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Purpose. Recommendations of the inter-
disciplinary Safe Medication Use Expert
Committee of the United States Pharma-
copeia (USP) to assist health care profes-
sionals, manufacturers, and organizations
in handling neuromuscular blocking
agents (NMBAs) safely and effectively are
discussed.
Summary. Review and analysis of the USP
Medication Errors Reporting Program and
MEDMARX program databases showed a
continuing risk of patient harm or death
due to errors with NMBAs. Medication er-
rors involving wrong concentrations,
wrong doses, wrong drugs, look-alike pack-
aging, and sound-alike names, combined
with lack of monitoring and communica-
tion, have been associated with the use of
NMBAs in health care institutions. Serious

adverse events occur when NMBAs are
used without adequate safeguards. Rec-
ommendations for improving safety were
developed through review and discussion
of root causes and areas of concern with
these medications.
Conclusion. Medical errors with NMBAs
continue to result in patient morbidity and
mortality. Increased awareness and action
on the part of all parties involved are need-
ed to improve the safety of this class of
medications.

Index terms: Concentration; Death; Dos-
age; Errors, medication; Hospitals; No-
menclature; Packaging; Reports; Skeletal
muscle relaxants; Toxicity; United States
Pharmacopeia
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T he United States Pharmacopeia
(USP) is a volunteer-based, not-
for-profit organization whose

mission is to promote the public
health by establishing and dissemi-
nating officially recognized stan-
dards of quality and authoritative in-
formation for the use of medicines
and related articles for professionals,
patients, and consumers. As one of
USP’s 62 expert committees in the
Council of Experts, the USP Safe
Medication Use Expert Committee
has taken on many activities to im-
prove patient safety with regard to
the use of medicines. A key area of
focus has been neuromuscular
blocking agents (NMBAs) (Table 1),
which can be associated with severe
patient harm and death.

NMBAs
NMBAs, also known as paralyzing

agents, are considered high-alert
medications (those with the highest

risk of causing injury with misuse),
because inadvertent use in patients
not receiving ventilatory assistance
can lead to respiratory arrest, perma-

nent harm, or death. To minimize
this risk, the Safe Medication Use Ex-
pert Committee developed the fol-
lowing general recommendations:
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• Manufacturers should use drug
packaging, labeling, and nomencla-
ture conventions to clearly and readily
differentiate NMBAs from other
medications.

• Hospitals, clinics, and other practice
sites should institute special safe-
guards in the storage, labeling, and
use of these agents and should in-
clude these safeguards in staff orien-
tation and competency training.

• Health professionals should be on
high alert (especially vigilant) when-
ever an NMBA is stocked, ordered,
prepared, or administered.

While basic medication safety
practices must be used and rein-
forced for all medications, this is es-
pecially true for high-alert medica-
tions such as NMBAs.

Problems with the use of NMBAs
NMBAs have been mistakenly ad-

ministered in place of vaccines, anti-
biotics, and intravenous flush solu-
tions. Storage and use of these agents
outside the operating room (OR),
pharmacy, and critical care areas in-
crease the opportunity for errors.
Look-alike packaging and labeling is
not only an issue with manufacturer-
supplied vials. Because of the similar
appearance and labeling of institu-
tionally prepared syringes and infu-
sion bags, there is a risk of mistakenly
administering NMBAs instead of

other sterile compounded medica-
tions. Even when patients are receiv-
ing mechanical ventilation and
NMBAs are indicated, this use can be
problematic. Critical care patients
may have difficulty being weaned
from the ventilator or may incur
long-term sequelae because of the
NMBA dose or duration of therapy.
Drug–drug interactions can also be a
problem. In addition, pain and anxi-
ety may be inadequately treated be-
cause of the difficulty of recogniz-
ing these symptoms in paralyzed
patients.

Medication error reports submitted
to MEDMARX, USP’s proprietary
anonymous national medication
error-reporting database (a sub-
scription service with over 750
participating facilities), and the
USP–Institute for Safe Medication
Practices (ISMP) Medication Errors
Reporting (MER) program (confi-
dential, spontaneous, and practition-
er based) illustrate the harm or high
potential for harm that can result
from NMBAs. Over the years, MER
reports that are shared with ISMP
have become the basis of recommen-
dations made by the institute.1,2

Reports have included examples
of the following types of errors: (1)
an incorrect concentration of an
NMBA being dispensed or placed in
an automated dispensing machine,
leading to a wrong dose, (2) an

NMBA being administered via a
hand-labeled or unlabeled syringe
when another medication was in-
tended, (3) an NMBA being adminis-
tered when a different medication in
a similar-looking vial or infusion bag
was intended, (4) an NMBA being
administered when a different medi-
cation with a sound-alike or look-
alike name was intended, (5) an
NMBA being administered without
appropriate monitoring for effect,
and (6) an NMBA being adminis-
tered despite a physician’s order
(oral or written) to withhold the dose
or discontinue the medication.

