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ABSTRACT
Background: Drug shortages represent a complex global problem affect-
ing patients and health care professionals on a daily basis. 

Objectives: To identify, describe, and compare drug shortages in health
care facilities in Canada and 4 European countries in early 2018.

Methods: A descriptive cross-sectional study was conducted in 1 hospital
in each of 5 countries: Canada, France, Belgium, Spain, and Switzerland.
Over a 4-week period, shortage data were collected daily by each hospital
using a standardized grid and a standard process. 

Results: From January 8 to February 2, 2018, there were a total of 
84 shortages (median duration 32 days) in the Canadian hospital, 
62 shortages (median duration 9 days) in the French hospital, 46 shortages
(median duration 37 days) in the Belgian hospital, 28 shortages (median
duration 25 days) in the Spanish hospital, and 98 shortages (median 
duration 68 days) in the Swiss hospital. The number of manufacturers
implicated in the shortages was 28 for the Canadian hospital, 30 for the
French hospital, 19 for the Belgian hospital, 16 for the Spanish hospital,
and 42 for the Swiss hospital. Most of the shortages involved parenteral
drugs, with both innovative and generic manufacturers being affected.
Most therapeutic classes were affected by shortages to some extent, with
the top 3 classes being anti-infective agents (accounting for 21.1% 
of shortages overall), central nervous system drugs (11.3%), and cardio-
vascular drugs (8.2%).

Conclusions: Drug shortages occurred almost daily in all of the study
hospitals. Across the 5 hospitals, the frequency of shortages varied by a
factor of 3, which may imply similar variability at the national level. All
stakeholders should work more diligently to prevent and manage drug
shortages.
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RÉSUMÉ
Contexte : Les pénuries de médicaments représentent un problème 
mondial complexe qui touche quotidiennement les patients et les 
professionnels de la santé. 

Objectifs : Recenser, décrire et comparer les pénuries de médicaments
ayant eu lieu au début de 2018 dans des établissements de soins de santé
du Canada et de quatre pays d’Europe.

Méthodes : Une étude descriptive et transversale a été menée dans 
un hôpital de chacun des cinq pays suivants : le Canada, la France, la 
Belgique, l’Espagne et la Suisse. Sur une période de quatre semaines,
chaque hôpital a recueilli quotidiennement les données sur les pénuries 
à l’aide d’une grille et d’un processus normalisés. 

Résultats : Pour la période allant du 8 janvier au 2 février 2018, on a 
recensé 84 pénuries (durée médiane de 32 jours) dans l’hôpital canadien,
62 pénuries (durée médiane de 9 jours) dans l’hôpital français, 46 pénuries
(durée médiane de 37 jours) dans l’hôpital belge, 28 pénuries (durée 
médiane de 25 jours) dans l’hôpital espagnol et 98 pénuries (durée 
médiane de 68 jours) dans l’hôpital suisse. Vingt-huit (28) fabricants
étaient impliqués dans les cas de pénuries dans l’hôpital canadien, 30 dans
l’hôpital français, 19 dans l’hôpital belge, 16 dans l’hôpital espagnol et 
42 dans l’hôpital suisse. La plupart des pénuries touchaient les 
médicaments parentéraux et mettaient en cause  tant les fabricants de
médicaments novateurs que ceux de médicaments génériques. Les
pénuries ont affecté d’une manière ou d’une autre la plupart des classes
de médicaments , mais les trois classes les plus touchées étaient les agents
anti-infectieux (21,1 %) les médicaments agissant sur le système nerveux
central (11,3 %) et les agents cardiovasculaires (8,2 %).

Conclusions : Des pénuries survenaient presque quotidiennement dans
chaque hôpital de l’étude. Dans l’ensemble des hôpitaux, la fréquence des
pénuries variait selon un facteur de trois, ce qui pourrait se traduire par
une variabilité semblable à l’échelle nationale. Toutes les parties prenantes
doivent travailler avec plus d’ardeur à la prévention et à la gestion des
pénuries de médicaments.

