
Some computerized physician order
entry systems are limited, study shows
Adverse drug events still were high in the decision-support area

Researchers examining adverse drug events (ADEs) at a Veterans
Affairs (VA) Hospital in Salt Lake City found surprising results.
The computerized physician order entry (CPOE) system had

reduced ADEs in some areas, but the rates were higher than expected in
decision support. The results were published in the May 23 issue of the
Archives of Internal Medicine.

The VA’s CPOE system had been implemented in phases on the hos-
pital units between 1998 and the early part of 2000, says Jennifer M.
Hoffman, PharmD, a health science specialist at the VA and one of the
researchers. Their system checked for allergies, many drug-drug inter-
actions, and limited drug-disease interactions. However, it did not
offer drug selection, dosing, or monitoring advice. Bar code medica-
tion administration also was active in most units and covered 81% of
the study patient-days.

The researchers originally wanted to find a baseline ADE count for all
hospitals so they could do an intervention and determine afterward if
they had decreased the number of ADEs in the clinical setting. “It turns
out that none of the literature agrees on how many ADEs there are at
any hospital,” she says.

Instead the researchers decided to figure out their own baseline and
where the intervention would best fit. For the study, Hoffman and
another pharmacist classified inpatient ADEs from prospective daily
reviews of electronic medical records from a random sample of all
admissions during a 20-week period at the hospital in late 2000. The
ADEs that were analyzed required a change in treatment plan.

The ADEs were more and different than Hoffman had expected. “A
lot of studies have been out with a whole range of ADE incidents in all
sorts of settings,” she says. “What we had previously seen in the litera-
ture was different than [our findings], not just the numbers but the
places they were occurring in the hospital, [too].

Among 937 hospital admissions, 483 clinically significant inpatient
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ADEs were identified. One quarter of the hospi-
talizations had at least one ADE. Of all ADEs, 9%
resulted in serious harm, 22% in additional moni-
toring and interventions, 32% in interventions
alone, and 11% in monitoring alone; 27% should
have resulted in additional interventions or moni-
toring. Medication errors contributed to 27% 
of these ADEs. Errors associated with ADEs
occurred in the following stages: 61% ordering,
25% monitoring, 13% administration, 1% dispens-
ing, and 0% transcription. The medical record
reflected recognition of 76% of the ADEs.

The researchers did note, however, that the
higher number of ADEs found was likely facili-
tated by legible and accessible electronic data, iter-
ative case review, and use of clinical pharmacists.

“The computerized system that we have is fan-
tastic for what it is designed to do,” Hoffman

says. For example, no transcription errors were
found. However, the system did not have deci-
sion-support functions, resulting in more errors
found in these areas.

The study findings imply that purchasers of
CPOE systems should not rely on generic CPOE
and bar code medication administration sys-
tems alone to dramatically reduce ADE rates,
the researchers say. “Rather, health care organi-
zations desirous of preventing ADEs should
consider whether candidate computerized med-
ication systems offer decision support functions
that address the most troublesome aspects of the
medication administration process.”

This study took place almost five years ago.
The VA is making strides in adding decision-sup-
port functions to its system, Hoffman says, and
has been commended for its use of health infor-
mation technology to improve quality of care.
The problem has been that such a system is diffi-
cult to design because it needs to be patient-spe-
cific. “We are moving in that direction.”

In the meantime, she says, pharmacists can
remember that the most common errors the
researchers found were in prophylaxis and moni-
toring. “In a clinical setting, I would look for
those types of errors — the preventable adverse
drug errors — and keep them in the back of your
mind when you are on the floor.”  ■

Joint Commission revises
medication safety goals
‘Do not use’ abbreviation requirement revised

The Joint Commission on Accreditation of
Healthcare Organizations in Oakbrook

Terrace, IL, has announced its 2006 National
Patient Safety Goals and related requirements.
Several of the revisions to last year’s goals
involve medication safety.

One new requirement, for accredited organiza-
tions that provide surgical or other invasive ser-
vices, specifies that all medications, medication
containers, and other solutions used in periopera-
tive settings be labeled. This requirement is part of
the goal: “Improve the safety of using medications.” 

