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Severe and long-standing prescription-drug 
shortages have become a major threat to public 
health and patient safety.1 Despite increased 

awareness and mitigation strategies, the United 

States has experienced shortages 
of many lifesaving drugs and 
other supplies essential to pa-
tient care. There was already a 
shortage of saline solution, for 
example, when Hurricane Maria 
devastated Puerto Rico, home to 
a key saline manufacturer, caus-
ing the problem to reach critical 
levels.2

Saline is an inexpensive prod-
uct — it’s simply salt water — 
but proper manufacturing prac-
tices are required to keep it 
sterile, pyrogen-free, and free 
from particulate matter. Produc-
tion demands are challenging, 
since very large quantities are 
needed: more than 40 million 
bags per month. Saline is re-
quired for virtually all hospital-
ized patients, whether as a com-

ponent of a medication infusion 
or as a hydration, resuscitation, or 
irrigation fluid.2 Unfortunately, 
shortages of saline have become 
commonplace in recent years (see 
table).

Most drug shortages occur with 
older, generic, injectable medica-
tions that are produced by a 
small number of suppliers — 
typically three or fewer. The 
United States gets its saline from 
just three companies: Baxter Inter-
national, B. Braun Medical, and 
ICU Medical. Most shortages are 
caused by a quality or production 
problem at the manufacturing fa-
cility — causes that apply to the 
current saline shortage as well.2,3 
In addition, when one supplier 
experiences a shortage, other sup-
pliers often have insufficient man-

ufacturing capacity to make up 
the difference. Drug manufactur-
ers are not required to have redun-
dancy in their facilities or even a 
business contingency plan in case 
of a disaster, no matter how es-
sential or lifesaving the medica-
tion they are producing.1

The shortage of small-volume 
saline bags (250 ml or less) be-
came dire almost immediately 
after Baxter’s Puerto Rico manu-
facturing plant was hit by Hurri-
cane Maria.2 Baxter supplies ap-
proximately 50% of U.S. hospitals 
with this product, which is used 
as a diluent to deliver a variety 
of parenteral medications. Despite 
this tremendous need, Baxter has 
no redundancy in manufacturing 
capacity for small-volume saline 
bags. The other two saline sup-
pliers have not been able to in-
crease their production enough 
to make up for the shortage.2,3 In 
fact, saline produced by B. Braun 
was already in short supply before 
the hurricane, as the company 
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worked to correct manufacturing-
quality problems.3

The saline shortage had ac-
tually begun in 2014, affecting 
large- as well as small-volume 
products.4 Large-volume saline 
products (>500 ml) are typically 
used as maintenance or resusci-
tation f luids or for irrigation. 
Although some shortages of large-
volume saline solutions are attrib-
utable to problems at manufactur-
ing facilities, increased demand 
for intravenous fluids due to a 
severe influenza season has also 
contributed to the current short 
supply.2

Saline shortages can affect pa-
tient care in various ways. Medi-
cation errors and adverse drug 
events can result when medica-
tions that are typically adminis-
tered as short infusions are given 
by intravenous push or when pro-
viders choose less familiar but 
more readily available products 
as substitutes. Increased ad hoc 
compounding of drugs may re-
sult in dilution errors or micro-
bial contamination.3,4

Fixing the problem is difficult 
and requires a multifaceted ap-
proach entailing both focusing 
on current shortages and work-

ing to prevent future ones. Nei-
ther Congress nor the Food and 
Drug Administration (FDA) can 
force any manufacturer to pro-
duce a medication, no matter 
how lifesaving the product or how 
critical the need. Incentives such 
as accelerated approval for an-
other product or tax relief for 
funding facility repairs may help 
reduce shortages, yet these incen-
tives may have the unintended 
consequence of precipitating more 
shortages if companies value the 
incentives more than current prof-
its. Alternatively, moving forward, 
the Department of Homeland Se-
curity could mandate that saline 
be considered part of the essen-
tial infrastructure, which would 
require the relevant companies to 
develop business continuity plans, 
although implementing manufac-
turing redundancies would be 
costly and require significant time.