Mots clés : pénuries de médicaments, pratique pharmaceutique, 
approvisionnement en médicaments 
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INTRODUCTION

The World Health Organization (WHO) views drug shortages
as a complex global challenge.1 Numerous signs point to the

growing importance of this issue, particularly in Europe and
North America.2,3 One of the most striking examples in recent
years in Canada was the Sandoz crisis, which involved a produc-
tion slowdown and shortages of hundreds of injectable drugs. As
a result, warning letters were issued to Sandoz Canada by the US
Food and Drug Administration in 2011 and 2012. Although the
problem of shortages affects many countries, there is still too little
information available to allow researchers to determine the extent
and characteristics of this phenomenon internationally.4

Moreover, international benchmarking of drug shortages on the
basis of available data is difficult, because a uniform definition 
of drug shortages is lacking.5 For example, the WHO recently
identified 56 definitions of drug shortages currently in use around
the world.6

Drug shortages have become a major public health issue, 
and international bodies such as the WHO, the International 
Pharmaceutical Federation, and the European Association of 
Hospital Pharmacists are increasingly undertaking initiatives to
prevent and address such shortages.7-10 However, the measures
taken, including formal regulations, vary widely from one country
to another.4 In terms of the regulatory framework, notification of
drug shortages to one or more national authorities has been
mandatory since 2004 in France,11 since 2006 in Belgium,12 since
2010 in Spain,13 and since 2015 in Switzerland.14 In Canada, such
declarations have been mandatory only since 2017.15 More 
generally in Europe, article 23a of directive 2001/83/EC of the
European Commission specifies that market authorization holders
for products marketed in member states of the European Union
are required to give 2 months’ notice to regulatory authorities
when market access to a product will be temporarily or permanently
interrupted.16

In the hospital setting, pharmacists must ensure the supply
of drugs to meet the needs of all patients and must responsibly
manage the integrity of the supply chain (e.g., appropriate 
allocation of available quantities of drugs through prioritization
of patients).17 Therefore, it is important for pharmacists to stay
informed about ongoing shortages, remain proactive in addressing
them, and know what alternative resources are available to treat
patients. 

Regardless of the cause of a drug shortage, the consequences
for public health can be serious and are unlikely to respect national
borders.1,18 Furthermore, despite existing measures, drug shortages
remain a major problem affecting patients and clinicians on a daily
basis.19 A study of national-level data, published in 2017, found
more drug shortages in Canada than in France, although the
number of shortages was similar in a sample hospital from each
country.20The study reported here therefore aimed to supplement
and expand upon those earlier data by identifying, describing, and

comparing drug shortages in 1 representative health facility from
Canada and each of 4 European countries. 

METHODS

This descriptive cross-sectional study involved 1 hospital 
in each of 5 countries. Drug shortage data were obtained from a 
university hospital in each of Canada (456 acute care beds), France
(600 beds), Spain (600 beds), and Switzerland (1000 beds) and
from a general hospital in Belgium (900 beds). The French and
Canadian hospitals bought drugs through drug wholesalers,
whereas the hospitals in the other 3 countries obtained drugs 
directly from the manufacturers. The hospitals were identified
through previous collaborations with our Canadian research unit.
In each hospital, an individual hospital pharmacist or a pair of
workers (consisting of a pharmacist and a pharmacist student)
were identified to provide the requested data. 

Data Sources and Data Extraction

For the purpose of this study, a drug was defined as a product
having a specific content, form, or size that was obtained from a
particular manufacturer (e.g., amoxicillin, 500-mg capsules, box
of 100 capsules, Mylan). If more than one drug manufacturer was
in shortage for a given medication in a given national market, the
shortage of that medication was counted as a single event for the
hospital. A drug shortage was identified by failure on the part of
the supplier to deliver an ordered product to the hospital, because
of a supply problem for the product at the particular supplier; no
time criteria were applied, because failure to deliver an ordered
product to a hospital may have consequences, regardless of the
duration of the shortage. Participating personnel at each hospital
collected the data daily from January 8 to February 2, 2018, using
a standardized grid (Excel spreadsheet, Microsoft Corporation)
and a standard data-collection process. To ensure a complete set
of data for drug-related shortages during the study period, all 
active shortages known by the data collectors in their respective
hospitals were documented on January 8, and any new shortages
that occurred during the study period were recorded. 

From the data collected, a start date and an end date (date of
return to stock or withdrawal from the market) were identified
for each drug in shortage. When the actual start and end dates of
the shortage were known, these dates were used. Otherwise, the
estimated start date of the shortage and the estimated date of 
return to stock were used to calculate the duration of the shortage.
For drugs with an estimated date of return to the market later
than February 2, 2018, the end date was arbitrarily defined as
February 2, 2018. For each drug in short supply, we identified
the manufacturer, type of manufacturer (innovative or generic),
therapeutic class (according to the Anatomical Therapeutic
Chemical Classification System or the American Hospital 
Formulary Service classification), and the route of administration
(parenteral or otherwise).
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In addition, for each drug shortage, we collected the source
of the information about the shortage, the main cause of the
shortage, the presence of a national guideline concerning the 
particular shortage, the function of the person who was primarily
responsible for managing the shortage within the hospital, any 
action taken to address the shortage, and an estimate of the time
required to manage the shortage (e.g., to gather information, 
communicate with patients and colleagues, search for and order
alternative treatment, or perform pharmaceutical compounding
in the pharmacy).