The requirement is the result of several prob-
lems, says Richard J. Croteau, MD, Joint
Commission’s executive director for patient
safety initiatives. “There have been several
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AE analysis raises safety
questions about Crestor
Results still show statins are safe, says AHA

Areview of adverse events reported to the FDA
raises concern about the relative safety of

rosuvastatin (Crestor) at its commonly used doses,
researchers say. Some health professionals down-
played the study, however, saying the results still
highlight the safety of statins for their indicated
uses.

For their analysis, the researchers looked at
adverse events associated with rosuvastatin 
that were reported to the FDA’s Adverse Event
Reporting System (AERS) during the drug’s first
year of marketing. The researchers, from Tufts
University in Boston, compared the rates of rosu-
vastatin adverse effects with those seen with other
statins — atorvastatin (Lipitor), simvastatin (Zocor),
pravastatin (Pravachol) — during the same time
frame and as well as during their respective first
year of marketing. Rosuvastatin also was compared

to cerivastatin (Baycol) during its first year of mar-
keting. Cerivastatin is no longer on the market; it
was withdrawn in 2001 after the FDA received
numerous reports of severe myopathy, rhabdomy-
olysis, proteinuria, nephropathy, and kidney failure. 

The primary analysis examined the composite
endpoint of adverse event reports of rhabdomyol-
ysis, proteinuria, nephropathy, or renal failure. 
The researchers found that compared to the statins
still on the market, rosuvastatin was “severalfold”
more likely to be associated with the composite
endpoint. The rosuvastatin adverse events tended
to happen within the first 12 weeks of therapy, and
62% of the adverse events occurred at doses of 10
mg/d or less. Rosuvastatin did have less than half
the rate of side effects reported for cerivastatin
during its first year. The death rates associated
with rosuvastatin were also lower than with the
other statins, and these deaths were not directly
attributed to treatment with the drug.

The researchers said their approach took
advantage of the “real-life” population exposure
captured in the FDA AERS. Controlled premar-
keting trials may exclude patients predisposed 
to an adverse event, although the patients may
receive the drug after marketing, they said. In
addition, trials often are underpowered to detect
relatively rare adverse events. “Postmarketing
assessments such as the one presented here are
helpful in attempts to identify safety concerns
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reported cases of medication mix-ups in the oper-
ating/procedure room resulting in patient death
(at least two were children) that occurred because
the medication container was not labeled.” 

The following requirements will be retired for
all applicable accreditation programs in 2006:

• The requirement to remove concentrated
electrolytes (including but not limited to potas-
sium chloride, potassium phosphate, sodium
chloride greater than 0.9%) from patient care
units. This requirement will continue to exist in
relevant accreditation manuals.

Compliance has been good for this, Croteau
says. “We wanted to make room for other safety
goal requirements; it will continue to be a require-
ment in the Medication Management standards.”

• The requirement to ensure free-flow protec-
tion on all general-use and patient-controlled
analgesia intravenous infusion pumps used in an
organization. Compliance with this requirement
has been greater than 99%, and equipment manu-
facturing and availability issues for all health care

settings have been satisfactorily resolved, the
Joint Commission says.

The Board of Commissioners also affirmed its
existing “do not use” abbreviations that constitute 
a single requirement under the goal: “Improve 
the effectiveness of communications among care-
givers,” but acted to delete a related stipulation that
each organization also identify an additional three
organization-specific “do not use” abbreviations.
Failure to substantially eliminate the use of “do not
use” abbreviations in medication orders remains —
at 27% — one of the most frequent noncompliance
findings during Joint Commission surveys.

“The ‘additional three’ requirement was
deleted based on consensus of the participants in
the Abbreviations Summit held last November
and supported by the subsequent field review of
potential changes to the Requirements of Goal
2B,” Croteau says. “It was generally felt that a
requirement (rather than an option) for adding
items beyond the official ‘do not use’ list had no
value, and we agreed.”  ■



that can potentially be missed early on,” the
researchers stated.

Limitations of the study include the possible
underreporting of actual adverse events and the
voluntary nature of the reporting system. In addi-
tion, publicity about safety concerns associated
with rosuvastatin may have contributed to the
increase adverse event reporting for the drug. 