Contribution of manufacturer
packaging and labeling to error re-
duction. USP and ISMP have advo-
cated manufacturer labeling and
packaging standards for NMBAs
with the hope that an FDA standard
requirement for all products in this
class could reduce fatalities and seri-
ous injuries due to unintended ad-
ministration. Practitioner input
through a survey of health profes-
sionals,3 as well as feedback from
manufacturers, was solicited in the
process of developing revised stan-
dards for NMBAs that could reduce
the risk of medication errors.

The May–June 2003 Pharmacope-
ial Forum, USP’s public-comment
document for standards, contains a
proposal—becoming official on Oc-
tober 1, 2005—that the ferrules and
overseals of NMBA products contain
the alert “Warning—Paralyzing
Agent” if enough room permits, or at
least “Paralyzing Agent.”4 A contrast-
ing color should be used for the
warning, either black or white,
whichever provides the best contrast.
To truly differentiate NMBAs from
other medications, however, all man-
ufacturers and distributors need to
institute standardized labeling, stan-
dardized packaging, and distinctive
shapes for these products.

Effect of provider awareness and
organizational action on adverse
outcomes. Actions by individual
manufacturers are only part of the

aConcentration expressed in terms of the drug base.

Dosage Strength(s) Available

Table 1.
Neuromuscular Blocking Agents Marketed in the United States

10 mg/mL (5 and 10 mL)
2 mg/mLa (5 and 10 mL),  10

mg/mLa (20 mL)
1 mg/mL (5 mL)
2 mg/mLa (5, 10, 20, and 50 mL)
1 mg/mL (10 mL), 2 mg/mL (2

and 5 mL)
10 mg/mL (5 and 10 mL)
20 mg/mL (5 and 10 mL),
50 mg/mL (10 mL), 100 mg/mL

(10 mL)
10-mg vial

Tracrium (Hospira)
Nimbex (GlaxoSmithKline)

Nuromax (Hospira)
Mivacron (Hospira)
Formerly Pavulon (Organon)

Zemuron (Organon)
Anectin (GlaxoSmithKline)

Quelicin (Hospira)

Norcuron (Organon)

Atracurium besylate
Cisatracurium besylate

Doxacurium chloride
Mivacurium chloride
Pancuronium bromide

Rocuronium bromide
Succinylcholine chloride

Vecuronium bromide

Generic Name
Brand Name(s)
(Manufacturer)
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solution to improving the safety of
NMBAs. Pharmacists, physicians,
nurses, and other hospital staff must
also implement system changes to
ensure safe storage, access, distribu-
tion, labeling, and optimal therapeu-
tic use of NMBAs. USP’s Safe Medi-
cation Use Expert Committee, after
reviewing potential and reported
failure points in the medication-use
process, offers health care practi-
tioners and institutions the following
recommendations to reduce the risk
of errors.

Formulary management and prod-
uct selection.

• Procurement managers should pref-
erentially select commercial products
that have distinctive labeling and
packaging to differentiate these
products.

• As part of the competitive bidding
process, procurement managers
should evaluate product labeling and
avoid purchasing NMBAs with simi-
lar trade dress or an appearance simi-
lar to that of other medications that
will be used in the institution.

• Pharmacy and therapeutics commit-
tees should conduct a failure-mode
and effects analysis5 on all new high-
alert medications, including NMBAs,
before they are added to the formulary.

Product storage.

• Hospital and other personnel should
store NMBAs separately from other
medications.

• Hospital and other personnel should
limit the availability of NMBAs to the
pharmacy and patient care areas that
routinely care for mechanically venti-
lated patients.

• Hospital and other personnel should
carefully scrutinize (e.g., by conduct-
ing a failure-mode and effects analy-
sis) any perceived need to store
NMBAs in settings where mechanical
ventilation is used occasionally or
only emergently, such as emergency
departments, procedure and clinic ar-
eas, and general nursing units.