Descriptive Analysis

For each country, we calculated the number of drugs in short
supply, the average or median duration of shortages (according to
the data distribution), the number of manufacturers implicated
by shortages, the proportion of drug shortages associated with
generic drugs, and the proportion of shortages involving drugs
administered by the parenteral route. Also, respondents were asked
to identify additional management strategies and tools in place.

Comparison of Drug Shortage Ratios 

For each hospital, the drug shortage ratio was defined as the
ratio of total number of shortages identified to the total number
of drugs normally in stock at the facility. Drug shortage ratios are
reported for the 5 hospitals.

RESULTS

Descriptive Analysis

From January 8 to February 2, 2018, there were a total of
84 drug shortages in the Canadian hospital, 62 in the French 
hospital, 46 in the Belgian hospital, 28 in the Spanish hospital,
and 98 in the Swiss hospital. The median duration of drug short-
ages was 32 days (range 0–402 days) in the Canadian hospital, 
9 days (range 2–437 days) in the French hospital, 37 days (range
1–263 days) in the Belgian hospital, 25 days (range 0–240 days)
in the Spanish hospital, and 68 days (range 0–1771 days) in the
Swiss hospital (Table 1). The majority of drugs in short supply
were for parenteral administration (60.1%). Overall, the main
therapeutic classes affected by drug shortages were anti-infective
agents (21.1% of shortages overall), central nervous system agents
(11.3%), cardiovascular drugs (8.2%), and antineoplastic agents
(7.5%). Table 1 also shows the number of manufacturers affected
by at least 1 drug shortage and the proportion of shortages 
involving generic drug manufacturers. The top 5 manufacturers
involved in drug shortages across all 5 hospitals were Pfizer
(9.7%), MSD (6.3%), Mylan (6.0%), Sanofi (6.0%), and GSK
(5.0%) (Table 2). 

Comparisons 

For calculating the drug shortage ratio at each hospital, the
total number of drugs normally in stock was 2032 for the 

Canadian hospital, 2034 for the French hospital, 1419 for the
Belgian hospital, 2345 for the Spanish hospital, and 2362 for the
Swiss hospital. The drug shortage ratios were calculated as 4.13%,
3.05%, 3.24%, 1.19%, and 4.15%, respectively. 

Qualitative Analysis 

The main sources of information regarding drugs in short
supply were manufacturers (53.8% of all shortages) and whole-
salers (45.3%) (Table 3). In 73.9% of cases, the cause of the short-
age was unknown. For the remaining shortages, the causes were
an increase in demand (19.8% of all shortages), a manufacturing
problem (1.9%), lack of raw material (1.6%), discontinuation of
a product (i.e., product had been taken off the market; 1.6%), a
quality defect (0.6%), or a natural disaster or other incident
(0.3%). For 95.9% of the shortages, national guidelines for 
managing drug shortages were not available, and each hospital
managed their shortages through additional stocking. The 
personnel who managed shortages varied across the institutions:
pharmacists (50.0% of shortages), administrative staff (30.5%),
or pharmacy technicians (18.9%). 

Depending on the drug concerned, management of a short-
age could be more or less complicated, in terms of both seeking
alternatives and communicating the shortage to other health 
professionals. For more than half of the shortages (57.9%), 
respondents estimated that they spent no more than 30 min 
managing the shortage. Only 6.3% of shortages required more
than 120 min. The main actions taken to manage drug shortages
within the study hospitals were using another product (44.0% of 
shortages), obtaining the drug from another supplier (8.5%), 
importing the product from abroad (5.7%), and changing the 
institution’s practices (5.3%).

Participating pharmacists were asked to identify additional
management strategies and tools in place within their respective
institutions. Paradoxically, only pharmacists in the Spanish, Swiss,
and Canadian hospitals used the national website for reporting
drug shortages in their practices. Furthermore, only the hospitals
in these 3 countries had a policy for increasing critical drug 
inventory levels, and only the hospitals in Switzerland and Canada
had strengthened pertinent clauses in their calls for tender requiring
pharmaceutical companies to develop plans to prevent breaks in
the drug supply (i.e., a risk management program).

