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Abstract

Early evidence suggests that provisions of the Food and Drug Administration Safety and 

Innovation Act of 2012 are associated with reductions in the total number of new national drug 

shortages. However, drugs frequently used in acute unscheduled care such as the care delivered in 

emergency departments may be increasingly affected by shortages. Our estimates, based on 

reported national drug shortages from 2001 to 2014 collected by the University of Utah’s Drug 

Information Service, show that although the number of new annual shortages has decreased since 

the act’s passage, half of all drug shortages in the study period involved acute care drugs. 

Shortages affecting acute care drugs became increasingly frequent and prolonged compared with 

non–acute care drugs (median duration of 242 versus 173 days, respectively). These results 

suggest that the drug supply for many acutely and critically ill patients in the United States 

remains vulnerable despite federal efforts.

The number of national drug shortages, defined as periods when demand or projected 

demand for a drug in the United States exceeds its supply, has more than tripled over the 

past decade, 1 increasing risk of patient harm and cost of health care. 2 In response to 

growing concerns over these shortages, the Food and Drug Administration Safety and 

Innovation Act (FDASIA) was enacted in 2012, giving the FDA new and expanded 
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regulatory powers to respond to national shortages. These powers include requiring the early 

reporting of shortages by pharmaceutical manufacturers so that the agency may work with 

them to resolve production issues; identifying additional manufacturers to compensate for 

production deficiencies; expediting inspections and reviews of alternative products or 

manufacturing facilities; and enabling discretion in allowing distribution of products that 

have quality issues but that do not confer undue risk to patients. 3 Early evidence suggests 

that the number of new national drug shortages appearing each year has decreased since 

enactment of the FDASIA. 4,5

However, the overall number of national shortages remains high, and some evidence 

suggests that shortages may be increasing for drugs that are used for the diagnosis and 

management of patients in emergency departments (EDs), hospital wards, and intensive care 

units. 6–15National drug shortages have been reported for many of the most commonly used 

acute care drugs, including pain medications, sedatives, electrolyte solutions, antibiotics, 

antidotes and reversal agents, and medications for critical care. 16,17 However, no systematic 

study of the FDASIA as it relates to drugs used in the acute care setting has been conducted.

Drug shortages are particularly challenging for acute care because of the low tolerance for 

delays that can occur during the search for therapeutic alternatives. 5,8,18 Emergency 

clinicians have also expressed concerns about the difficulty of finding alternative 

medications, 5 which, when found, can be less effective, more costly, or associated with 

more adverse effects than the preferred drugs. 7,11,19–21 The act of substitution also carries a 

higher risk of medication errors in the ED than in nonacute settings. 7

Understanding the extent of drug shortages in the acute care setting and any changes since 

passage of the FDASIA is important to providers and policy makers seeking to ensure safe 

access to critical medications. This study describes trends in national drug shortages 

between 2001 and 2014 for drugs used in the ED in comparison to non–acute care drugs. We 

describe characteristics of national shortages affecting acute and non–acute care drugs, 

including the frequency, duration, and reported causes of shortages as well as the 

characteristics of the drugs affected by shortages.

STUDY DATA AND METHODS

DATA SOURCE

We used the University of Utah’s Drug Information Service drug shortage data set from 

January 1, 2001, to December 31, 2014. The data set includes information on all confirmed 

national shortages. A critical shortage is defined as a supply issue that affects how a 

pharmacy prepares or dispenses a drug product or influences patient care when prescribers 

must use an alternative agent. 22 The Drug Information Service publishes critical drug 

shortage information on a public website (http://www.ashp.org/shortages) hosted by the 

American Society of Health-System Pharmacists and receives voluntary reports of drug 

shortages from manufacturers via a reporting feature on the website. Clinical pharmacists at 

the service confirm each reported shortage. This verification process includes determining 

all potential manufacturers of a reported drug, and all drug presentations and National Drug 

Codes associated with the reported item. Next, each manufacturer is contacted to determine 
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which National Drug Codes are in shortage at the national level. The manufacturers are also 

asked to provide a reason for the shortage and an estimated date when the shortage would be 

resolved. A shortage is considered to be resolved when all suppliers have all formulations 

and dosages available or have permanently discontinued their products, or when the FDA 

reports on its website that the shortage has been resolved.

Our classification of non–acute care drugs included anticancer medications that may be used 

in the hospital inpatient setting but not in the ED; oral medications used for the chronic 

management of medical and psychiatric conditions; birth control; over-the-counter 

medications that are not time sensitive; all vaccines except those against tetanus, rabies, and 

postexposure prophylaxis; prescription drugs given in the ED to patients without 

prescription drug coverage and who have no outpatient access to medication; specialty drugs 

such as ophthalmic or otic suspensions not used by emergency care providers without 

specialty consultation; antituberculosis medication; extended release medications; drugs that 

cannot be delivered by emergency care providers (such as intraocular or intrathecal drugs or 

inhaled anesthetics); radiologic contrast materials; and nonimmediate anticoagulation such 

as warfarin.