Limiting or controlling access (re-
stricting availability).

• Practitioners should use sealed “intu-
bation kits” or “anesthesia kits” in ar-
eas outside of the OR to restrict access
to paralyzing agents until an intuba-
tion procedure has begun.

• Practitioners should immediately dis-
card open vials of NMBAs or ensure
that the vials are returned to an intu-
bation kit or special storage area after
use.

• Practitioners should not dispense
NMBAs in unit dose medication carts
or send NMBAs to a general nursing
unit outside a sealed kit.

• When NMBAs are stored in automat-
ed dispensing machines, practitioners
should use an isolated drawer (single-
item access) rather than a drawer that
allows access to multiple products,
including nonparalyzing agents. They
should consider the use of an on-
screen warning prior to removal of an
NMBA from an automated dispens-
ing machine.

• Practitioners should consider sepa-
rate locked storage for refrigerated
NMBAs. If this is not possible, a box
or other means of sequestering these
products should be designed.

Use of overwraps and auxiliary
labeling.

• All institutionally prepared syringes
or infusion containers of NMBAs
should contain a clearly visible,
brightly colored alert stating, “Warn-
ing: Paralyzing Agent (Use Requires
Mechanical Ventilatory Assistance).”

• Overwraps should be considered for
individual vials of NMBAs stored
outside the pharmacy or the anesthe-
sia area. An overwrap can be particu-
larly beneficial if these agents are
stored in a refrigerator.

• Medications in unlabeled syringes
should not be administered to
patients. Preprinted syringe labels—
either commercially available or insti-
tutionally generated—should be af-
fixed to syringes of NMBAs when the

medication is drawn up, unless the
dose will be administered immediately
(i.e., in an emergency), without set-
ting the syringe down.

Implementing and monitoring
guidelines for NMBAs.

• Practitioners should ensure that pa-
tient selection, dosing, monitoring,
and weaning of NMBAs are consis-
tent with the current evidence and
national practice guidelines.6,7 Practi-
tioners should prescribe adequate se-
dation along with pain relief, with-
out paralysis whenever feasible, for
mechanically ventilated critical
care patients.

• NMBAs should not be administered
in the critical care setting (for reasons
other than placement of an endotra-
cheal tube) without concurrently
medicating the patient for pain or
anxiety, despite the lack of obvious
symptoms or signs.

• Practitioners should monitor the
depth of neuromuscular blockade to
allow use of the lowest NMBA dose
and potentially minimize adverse
effects.

Ordering practices.

• Practitioners should automatically
discontinue all orders for NMBAs
when the patient is transferred out of
the critical care area. These orders
should also be limited to the duration
of mechanical ventilation.

• NMBAs should never be used “p.r.n.
for agitation” or referred to as muscle
relaxants.

Use of bedside verification and
smart-pump technology.

• Hospital personnel should use tech-
nology for improving accuracy, such
as bar-code readers to verify product
and patient identity before adminis-
tration. Programmable infusion de-
vices now offer customized settings
that meet a hospital’s guidelines of se-
lected drug dosages for specific pa-
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tient types and specialized clinical
care areas. Patient safety features are
the factors that most often distin-
guish one pump from another. A so-
called smart pump is an intravenous
pump that is programmed to sound
an alarm if it is set for other than a
recommended dose and rate based on
individual patient variables.

Focused education and practitioner
credentialing.

• Professionals who administer medi-
cations in the anesthesia area or OR,
critical care area, and emergency
department should receive special
education and training on the safe
handling and dosing of NMBAs (rec-
ognizing that use of these agents is
not routine for nonanesthesiologists).

• Health care organizations, in con-
junction with the medical staff,
should outline credentialing and privi-
leging requirements for providers pre-
scribing and administering NMBAs
and consider placing all NMBAs in a

formulary category to limit prescrib-
ing to those with the experience and
qualifications necessary to use these
high-risk medications safely.

• Nurses and other professionals who
administer medications outside the
OR or critical care setting should be
trained to recognize NMBAs and to
know their mechanisms of action and
associated risks.

Conclusion
Medical errors involving NMBAs

continue to result in patient morbid-
ity and mortality. Increased aware-
ness and action on the part of all
parties involved—manufacturers
and suppliers, purchasers, and all
practitioners involved in the entire
medication-use process—are needed
to improve the safety of this class of
medications.
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