DISCUSSION

This descriptive study characterized drug shortages in a single
hospital centre in each of 5 countries over a 4-week period in early
2018. According to calculated drug shortage ratios, the shortages
seemed to be most important in the Swiss and Canadian hospitals,
affecting just over 4% of the drugs normally in stock. Shortages
affected between 3% and 4% of drugs normally in stock in the
Belgian and French hospitals (in descending order) and only about
1% of drugs normally in stock in the Spanish hospital. 
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in the other 3 countries. No specific cause could be identified to
explain these differences. At the international level, parallel drug
export within the European Union might explain some of 
the drug shortages. Some countries, including France, have 
introduced legal requirements for wholesalers and pharmaceutical
companies to address drug shortages; in France, these require-
ments include the obligation to implement a management plan
for drug shortages of major interest (e.g., drugs for which 
treatment interruption is likely to be life-threatening) and a 
prohibition on export of any of these drugs.21 Similar measures
are in place in other European countries, such as Spain, where the
Spanish Agency for Medicines and Health Products may adopt
measures to limit excessive export of medicinal products when 

These data seem to confirm the existence of a drug shortage
problem in hospitals in many countries. However, the number of
drug shortages varied by a factor of 3 across the study hospitals,
which may suggest important variability among countries. In
other words, although drug shortages are a global problem, their
importance in particular countries seems disparate. Bochenek and
others4 reported similar data from a survey conducted in 
2017 in 28 countries in Europe and West Asia. Indeed, over the
3 years preceding their study, those authors observed a trend 
toward increasing drug shortages in France and Switzerland, and
decreasing shortages in Belgium and Spain. 

In the study reported here, the numbers of shortages were
higher in the Canadian and Swiss hospitals than in the hospitals

Table 1. Quantitative and Therapeutic Profile of Drug Shortages in a Representative Hospital in Each of 5 Countries

                                                                                                                        Country; No. (%) of Shortages*
Variable                                                                  Canada                     France                  Belgium                   Spain                Switzerland                 Total
                                                                                (n = 84)                    (n = 62)                  (n = 46)                  (n = 28)                  (n = 98)                  (n = 318)
Quantitative profile
No. of drug manufacturers                                 28                         30                      19                       16                           42                       135
with ≥ 1 shortage                                                  
Duration of drug shortage, days†
Mean ± SD                                                  55 ± 61                35 ± 83                51 ± 47               51 ± 63             186 ± 301            91 ± 186
Median (range)                                         32 (0–402)             9 (2–437)           37 (1–263)              25 (0–240)       68 (0–1771)         31 (0–1771)

No. of drug shortages from generic              48   (57)                28  (45)                 4     (9)              12  (43)               33  (34)            125 (39.3)
manufacturers                                                    
No. of shortages involving                             41   (49)                29  (47)               31   (67)              17  (61)               73  (74)            191 (60.1)
parenteral drugs                                                 
Therapeutic class‡
Anti-infective agents                                      15   (18)                18  (29)                 7   (15)                8  (29)               19  (19)               67 (21.1)
Central nervous system agents                      13   (15)                11  (18)                 1     (2)                5  (18)                 6    (6)               36 (11.3)
Cardiovascular drugs                                        7     (8)                  7  (11)                 3     (7)                1    (4)                 8    (8)               26   (8.2)
Antineoplastic agents                                      1     (1)                  6  (10)                 1     (2)                5  (18)               11  (11)               24   (7.5)
Gastrointestinal drugs                                      3     (4)                  0    (0)                 4     (9)                0    (0)                 3    (3)               10   (3.1)
Skin and mucous membrane                           9   (11)                  0    (0)                 4     (9)                4  (14)                 7    (7)               24    (7.5)
preparations                                                   

Hormones                                                        5     (6)                  0    (0)                 6   (13)                2    (7)                 1    (1)               14   (4.4)
Anesthetics, local                                             5     (6)                  2   (3)                 5   (11)                0    (0)                 2    (2)               14   (4.4)
Antihistamines                                                 3     (4)                  1   (2)                 0    (0)                0    (0)                 0    (0)                 4   (1.3)
Autonomic drugs                                             6     (7)                  1    (2)                 1     (2)                1    (4)                 3    (3)               12   (3.8)
Diagnostic agents                                            3     (4)                  0    (0)                 3    (7)                0    (0)                 3    (3)                 9   (2.8)
Electrolytic, caloric, and water                         2     (2)                  4    (6)                 3    (7)                0    (0)                 5    (5)               14   (4.4)
balance agents                                               