In their conclusion, the authors advised a cau-
tious approach. “It would seem prudent at the
current time for health care providers to consider
other statins as first-line therapy, to initiate ther-
apy in appropriate patients at lower doses, to
consider combination LDL-C–lowering therapy
(e.g., statin combined with ezetimibe), and to vig-
ilantly monitor for adverse events if rosuvastatin
is used.” Their results were published on the web
site of Circulation, a publication of the American
Heart Association, in late May. 

In an editorial that accompanies the article, one
physician said he is bothered by the use of a com-
posite endpoint in which severe myopathy is
combined with an apparently benign form of pro-
teinuria. The pooling of different endpoints com-
pounds the limitations of the AERS, said Scott M.
Grundy, MD, PhD, director of The Center for
Human Nutrition and departments of clinical
nutrition and internal medicine at UT
Southwestern Medical Center in Dallas.

Grundy also questioned the use of the FDA’s
AERS as a tool for making clinical decisions
when the FDA itself has published information
about its limitations. In a response to a petition
filed by the consumer group Public Citizen,
which had requested rosuvastatin be removed
from the market for safety reasons, the FDA
talked about the system limitations, such as the
unknown relationship between prescriptions and
numbers of patients treated and duration of treat-
ment. In its response, the FDA also detailed a
comprehensive examination of the drug. The
agency concluded that patients taking rosuvas-
tatin do not have a greater risk of muscle toxicity
than patients taking the other approved statins.
The agency also found no convincing evidence
that rosuvastatin poses a risk of serious renal
injury.

Adverse event rate still low
Grundy also stressed that statins are generally

safe and they substantially reduce risk for coro-
nary disease in higher-risk patients. However, the
drugs do have side effects and should be used
according to current cholesterol-management

guidelines, he says.
In press statements after the publication of the

study, the researchers made a case that statins, as
a class, are safe medications. “They have been
widely used for almost 20 years and several stud-
ies clearly show that statins reduce heart disease,
stroke, and total mortality,” said senior author
Richard H. Karas, MD, PhD, director of the
Preventive Cardiology Center and the Women’s
Heart Center at Tufts-New England Medical
Center.

The analysis reported relative risks, not abso-
lute risk, which indicates a person’s chance of
actually having an adverse event. The absolute
risk of adverse events with rosuvastatin appears
low, with 145 muscle or kidney complications out
of 5.2 million prescriptions during the drug’s first
year, which is an absolute risk of 1 in 35,862, he
added.

“The overwhelming majority of people who are
taking it will have no problem at all,” said Alice 
K. Jacobs, MD, president of the American Heart
Association in Dallas. “This analysis shows that
statins are safe, and that physicians should continue
to offer their patients what is still one of the best
tools we have for treating elevated cholesterol.”  ■

News from ASCO

Here is news from the 2005 American Society
Clinical Oncology (ASCO) Meeting in

Orlando, FL, in mid-May:

Lenalidomide can replace blood transfusions
in bone marrow disorder.

Lenalidomide (Revlimid) can help some patients
with myelodysplastic syndromes (MDS) avoid the
need for blood transfusions, and even reduce or
eliminate the genetic abnormality that character-
izes the disease in this subset of patients, according
to a new study.

Lenalidomide, an anti-angiogenic agent that is
taken orally, may work against MDS by inhibit-
ing angiogenesis, boosting the body’s immune
response against cancer and enhancing red blood
cell development. 

Investigators examined the response to 10 mg
of once-daily lenalidomide among 146 patients
with MDS who relied on blood transfusions,
reports ASCO news. All patients had a deletion of
a region of genetic material on the long “q” arm of
chromosome 5 (“del5q”). The trial was initiated in
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July 2003, and monitoring continues. All patients
who responded to the drug are continuing to take
it as long as it remains effective. 