Institutional Review Board exemption approval was obtained from the Yale University 

Human Research Committee prior to the initiation of this study.

DISTINGUISHING ACUTE CARE DRUGS FROM NON–ACUTE CARE DRUGS

We defined an acute care drug as one that is used in the ED for the management or diagnosis 

of acute conditions. This classification is inclusive not only of drugs with an indication for 

an acute condition but also of drugs commonly used off label in the acute care setting, 

regardless of efficacy or FDA approval status. We used this definition to best reflect the real-

world implications of drug shortages.

To classify whether a drug was used in the acute care setting, we used a small sample of 

drugs to establish criteria for acute care drugs (details of the criteria are explained in online 

Appendix 1). 23 The criteria were then used by two emergency medicine physicians (two 

authors) to independently review the full list of drugs affected by shortages and to assign 

acute or non–acute care status to them. Disagreements between the reviewers were 

adjudicated by the author group. We assessed the degree of reliability in acute care 

designation by having both reviewers conduct a blinded review of all drugs reported to be 

affected by shortages during the study period.

Overall, 52 percent of shortages (n=1,006 ) involved acute care drugs. The inter-rater 

agreement upon review using a standardized criteria list was 91 percent, kappa of 89 (95% 

confidence interval: 87, 90). Ultimately, 170 drugs (9 percent) required adjudication for 

assignment of acute care classification.

23See Appendices
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TRENDS AND DURATION OF SHORTAGES AFFECTING ACUTE AND NON–ACUTE CARE 
DRUGS

We reported the number of shortages affecting acute care and non–acute care drugs by year 

from 2001 to 2014. We calculated the median duration of shortage for each group of drugs 

(acute care and non–acute care) using December 31, 2014, as the end observation date in the 

data set. Shortages that were ongoing as of this date were truncated and assigned December 

31, 2014, as the end date. We also conducted a secondary analysis of this assumption by 

evaluating annual drug shortage durations (the number of days the shortage occurred in a 

calendar year of 365 days). This secondary analysis tracked changes of duration over time, 

while avoiding the potential lead-time bias that would result from certain shortages’ starting 

in an earlier study period. Each shortage was attributed to the calendar year in which the 

shortage was active. For example, a shortage beginning in June 2008 and lasting until 

February 2010 would be counted for the years 2008, 2009, and 2010. We reported the 

number of shortages by year and used a statistical test of trend to assess changes over time. 

We also reported median duration of shortages by year.

SHORTAGE ETIOLOGY

The primary causes of shortages reported by manufacturers to the University of Utah’s Drug 

Information Service were supply disruption, regulatory issues, manufacturing problems, raw 

material shortage, business decision, discontinuation, or unknown. We also characterized 

differences in the etiology of shortages between acute care and non–acute care drugs.

ANALYSIS

Data processing and merging were performed using Stata software, version 14. Data analysis 

and graphical presentation were performed in Microsoft Excel, version 14.5.3.

LIMITATIONS

The results of this study should be interpreted in the context of several limitations. First, our 

study drew from national data; thus, the results do not reflect local or regional shortages 
24,25or reveal surpluses that exist in anticipation of shortages. However, examining 

shortages on the national level is well suited for policy makers and the FDA because drugs 

are regulated nationally.

Second, it is possible that the effects of the FDASIA might become apparent only over the 

long term and therefore not reflected in this study, which closely followed the enactment of 

the legislation. However, the extent of acute care drug shortages and the efficacy of the 

FDASIA in addressing these shortages are of pressing concern and ought to be assessed in a 

timely manner. Furthermore, because this study was observational in design, it is also 

possible that changes observed in drug shortages were not limited to the effects of the 

FDASIA but may have resulted from other legislation, executive orders, or other 

nonregulatory factors.

24To access the Appendix, click on the Appendix link in the box to the right of the article online.
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Third, data regarding the causes of shortages were limited because many manufacturers did 

not disclose the cause of their shortages or did not provide details beyond “manufacturing 

difficulties.” 26 The reliance on self-reporting from manufacturers may also have led to the 

underreporting of supply and production disruptions, thus making our estimates more 

conservative.

STUDY RESULTS

CHARACTERISTICS OF ALL SHORTAGES, 2001–14

We included 1,929 national drug shortages from 2001 to 2014 in the study with an average 

of 271 active shortages annually and 138 new shortages appearing each year (Appendix 2 

lists the drugs that we excluded from the study). 23 The number of new shortages peaked in 

2011 at 268 (Exhibit 1 ), and the number of active shortages in a year peaked in 2012 at 489 

(Exhibit 2 ). The most common classes of drugs to experience shortages were central 

nervous system agents, such as drugs to reduce pain and fever ( n=332 ); anti-infectives 

(278); cardiovascular drugs (151); hormones and synthetic substitutes (130); and electrolyte, 

caloric, and water balance products (129) (see Appendix 3, Table 1 for a complete list). 23 

Overall, 70 percent of the drug products affected by shortages are delivered by injection.