The FDA’s Good Manufactur-
ing Practice rules require a mini-
mum level of quality, yet short-
ages continue to occur because 
of poor conditions at manufac-
turing facilities. It is costly and 
time consuming to bring facili-
ties up to standard, and the pro-
cess of doing so can interrupt 

the supply chain. Since drug com-
panies are not required to dis-
close the identity or location of 
the manufacturer that produces a 
drug,1 a complete list of medica-
tions affected by Hurricane Maria 
is available only to the FDA and 
not to clinicians who need to plan 
for patient care. Woodcock and 
Wosinska have argued that poor 
quality is due to a lack of trans-
parency regarding which com-
pany actually makes a product, 
because without such transpar-
ency clinicians cannot purchase 
drugs and supplies on the basis 
of quality.1

Changing the transparency re-
quirements and mandating man-
ufacturing redundancies may not 
change the course of the current 
saline shortage, but they are im-
portant actions for preventing fu-
ture shortages. In response to the 
current shortage, the FDA has 
recently approved saline products 
from two additional manufactur-
ers; however, there is a lag time 
between approval and the arrival 
of these products on the market. 
The newly approved products may 
also cost more than the currently 
available ones, since most orga-
nizations purchase their saline in 
a bundle that also includes tubing, 
pumps, and other accessories.

Importation of products can 
help in some cases. In response 
to the current saline shortage, the 
FDA has permitted manufactur-
ers to import saline from their 
facilities in other countries, such 
as Brazil.2 Importation is usually 
a temporary measure, because the 
FDA generally cannot find a 
company with sufficient foreign 
supplies to share with the U.S. 
market without creating a short-
age in the country providing the 
import. When it comes to saline, 
logistics make it impractical to 

Product
Date Shortage  

Began
Date Shortage  

Resolved Reason for Shortage

0.9% Sodium chloride, 
small-volume bags

5/24/2007 7/25/2008 Supply unable to meet 
 demand

0.9% Sodium chloride, 
large-volume bags

1/28/2013 Not yet resolved Manufacturing delays

0.9% Sodium chloride  
for irrigation

8/12/2014 9/25/2015 Manufacturing problems

0.9% Sodium chloride  
for irrigation

11/9/2016 Not yet resolved Manufacturing delays

0.9% Sodium chloride, 
small-volume bags

8/25/2017 Not yet resolved Manufacturing delays due 
to Hurricane Maria

*  The reasons for shortages are as determined by the University of Utah Drug Information Service. 
Drug-shortage information is available at www.ashp.org/shortages.

History of Saline Shortages in the United States.*
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import products for long periods: 
saline is heavy and bulky, making 
air transport costly and shipment 
periods lengthy. The FDA has 
also permitted extension of prod-
uct expiration dates when that 
can be done safely. And Baxter’s 
facility in Puerto Rico is expected 
to be functioning again in the 
near future, which will help to 
ameliorate the current shortage.2

In the meantime, the saline 
shortage has required clinicians 
to use a number of work-arounds 
that consume valuable resources 
and increase health care costs.3,4 
Supplies may need to be reserved 
for the sickest patients, and pro-
viders require an ethical frame-
work for rationing products,4 while 
pharmacy staff closely monitor 
inventory. Some medications now 
have to be administered as direct 
injections over several minutes, 
which increases the time nurses 
must spend with each patient. 
Some institutions have switched 
to syringe pumps or use Buretrol 
(Baxter) infusion devices (which 
hold small quantities of f luids) 
to deliver medications. Hospitals 
are also using more expensive pre-
mixed products and are chang-

ing the concentration of some 
medications so they can be mixed 
in larger volumes, when small-
volume bags are unavailable. Mak-
ing such changes requires sub-
stantial informatics resources, 
because the ordering platform in 
the electronic health record must 
be altered.4,5 To conserve large-
volume saline bags, oral hydra-
tion is recommended when pos-
sible. For patients who cannot 
take oral f luids or who require 
aggressive resuscitation, alterna-
tive crystalloid solutions may be 
considered. During shortages of 
large-volume saline irrigation solu-
tion, sterile water or even tap 
water may be substituted when 
appropriate.4

The current shortage of saline 
solutions demonstrates the pro-
found effects that drug shortages 
can have on patient care. It is an-
ticipated that the situation will 
improve in the United States in 
the coming weeks to months, 
although hospitals will continue 
to face shortages of other basic 
products. In the meantime, a mul-
tifaceted approach will be needed 
to ensure that patients safely get 
the medications they need.
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