After 24 weeks, 64% of patients responded to
lenalidomide and did not need a transfusion.
Seventy-six percent of those who responded
experienced a reduction in the number of marrow
cells that had the del5q abnormality, and 55% of
responders had no evidence of the del5q abnor-
mality. After a median follow-up of 9.3 months,
91% of responding patients continued to show 
a response to lenalidomide. The most common
side effects were lowering of the white blood cell
count (39% of patients) and platelet count (35%),
which necessitated interruption of treatment or
reduction of lenalidomide dose.  ■

CDC announces strategy 
for 2005-06 flu season

The Centers for Disease Control (CDC) in Atlanta
has announced that the supply of inactivated

influenza vaccine projected for the 2005-06 season
should be adequate to meet the historical demand
from persons in the priority groups established by
Advisory Committee on Immunization Practices
(ACIP) during the 2004-05 season. The announce-
ment was published in the April 1 issue of Morbidity
and Mortality Weekly Report.

Sanofi Pasteur and MedImmune produced
approximately 61 million doses of influenza vaccine
for distribution in the United States during 2004-05;
the companies predict producing approximately 
the same amount or slightly more doses for the
upcoming season. The production of Chiron Corp.
is unknown. On March 2, the British Medicines and
Healthcare products Regulatory Agency lifted its
Oct. 5, 2004, suspension of Chiron’s license to man-
ufacture influenza vaccine. The FDA must also give
its approval before this vaccine can be distributed in
the United States. In addition, the CDC says, other
manufacturers are discussing with FDA the possi-
ble licensure of influenza vaccine for the 2005-06
influenza season and beyond.

The CDC is encouraging implementation of a
two-tiered pre-booking strategy by manufacturers,

distributors, and customers of inactivated vaccine.
This strategy requires customers of inactivated
vaccine to provide two requests for supplies, using
1) the number of doses needed based on antici-
pated demand among persons in the priority
groups, in case vaccine supply is limited; and 2)
the number of doses needed based on priority
group use, plus other groups, if supplies prove
sufficient to meet demand from other people seek-
ing vaccination.

Here are the following priority groups to be
used as a guide for prebooking orders for inacti-
vated influenza vaccine:

• People ages > 65 years.
• People ages 2-64 years with underlying

chronic medical conditions.
• All women who will be pregnant during the

influenza season.
• All children ages 6-23 months.
• Health care workers involved in direct patient

care.
• Out-of-home caregivers and household con-

tacts of children ages < 6 months.
• Residents of nursing homes and long-term-

care facilities.
• Children ages 6 months to 18 years on

chronic aspirin therapy.
For more information, see www.cdc.gov/

mmwr/preview/mmwrhtml/mm5412a4.htm.  ▼

One-quarter of warfarin response
variation linked to single gene

Researchers at the University of Washington 
in Seattle and Washington University in St.

Louis wanted a clearer picture of why patients
respond so differently to the anticoagulant drug
warfarin (Coumadin). 

Studies have shown that variations in a gene
encoding the CYP2C9 enzyme that metabolizes
warfarin explain about 10% of the difference in
people’s responses to the drug. These researchers
instead focused on another gene: vitamin K epox-
ide reductase (VKORC1). The researchers analyzed
the VKORC1 gene’s DNA sequence in 186 patients
on a stabilized dose of warfarin. They searched for
common DNA variations responsible for changing
the gene’s activity and the amount of protein it
produced. 

By matching the genetic variations to actual
warfarin doses, the scientists discovered that peo-
ple with a particular variation of the VKORC1
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gene generally took similar doses of warfarin,
according to the National Institutes of Health
(NIH). The study was part of NIH’s Pharmaco-
genetics Research Network and was supported by
the NIH components National Institute of General
Medical Sciences; the National Heart, Lung, and
Blood Institute; and the National Institute of
Environmental Health Sciences.

The researchers found that about 25% of the
overall variance in warfarin dose can be attributed
to VKORC1. “This is possibly the single biggest
contributor to variability in people’s responses to
the drug and could be a central factor in setting 
the initial dose,” said Allan E. Rettie, PhD, profes-
sor of medicinal chemistry at the University of
Washington, in a statement. 

The researchers also discovered that certain
population groups tended to have a higher preva-
lence of a particular VKORC1 variation. While
Asian Americans generally had the low-dose vari-
ation, African Americans had the high-dose ver-
sion. European Americans fell in the middle. 

The researchers agreed that more studies
should be done before screening for the VKORC1
gene for better warfarin dosing. “What we’ve
done is the basic science,” said Rettie. “This com-
plete genetic analysis of VKORC1 provides the
mechanistic framework and impetus for prospec-
tive studies in a clinical setting.” 