Ointments, ophthalmic agents                         3     (4)                  1    (2)                 2    (4)                0    (0)                 3    (3)                 9   (2.8)
Serums, toxoids, vaccines                                 2     (2)                  3   (5)                 0     (0)                0    (0)                 9    (9)               14   (4.4)
Smooth muscle relaxants                                 1     (1)                  0    (0)                 0     (0)                0    (0)                 0    (0)                 1   (0.3)
Vitamins                                                           1     (1)                  0    (0)                 0     (0)                1    (4)                 1    (1)                 3   (0.9)
Radioisotopes                                                  0     (0)                  0    (0)                 0     (0)                1    (4)                 0    (0)                 1   (0.3)
Enzymes                                                           0     (0)                  1    (2)                 0     (0)                0    (0)                 1    (1)                 2   (0.6)
Blood formation and coagulation agents          0     (0)                  1    (2)                 3     (7)                0    (0)                 4    (4)                 8   (2.5)
Blood derivatives                                              0     (0)                  0    (0)                 0     (0)                0    (0)                 1    (1)                 1   (0.3)
Expectorants and cough preparations              0     (0)                  0    (0)                 0     (0)                0    (0)                 1    (1)                 1   (0.3)
Other                                                               5     (6)                  6  (10)                 3     (7)                0    (0)               10  (10)               24   (7.5)
SD = standard deviation.
*Except where indicated otherwise.
†For drugs with an estimated date of return to the market later than February 2, 2018, the end date was arbitrarily defined as February 2, 2018, 
for purposes of calculating the duration of shortage.
‡According to the classification of the American Hospital Formulary Service.
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a drug is the sole product of its kind available on the Spanish 
market.22 Paradoxically, although parallel export restrictions are
enforceable in other countries, they are not applied in Belgium.4

The median duration of drug shortages varied widely in this
study, from 9 days in the French hospital to 68 days in the Swiss
hospital. Given such long-term unavailability, it seems unlikely
that drug shortages could be prevented simply by increasing
stocks. Drug shortages have forced hospitals to develop new 
management strategies (e.g., identification of more than 
1 provider for each drug, delay or deferral of care or procedures,
prioritization of indications for medication therapy). Drug short-
ages thus raise concerns about continuity of care, as well as finan-
cial and ethical issues. Overall, maintenance of sufficient
inventory, development of decision support tools, and optimiza-
tion of inventory management are therefore essential. Indeed,
Russell and others23 showed, through an analytical decision
model, that in times of scarcity, efficiency-based allocation can
lead to treatment for more patients than a “first come, first served”
policy.

In the current study, the number of manufacturers 
implicated in the occurrence of at least 1 drug shortage ranged
from a low of 16 (for the Spanish hospital) to a high of 42 

(for the Swiss hospital). In all but the Belgian hospital, a high 
proportion of generic companies were involved in drug shortages;
however, shortages were not limited to generic companies. The
low profitability of the generics market, particularly in relation to
price reduction and payment caps determined by governments,
can contribute to drug shortages and to reductions in the number
of manufacturers for a given market.24-26 Thus, although a single-
sourcing procurement strategy can save money in the short term,
it may contribute to drug shortages in the long term, by causing
many potential suppliers to exit the market. In Belgium, the low
profitability of generic drugs has led many generic drug companies
to decline participation in tenders, and this trend can be expected
to extend to biosimilars.27,28

More than half of the drug shortages in this study involved
parenteral drugs, similar to data reported from the United States
and several European countries.29,30 Increased regulatory require-
ments (e.g., good manufacturing practices) and controls at 
production sites have probably weakened the current market. 
Indeed, among the known causes of shortage, quality defects and
manufacturing problems represented a total of 2.5% (8/318) 
of the shortages identified in this study. However, this is not a 
coincidence if shortages are affecting mainly drugs with more

