

Walker, 2017

[5]

Fiji Semi-structured interviews of key stakeholders

in the Fijian medicine supply chain.

General

medicines

Complaints Patients were reported to be angry with

pharmacists due to shortages.

Goldsack, 2014

[24]

USA Survey of pharmacists on the impact of shortages

of injectable oncology drugs on patient care.

Oncology

medicines

Travel Pharmacists reported that patients were often

referred to and from other facilities as a result of

drug shortages.

McBride, 2013

[26]

USA Survey of oncology pharmacists on the effect of

oncology drug shortages on cancer care.

Oncology

medicines

Travel Some institutions reported sending medicines to a

patient at another institution or accepting patients

from other institutions that could not obtain

required medicines.

Hall, 2013 [29] Canada Survey of anaesthesiologists assessing reported

impact on patient outcomes.

Drugs used in

anaesthetics

Complaints Patient complaints due to drug shortages were

reported by 2.3% of anaesthesiologists.

Perumal-Pillay,

2017 [20]

South

Africa

Focus groups of parents and guardians of

children gathering opinions and perceptions on

availability of children’s medications.

Paediatric

medicines

Concerns Participants were concerned if the generic

medications were going to have the same effect as

the ‘proper’ medication.

Shah, 2015 [47] UK Mixed methods study. Retrospective cohort

study using data from patient records, interviews

with medical staff and patients.

Preservative-free

glaucoma

medicines

Concerns

Travel

Patients were reported to be confused, distressed,

frustrated and angry about the situation and

anxious about reactions to alternative drops. Some

patients reported travelling long distances to

obtain supplies.

Lukmanji, 2017

[22]

Canada Mixed methods longitudinal cohort study using

open-ended surveys of patients and patient

records to study the impact of a clobazam

shortage on patients with epilepsy.

Clobazam Quality of

life

Concerns

Burden

There were no statistically significant differences

in participants’ pre- and during shortage responses

on epilepsy-related quality of life distress and fear

of having a seizure using the QOLIE-10-P tool.

Qualitative analysis revealed themes such as

burden on patients and caregivers, physical and

psychological impacts of the shortage. Participants

emphasised the increased financial and time

burden that the clobazam shortage imposed on

patients and their caregivers.

https://doi.org/10.1371/journal.pone.0215837.t003
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With respect to economic outcomes, these were only reported in five studies. This could be

attributed to lack of economic data generated as the majority of studies focused on clinical out-

comes and used retrospective chart analysis for information. Economically, drug shortages in

all reported instances increased OOP costs for patients. These increased costs were attributed

to factors such as switching brand of the same medicine, switching to an alternative medicine,

and expenses such as fuel for travelling further distances to acquire medicines. Patient OOP

expenses were the only economic outcome reported, perhaps this may be due to health

research being biased towards clinical outcomes or that it is difficult to capture the actual eco-

nomic cost of drug shortages. No studies reported other economic outcomes such as produc-

tivity costs (e.g. time off work) or cost-utility, demonstrating that there may be a lack of

sophistication in analysing the actual economic impact that shortages have on patients [53].

It should be noted that other economic considerations were reported in some studies such

as institutional costs. One institution reported having to pay 300–500% more for shortage

medicines [46], another reported having to pay up to 1704% more for an alternative agent

[40]. Furthermore, studies reported having to have dedicated staff to manage shortages [30].

As many of these studies were from the USA, it is unknown if or how these costs would be

passed onto the patients directly or their insurance companies and affect premiums and as

these other economic considerations were not reported to affect patients directly, we can only

theorise their impacts. Furthermore, different countries have different healthcare systems,

where the costs of access to medicines during times of shortage may vary.

Clinical outcomes were reported in the majority of studies. However, these were generally

retrospective reviews of data from patient records. Data gathered via this medium included

specific patient outcomes related to the treatment, such as rates of infection or seizures. Other

outcomes such as adverse drug reactions and drug errors were also often gathered via this ret-

rospective audit of notes. Utilising this modality may have its limitations, as clinical documen-

tation may not always be complete [54]. For example, studies which reported only on adverse

events did not give a full depiction as to whether the alternative treatments were beneficial in

treating the primary condition [38, 39]. The other method utilised to report the clinical out-

comes of drug shortages were self-report mainly from clinicians via survey or semi-structured

interviews. These data collection methods may also lead to a problematic interpretation of the

actual impact of the medication shortages on patient outcomes, as they may generate recall

bias, particularly if participants were surveyed some-time after the shortage. Furthermore, sur-

vey questions may be leading, inflating the perceived outcomes of the shortage, also, these

methods are only reporting perceptions of the impact of the shortage on the patient from the

lens of the health professional and not from the patients themselves.

Rates of adverse events were reported in 20 studies. The majority of reports indicated an

increase in adverse events such as increased toxicity of the alternative treatment. Interestingly,

two studies reporting on the impact of piperacillin-tazobactam shortages on secondary Clos-
tridium difficile infection and had conflicting results. One study reported an increased rate of

Clostridium difficile infection [38], whereas the other, a decrease [39]. The changes in infection

rate and adverse events may be attributed to the alternative therapy used, rather than the short-

age itself. Thus, in order to use data from shortages, comprehensive clinical documentation is

needed to guide future research and treatment protocols, particularly if improved responses to

alternative treatments are reported. Interestingly, many of the studies reviewed were regarding

drug shortages of antimicrobials or oncology medicines. These shortages may be more likely

to be studied, due to the perceived importance placed on these medicines. However due to the

heterogenous reporting of patient outcomes across studies, few comparisons of results can be

compared.
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Drug shortages were also associated with increased medication errors. This was attributed

to factors such as unfamiliarity with alternative agents. Pharmacy staff noted in a 2003 study

reporting on 109 shortages at one institute that in 54% of shortages clinicians may be unfamil-

iar with the alternative product regarding its mechanism of action, adverse effects, or interac-

tions [55].