Among the reported causes of national shortages, manufacturing difficulty was consistently 

the most common, accounting for 25 percent ( n=484 ) of the overall shortages during this 

period. Sudden changes in demand or the failure of supply to keep up with demand 

accounted for 12 percent (226). Regulatory issues accounted for 2 percent and 3 percent of 

shortages in acute care and non–acute care drugs, respectively. The causes of shortages were 

not reported for 45 percent of acute care and 47 percent of non–acute care drugs. Notably, 

47 percent (873) of the shortages did not have a cause reported (see Appendix 3, Table 2, for 

a complete list). 23

TYPES OF DRUGS AFFECTED

Among acute care drugs, the most common types affected by shortages were anti-infective 

agents ( n=208, accounting for 21 percent); central nervous system agents ( n=200, 20 

percent); autonomic drugs ( n=103, 10 percent); electrolyte, caloric, and water balance 

products ( n=82, 8 percent); and cardiovascular drugs ( n=81, 8 percent). Among non–acute 

care drugs, the most common classes were central nervous system agents ( n=137, 15 

percent); cancer drugs ( n=124, 13 percent); miscellaneous therapeutic agents ( n=77, 8 

percent); hormones and synthetic substitutes (such as testosterone; n=76, 8 percent), and 

anti-infective agents ( n=70, 8 percent) (see Appendix 3, Table 1 for a complete list). 
23Injectables accounted for a statistically higher proportion of acute care than non–acute 

care drug shortages (69 percent versus 38 percent; p < 0.001 ).

TRENDS IN DRUG SHORTAGES

During 2001–14, acute care and non–acute care drugs showed similar trends in the numbers 

of new annual shortages ( Exhibit 1 ). New shortages of both drug types had steadily 

increased since 2004, peaked in 2011, and continued at lower rates since. Exhibit 2 shows 

the number of active shortages in the 2001–14 period and suggests three important findings. 
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First, the total number of active shortages increased by more than 300 percent from 2001 to 

2012. Second, 2012 also represents an inflection point when the number of active shortages 

of non–acute care drugs notably decreased for the first time since 2004. And third, a similar 

decrease was not seen among acute care drugs.

DURATION OF DRUG SHORTAGES

The overall median duration of shortages was 210 days (interquartile range [IQR]: 83 to 531 

days). The median shortage for non–acute care drugs was 173 days (IQR: 69 to 442), which 

was significantly shorter than that of acute care drugs with a median of 242 days (IQR: 96 to 

624) ( p < 0.001 ) (data not shown). Examining the trends in the median duration of acute 

care and non–acute care drugs shortages, acute care drug shortages were increasingly 

prolonged (Exhibit 3 ).

DISCUSSION

We examined drug shortages between 2001 and 2014 and found that the enactment of the 

FDASIA in 2012 coincided with a decrease in the number of new shortages involving non–

acute care but not acute care drugs. Active shortages affecting acute care drugs were also 

more prolonged compared with non–acute care drugs. Overall, however, shortages have 

increased in duration for both drug groups, which suggests that shortages are increasingly 

difficult to resolve despite the FDASIA.

We also found a high number of shortages affecting anticonvulsants, analgesics, anesthetics 

and sedatives, and cardiovascular drugs—drug classes with heightened risk of patient harm 

if erroneously administered. Because errors are associated with shortages when providers 

substitute unfamiliar drugs for more familiar but unavailable drugs, 17,27,28 the prevalence of 

shortages affecting drugs from these categories is of particular concern for patient safety 

beyond mere delays in care.

Our results contribute to the current understanding of shortages in several ways. Concerns 

over shortages in acute care have been noted in the literature and have received media 

attention. 8,15,29 However, more recent assessments are based on narrative reviews, 7,9 

survey results, 30 anecdotal evidence, 9,31 and studies of specific drugs such as antidotes for 

toxicological emergencies. 17 While one study characterized the overall extent of the issue, 
15none examined the FDASIA as it pertains to acute care drugs. Our study extends the body 

of knowledge by providing quantitative data on the scope of the policy problem. 

Furthermore, the acute care drugs we found to be most commonly affected by national 

shortages were also among some of the most commonly prescribed drugs in the ED. 32 For 

example, intravenous saline—a mainstay of acute management of numerous emergent 

conditions—has experienced a shortage in nearly every year since 2003 (data not shown) 

and likely affects millions of patients (an estimated thirteen million visits to the ED alone 

require intravenous saline every year). 32 Thus, the consequences of shortages on patient 

care can be significant and widespread.