Table 2. Drug Shortages by Manufacturer 

                                                                                                                        Country; No. (%) of Shortages*
Manufacturer                                                         Canada                     France                  Belgium                   Spain                Switzerland                 Total
                                                                                (n = 84)                    (n = 62)                  (n = 46)                  (n = 28)                  (n = 98)                  (n = 318)
Accord Healthcare                                           0     (0)                  2    (3)                 0     (0)                2     (7)                 0     (0)                 4   (1.3)
Apotex                                                             8   (10)                  0    (0)                 0     (0)                0     (0)                 0     (0)                 8   (2.5)
Arrow Pharmaceuticals                                    0     (0)                  5    (8)                 0     (0)                0     (0)                 0     (0)                 5    (1.6)
Aspen Pharmacare                                           4     (5)                  2    (3)                 0     (0)                0     (0)                 4     (4)               10    (3.1)
B. Braun                                                           0     (0)                  1    (2)                 4     (9)                0     (0)                 3     (3)                 8    (2.5)
Baxter                                                              1     (1)                  0    (0)                 0     (0)                0     (0)                 1     (1)                 2    (0.6)
Bayer                                                                0     (0)                  1    (2)                 0     (0)                1     (4)                 4     (4)                 6    (1.9)
Bristol-Myers Squibb                                        0     (0)                  1    (2)                 0     (0)                0     (0)                 2     (2)                 3    (0.9)
Fresenius Medical Care                                    1     (1)                  0    (0)                 0     (0)                0     (0)                 5     (5)                 6    (1.9)
GSK                                                                 3     (4)                  2    (3)                 1     (2)                2    (7)                 8    (8)               16   (5.0)
Hospira                                                            0     (0)                  1    (2)                 0     (0)                1    (4)                 0     (0)                 2   (0.6)
Janssen Pharmaceutical                                    0     (0)                  1   (2)                 1     (2)                0     (0)                 0     (0)                 2   (0.6)
Kern Pharma                                                    0     (0)                  0    (0)                 0     (0)                2    (7)                 0     (0)                 2   (0.6)
Meda Pharmaceuticals                                     0     (0)                  0    (0)                 3     (7)                0     (0)                 0     (0)                 3   (0.9)
Merck & Co                                                     0     (0)                  0    (0)                 0     (0)                1    (4)                 1    (1)                 2   (0.6)
MSD                                                                0     (0)                  4    (6)                 8   (17)                0     (0)                 8    (8)               20   (6.3)
Mylan                                                              1     (1)                11  (18)                 5   (11)                2     (7)                 0     (0)               19   (6.0)
NextPharma                                                     0     (0)                  0    (0)                 0     (0)                0     (0)                 5    (5)                 5   (1.6)
Novartis                                                            1     (1)                  1    (2)                 1     (2)                0     (0)                 2    (2)                 5   (1.6)
O&M Movianto                                                0     (0)                  0    (0)                 6  (13)                0     (0)                 2    (2)                 8   (2.5)
Pfizer                                                              15   (18)                  2    (3)                 3     (7)                6  (21)                 5    (5)               31   (9.7)
Pharmascience                                               10   (12)                  0    (0)                 0     (0)                0     (0)                 0     (0)               10   (3.1)
Sandoz                                                             6     (7)                  3    (5)                 2     (4)                0     (0)                 1    (1)               12   (3.8)
Sanofi                                                              1     (1)                  5    (8)                 2     (4)                3  (11)                 8    (8)               19   (6.0)
Stiefel Laboratories                                           0     (0)                  0    (0)                 0     (0)                2    (7)                 0     (0)                 2   (0.6)
Teva Pharmaceutical Industries                         9   (11)                  3   (5)                 0     (0)                2    (7)                 0     (0)               14   (4.4)
Other                                                             24  (29)                17 (27)               10   (22)                4  (14)               39  (40)               94 (29.6)
*A value of zero indicates that either the company did not hold a contract with the particular study hospital or the company had no shortages with
the hospital during the study period.
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Table 3. Qualitative Profile of Drug Shortages in Each Hospital 