Lack of medication availability causing death is the most severe consequence of drug short-

ages and mortality was reported in 18 studies. Some of these studies reported few deaths,

whereas others could attribute hundreds. In a 5-year retrospective cohort study of 27,835

patients with septic shock during a norepinephrine shortage, alternative vasopressor use

resulted in an increased mortality of 3.7% (p = 0.3) [30]. In contrast to this long-term compar-

ative study, others directly gathered physician perspectives on the relationships between drug

shortages and mortality. This was the case in the study by Abdelrahman et al. where approxi-

mately 1/3 of physicians stated that shortages caused death, 1/3 said they did not, and 1/3

responded neutrally on the survey tool [36]. These heterogeneous methods used to report the

impact of shortages, again making it difficult to draw firm conclusions on true impacts, and

more comprehensive studies comparing those receiving no drug, or alternative treatment are

required to highlight the full clinical consequence of shortages.

In addition to clinical and economic outcomes, it has been stated that health care is more

than just treating a condition, and humanistic outcomes such as quality of life is also an impor-

tant measure of successful health care [56]. However, in our review, we found only ten studies

which reported humanistic outcomes. These studies reported patients having difficulty access-

ing their medications, patients complaining to health professionals about drug shortages,

patients having to be transferred to other facilities to find suitable health care, and patients

being anxious and distressed. One study used a quantitative tool to measure QOL during a clo-

bazam shortage and reported no significant difference [22]. However, within the same study,

there were extracts from patient interviews which suggest otherwise. Previous literature has

also reported that often QOL tools may not be sensitive enough to capture the true impact of

an intervention on the patient and that other tools measuring humanistic outcomes may need

to be developed [56]. It is doubtful that this review captured the entire range of humanistic

impacts of drug shortages, however, those reported predominantly seem to be negatively

affecting the patient. Further research investigating humanistic outcomes and the patients’

perspective of how drug shortages affect them is warranted in order to create holistic solutions

to the shortage problem.

It has been commonly reported that drug shortages are a global problem. However, the

majority of the studies included in this review were from developed nations such as the United

States. The World Health Organisation reports that up to a third of the world’s population

does not have access to medications, where this rate is even higher in low-to-middle income

countries [57], yet these nations are not well represented in this review. This prompts the ques-

tion as to whether the impacts of drug shortages may differ in these nations. Due to the major-

ity of studies reporting outcomes of shortages in developed countries, the results found in this

review may not be generalisable to developing countries.

Due to the dearth of research literature reporting patient outcomes due to medication

shortages, as well as the lack of homogeneity in the tools used to report these outcomes, this

scoping review provides a snapshot of some of the economic, clinical and humanistic out-

comes that may result from medication shortages. However, it may not allow one to make any

firm conclusions about their true impact on patient outcomes.

It should be noted that much of the data comes from study types of low research validity, as

the majority of studies were retrospective cohort studies or surveys. While cohort studies are

observations of real outcomes of shortages, they may lack rigour. Surveys of healthcare
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professionals were the other common research method utilised. As mentioned, these are sub-

ject to biases and only gather the perspectives of the clinicians and not the patients themselves

who are experiencing the treatment changes due to the shortage. Only one study in this review,

actually asked patients themselves about the impacts they faced as a result of their medication

shortage [22]. Additionally, the researchers may have had preconceived ideas of what data to

record and may not have reported the full impact of the shortage for each individual involved.

We believe a recording method for shortages should be created in order to capture the entire

clinical, economic, and humanistic picture of drug shortages for the future. Due to the nature

and small numbers of these manuscripts, the risk of bias was not assessed in this review.

This scoping review therefore had both strengths and limitations. This is one of the first

reviews that we are aware of attempting to synthesise the literature on the consequences of

drug shortages specifically on patient outcomes. The systematic and comprehensive search

strategy in many academic databases and the use of two authors applying the inclusion and

exclusion criteria across all articles lead us to believe that we have captured most of the

research data in this field. However, limiting the search to English only and not searching grey

literature may mean that some studies (and accounts) have been missed. In addition, this

review did not attempt to extract the root cause of these shortages or the strategies that have

been put in place to overcome drug shortages when they occur. Lists of root causes and strate-

gies can often be found on National Health System websites [6, 58]. Furthermore, it did not

attempt to make any comparisons between different health systems, and as already stated,

much of the data was from developed nations and studies reporting patient outcomes in other

parts of the world were lacking.

Whilst it was difficult to combine outcomes from different study types, this review high-

lights the need for creation of guidelines or a tool to record the impacts of drug shortages for

future in order to allow better comparison and reporting of meaningful outcomes. More struc-

tured data should be gathered during times of shortage, which in turn can be used to guide fur-

ther research and treatment protocols. Particularly, the economic and humanistic impact of

medication shortages needs to be addressed.

Conclusion

The results of this review provide valuable insights into the impact drug shortages have on

patient outcomes. The majority of studies reported medication shortages resulted in negative

patient clinical, economic and humanistic outcomes.
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