Several mechanisms may explain why national shortages are increasingly affecting acute 

care drugs. Drugs used in the acute care setting are more likely to be directly injected into 
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patients instead of taken by mouth; it is well established that injectable drugs are more prone 

to manufacturing problems, such as contamination and machine breakdown, than non-

injectable drugs. 3,26,33,34 Manufacturing difficulties can also be traced to the failures of 

markets to reward quality and safety. 3,28,35,36 Also, injectables are more prone than oral 

medications to being underproduced or discontinued because of their low profitability. 36 

Injectable drugs are chiefly used in unscheduled inpatient care and EDs, where shorter 

treatment duration limits the size of the potential market compared to outpatient 

medications, many of which must be taken daily over the course of years. Shortages may 

also result from decisions by pharmaceutical companies to focus on developing and 

manufacturing lucrative brand-name drugs instead of generic but clinically essential drugs. 

Because these economic realities are not readily addressed by legislation, the FDASIA 

represents only a temporary measure to deal with shortages for specialty pharmaceuticals 

and has only limited effects on acute care drugs.

We used data from the University of Utah’s Drug Information Service instead of the FDA 

because the former is more comprehensive than the latter. 28 The FDA database includes 

only shortages of “medically necessary drugs” 5,37 and data from that source were difficult 

to retrieve and analyze until relatively recently. 38 In contrast, the University of Utah’s 

database includes all reported shortages affecting drugs that affect clinical practice, 

including vaccines, regardless of whether the drug was deemed medically necessary—only 

that the shortages require changes in clinical practice. 39 The University of Utah’s database 

also predates the FDA’s 5 and thus contains more information. 28

POLICY IMPLICATIONS

Our study points to important policy implications. Currently, while manufacturers are 

required under the FDASIA to report new shortages, the FDA can use a public letter only to 

compel disclosures of shortages. The voluntary disclosure of shortages also limits data 

generation and analysis of national shortages. Furthermore, while the Generic Drug User 

Fee Amendments of 2012 40 requires generic drug facilities to self-identify, additional 

transparency may help with early identification of generic injectables that are only produced 

by a single source, allowing for earlier application of preventive strategies to avoid 

shortages. Finally, the FDA’s approach to shortages is reactive and inadequate for dealing 

with acute care drugs, as this study shows. Other options previously proposed to stabilize the 

supply of generic injectables include providing tax credits, rebates, or temporary market 

exclusivity. 7 In addition, removing price limitations on injectable generic drugs imposed by 

Medicare could increase profitability to manufacturers, 7 although this strategy likely carries 

unintended consequences. 41 A recent proposal suggested using long-term contracts with 

manufacturers to guarantee demand and stabilize long-term prices and supply. 42 Because 

shortages may have already caused price spikes, long-term contracts may prevent future 

events such as a recent threefold price increase for acute care drugs like doxycycline from a 

specific manufacturer. 43,44
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CONCLUSION

The recent decline in the overall number of drug shortages coincides with enactment of the 

FDASIA and has been attributed to the FDA’s ability to prevent drug shortages. 34 However, 

this study shows that shortages are increasingly affecting drugs commonly used in the 

management of acute and emergent conditions, despite the FDA’s efforts. More broad-based 

interventions are necessary to address these persistent drug shortages and help maintain the 

availability of drugs that are critical for millions of patients every day.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Exhibit 1. 
Number of new drug shortages affecting acute care and non–acute care drugs

Authors’ analysis of national critical drug shortage data compiled by the University of 

Utah’s Drug Information Service.

Acute care drugs include those commonly used in emergency department and critical care 

settings, including pain medications, sedatives, electrolyte solutions, antibiotics, and 

antidotes and reversal agents, among others.

FDASIA is Food and Drug Administration Safety and Innovation Act of 2012.
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Exhibit 2. 
Number of active drug shortages affecting acute care and non–acute care drugs

Authors’ analysis of national critical drug shortage data compiled by the University of 

Utah’s Drug Information Service.

Acute care drugs include those commonly used in emergency department and critical care 

settings, including pain medications, sedatives, electrolyte solutions, antibiotics, and 

antidotes and reversal agents, among others.

FDASIA is Food and Drug Administration Safety and Innovation Act of 2012.
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Exhibit 3. 
Duration of national drug shortages affecting acute care and non–acute care drugs, in 

number of days out of 365 days

Authors’ analysis of national critical drug shortage data compiled by the University of 

Utah’s Drug Information Service.

Acute care drugs include those commonly used in emergency department and critical care 

settings, including pain medications, sedatives, electrolyte solutions, antibiotics, and 

antidotes and reversal agents, among others.

FDASIA is Food and Drug Administration Safety and Innovation Act of 2012.
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