                                                                                                                         Country; No. (%) of Shortages
Variable                                                                  Canada                     France                  Belgium                   Spain                Switzerland                 Total
                                                                                (n = 84)                    (n = 62)                  (n = 46)                  (n = 28)                  (n = 98)                  (n = 318)
Data source used to identify drug shortages
Wholesaler                                                     82   (98)                60  (97)                 0     (0)                2    (7)                 0    (0)            144 (45.3)
Manufacturer                                                   2     (2)                  0   (0)               46 (100)              25  (89)               98 (100)            171 (53.8)
Website                                                            0     (0)                  0   (0)                 0     (0)                0    (0)                 0    (0)                 0   (0.0)
Drug regulatory authorities                              0     (0)                  2    (3)                 0     (0)                1    (4)                 0    (0)                 3   (0.9)
Other institutions                                             0     (0)                  0    (0)                 0     (0)                0    (0)                 0    (0)                 0   (0.0)
Other                                                               0     (0)                  0    (0)                 0     (0)                0    (0)                 0    (0)                 0   (0.0)
Cause of shortage
Shortage of raw material                                 0     (0)                  1    (2)                 0    (0)                2    (7)                 2    (2)                 5   (1.6)
Manufacturing problem                                   0     (0)                  2    (3)                 4    (9)                0    (0)                 0    (0)                 6   (1.9)
Quality defect                                                  0     (0)                  0    (0)                 1    (2)                0    (0)                 1    (1)                 2   (0.6)
Increasing demand                                        54   (64)                  0   (0)                 0     (0)                0    (0)                 9    (9)               63 (19.8)
Product discontinued                                       4     (5)                  0   (0)                 0     (0)                1    (4)                 0    (0)                 5   (1.6)
Natural disaster or other incident                     0     (0)                  0    (0)                 0     (0)                0    (0)                 1    (1)                 1   (0.3)
Unknown                                                       26   (31)                59  (95)               40   (87)              25  (89)               85  (87)            235 (73.9)
Other                                                               0     (0)                  0    (0)                 1     (2)                0    (0)                 0    (0)                 1   (0.3)
Presence of national directive or regulation for managing shortage*
Yes                                                                   0     (0)                  2    (3)                 0     (0)              10  (36)                 1    (1)               13   (4.1)
No                                                                 84 (100)                60  (97)               46 (100)              18  (64)               97  (99)            305 (95.9)
Personnel in charge of managing shortage†
Pharmacist                                                       2     (2)                  7  (11)               46 (100)                6  (21)               98 (100)            159 (50.0)
Pharmacy technicians                                       5     (6)                55  (89)                 0     (0)                0    (0)                 0    (0)               60 (18.9)
Administrative personnel or management      77   (92)                  0    (0)                 0    (0)              20  (71)                 0    (0)               97 (30.5)
Other                                                               0      0)                  0    (0)                 0     (0)                0    (0)                 0    (0)                 0   (0.0)
Unknown                                                        0     (0)                  0   (0)                 0    (0)                2    (7)                 0    (0)                 2   (0.6)
Estimated time spent on managing shortage
< 15 min                                                        57   (68)                55  (89)                 0     (0)                5  (18)                 0    (0)            117 (36.8)
15–30 min                                                     16   (19)                  0    (0)               46 (100)                5  (18)                 0    (0)               67 (21.1)
31–60 min                                                       0     (0)                  2    (3)                 0     (0)                6  (21)               85  (87)               93  (29.2)
61–120 min                                                     0     (0)                  0    (0)                 0     (0)                1    (4)                 7    (7)                 8   (2.5)
> 120 min                                                        3     (4)                  5    (8)                 0    (0)                6  (21)                 6    (6)               20   (6.3)
Unknown                                                         8   (10)                  0   (0)                 0     (0)                5  (18)                 0    (0)               13   (4.1)
Actions implemented during shortage
Used product still in stock‡                            30   (36)                53  (85)                 5   (11)                1    (4)                 4    (4)               93 (29.2)
Obtained drug from another                           0     (0)                  0    (0)                 0    (0)                0    (0)                 0    (0)                 0   (0.0)
health facility                                                      
Obtained drug from another supplier            21   (25)                  0    (0)                 4     (9)                2    (7)                 0  (00)               27   (8.5)
Used another product                                    11   (13)                  0    (0)               37   (80)              17  (61)               75  (77)            140 (44.0)
Imported drug from another country               0     (0)                  2    (3)                 0     (0)                3  (11)               13  (13)               18   (5.7)
Modified practices of the health facility         10   (12)                  5    (8)                 0    (0)                1    (4)                 1    (1)               17   (5.3) 
Other                                                               2     (2)                  0    (0)                 0    (0)                3  (11)                 5    (5)               10   (3.1)
Unknown                                                       10   (12)                  2    (3)                   NA                     1    (4)                   NA                   13   (4.1)
NA = not applicable.
*Depending on the type of drug in short supply, the drug regulatory authorities may or may not issue recommendations to ensure patient safety
during the shortage.
†The person managing a shortage may differ according to the type of drug in shortage or the reason for the shortage; for example, some actions
implemented during a shortage may require the skills of a pharmacist.
‡Health facilities usually have a stock of about 2 weeks for the main drugs used. Therefore, when a drug is in short supply at the manufacturer,
it may take a few days or a week before the hospital’s stock declines to zero. Sometimes, however, the stock is insufficient to meet needs during 
a manufacturer’s shortage, and other actions must be implemented.

complex and costly manufacturing processes and low profit 
margins. Shortages of different drugs do not carry the same risk
of medication incidents, and we believe that shortages of 
parenteral drugs are generally more critical. Indeed, the size of the

market and the limited number of competitors often result in 
single-source drug production for an entire country. In contrast
to the situation in Canada, membership in the European Union
and the greater population density of European countries may
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promote competition and increase the number of alternatives
available in national markets in Europe. We might therefore 
question the role of the European Union in the occurrence and
prevention of drug shortages. Fostering trade between countries
and importing products from abroad would probably mitigate
the impact and consequences of drug shortages. Paradoxically,
current measures, especially those in European countries, tend to
limit exchanges of products to protect each country’s population
from the health risks associated with drug shortages. In addition,
Health Canada allows, by exception, the importation of drugs
without market authorization when required on an urgent basis.31

The same is true in Switzerland and Belgium, where, in the event
of a stock-out situation, the holder of market authorization must
apply to market a foreign drug for a limited period.32-34

Many causes of shortages have been identified in the 
literature.35-37 However, the causes are usually unknown, as was
the case for 73.9% of the shortages in our study. This result points
to a substantial lack of transparency in the pharmaceutical industry.
For instance, pharmaceutical companies are not required to 
disclose the production sites of drugs. As a result, it can be difficult
to anticipate shortages of specific drugs when a single plant is 
facing manufacturing issues, and it is correspondingly difficult for
pharmacists to guard against drug shortages in their daily practice.
Although shortages differ in terms of their importance and 
the associated risks for patients, each shortage represents admin-
istrative and pharmaceutical concerns that will increase workload
for the entire staff of an institution and will similarly increase the
risk of errors.

Participants in this study generally spent no more than 
30 min managing each shortage (57.9% of cases) because they
had another locally available solution (e.g., some product still in
stock, an alternative option readily available). Thus, management
of only 6.3% of the drug shortages identified required more than
120 min; in these cases, more complex actions were needed, such
as modification of the hospital’s practices or importation of 
products from abroad. De Weerdt and others38 investigated the
time spent by Belgian hospital pharmacists on supply problems
and drug shortages. They found that the median time spent 
on drug supply problems was 109 min/week (minimum 
40 min/week, maximum 216 min/week). With an average of 
7 new drug shortages per week in the facilities in our study, each
requiring 15 to 30 min of time, our results are therefore of the
same order of magnitude (total weekly time 105 to 210 min). 

This study has highlighted a substantial disparity in drug
shortages among hospitals in different countries. In the face of
this problematic situation, the government, regulatory authorities,
and health care professionals in each country have set up their
own tools to prevent and manage drug shortages. 

Comparisons across different countries should allow hospitals
and pharmacists to learn from experiences elsewhere, and the
value of such comparisons should not be underestimated. In 

addition, establishing effective communication networks and 
creating ongoing collaborative relationships among all stakehold-
ers, including the pharmaceutical industry, would enable proactive
action.

This study had some limitations. It was a descriptive study
based on data from a single hospital in each country. As such, it
described shortages at the facility level, and the data may not be
representative of shortages at the national level. In fact, a previous
comparison of drug shortages in Canada and France showed that
a greater number of shortages were officially reported in Canada
than in France at the national level, but the numbers of shortages
were similar at the level of individual institutions.20 During the
period of the current study (early 2018), the numbers of drug
shortages reported on national drug shortage reporting sites were
2165 in Canada,39 827 in Belgium,40 261 in Spain,41 126 in
France,42 and only 28 in Switzerland.43 However, these official
data should be interpreted with caution because reporting meth-
ods vary among these countries. For example, in Belgium, only
temporary nonavailability of drugs over 14 days must be declared.
In France, the website of the Agence nationale de sécurité des
médicaments et des produits de santé reports only shortages of
drugs of major therapeutic interest. In Switzerland, reporting of
drug shortages is mandatory only for a limited number of critical
drugs. In Canada, shortages reported at the drug shortage website
theoretically include all known drug shortages; however, declara-
tions are made by the manufacturers themselves, who are free to
update the data at any time. In Spain, shortages are declared 
by health authorities of the autonomous communities (first-level
political/administrative divisions within the country’s constitu-
tional structure), when detected by these bodies, or by the holders
of drug marketing authorizations. However, it is likely that the
true number of drug shortages differs among the countries 
included in this study, regardless of the specified declaration 
requirements. 

Data were collected over a short period (about 1 month). 
A longitudinal study, extending over a period of at least 1 year,
could increase the robustness of the results but would be 
time-consuming. Nonetheless, participants in the current study
considered the reported data as being representative of current
practice in their respective institutions. The study did not assess
the criticality of identified drug shortages. Not all shortages have
the same importance, nor do they carry the same risks for patients;
however, each shortage does affect the quality of care, the work-
load of health care professionals, and the financial burden on the
institution. Some previous studies have looked at the clinical 
consequences of shortages. For example, Stockwell35 established
a link between a shortage of norepinephrine in the United States
in 2011 and rates of death from septic shock in relation to 
the therapeutic alternatives used: across the 27 835 patients in 
26 hospitals with a norepinephrine shortage lasting at least 
3 months, there was a significant 4% increase in deaths from 
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septic shock related to shortage of this drug. Drug shortages also
have a notable financial impact on health care systems. Alevizakos
and others44 investigated price changes for drugs affected by 
shortages in the United States between 2005 and 2016 and found
a significant increase in prices after a period of shortage. Therefore,
drug shortages might have a cascading effect, including price 
increases and shortages of alternative drugs. The daily manage-
ment of drug shortages thus requires mobilization of substantial
human and financial resources to minimize the impact of shortages
on the quality and safety of care.

CONCLUSION

This descriptive study identified a large number of shortages
in 1 representative hospital in each of 5 different countries in early
2018. Further studies are required to better describe the current
status of drug shortages in these countries. This study highlights
the need to focus on this situation, to involve all stakeholders 
in efforts to prevent and address drug shortages, and to foster 
international collaboration on this problem. 
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