The results of the study were published in 
the June 2 issue of the New England Journal of
Medicine.  ▼

Breast cancer trial halts chemo
regimen after patients’ deaths

Abreast cancer chemotherapy regimen that
involved simultaneous administration of

docetaxel and doxorubicin suppressed white
blood cell activity in 40% of patients and led to
two treatment-related deaths, said a report on the
European RAPP-01 clinical trial published in the
May 18 Journal of the American Medical Association. 

The rates of neutropenia in the docetaxel arm
were high because, unlike similar studies con-
ducted in the United States, the French trial did 
not employ prophylaxis for neutropenia, noted
investigators in the National Cancer Institute’s
Cancer Therapy Evaluation Program. Patients
received granulocyte colony-stimulating factor only
after their white cell count had already dropped. 

While the docetaxel regimen caused less nau-
sea and vomiting than the standard therapy, it
was responsible for 72 of the 87 severe adverse
events (82.8%) reported to the French Medicines
Agency. Most of these events (87.5%) were related
to febrile neutropenia.  ▼

Able Laboratories recalls 
all drugs, ceases production

The FDA has notified consumers and health
care professionals of a nationwide recall of all

manufactured drugs (mostly generic prescription
drugs, including drugs containing acetamino-
phen) from Able Laboratories of Cranbury, NJ,
because of serious concerns that they were not
produced according to quality assurance stan-
dards. Able Laboratories has ceased all current
production.

The FDA recommends that people who have
been taking drugs produced by this firm speak
with their health care provider or pharmacist to
obtain a replacement drug product. Consumers
should continue taking the medication until they
have spoken with their health care provider. The
FDA has provided a list with the names of the
recalled drugs and their imprint codes, marks
(usually letters and numbers) found on the sur-
faces of drugs.

For more information, see www.fda.gov/
medwatch/SAFETY/2005/safety05.htm#Able.  ▼

Scios revises nesiritide,
mitoxantrone labels

Scios has revised the label of nesiritide
(Natrecor) after published reports ques-

tioned whether the drug may have adverse
effects on survival and kidney function com-
pared to control agents (generally nitroglycerin
and diuretics).

The revised label language is based on the analy-
ses of survival data from seven controlled studies,
including three studies used in the meta-analysis
that recently appeared in The Journal of the American
Medical Association (JAMA). The label now includes
30-day mortality data in addition to the 180-day
data that previously appeared in the label. 

The analyses show a nominal increase in
mortality, but the increases are not statistically
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significant, and therefore remain of uncertain
clinical significance, Scios says.

For more information, see www.fda.gov/
medwatch/SAFETY/2005/safety05.htm#natrecor. 

Serono and the FDA also have notified health
care professionals of revisions to the boxed
warning, warnings, and dosage and administra-
tion sections of the prescribing information 
of mitoxantrone for injection concentrate
(Novantrone). 

Mitoxantrone is indicated for reducing neuro-
logic disability and/or the frequency of clinical
relapses in patients with secondary (chronic)
progressive, progressive relapsing, or worsen-
ing relapsing-remitting multiple sclerosis (MS). 

Reports received through post-marketing
surveillance have shown that diminished car-
diac function may occur early on in the treat-
ment with mitoxantrone. 

Cardiotoxicity can occur at any time during
mitoxantrone therapy, and the risk increases
with cumulative doses. Congestive heart fail-
ure, potentially fatal, may occur either during
therapy with mitoxantrone or months to years
after termination of therapy. Therefore, the
product labeling for mitoxantrone was updated
in March to state that cardiac monitoring of 
MS patients should be performed at baseline
and prior to administration of every dose of
mitoxantrone.

The revised label also provides supplemental
information regarding secondary acute myeloge-
nous leukemia (AML) reported in MS patients
treated with mitoxantrone. Cases of the secondary
AML have been reported in peer-reviewed litera-
ture, through the collection of spontaneous reports,
and in a prospective observational study. 

Because the number of MS patients exposed
to mitoxantrone in post-marketing is unknown
and spontaneous reporting of adverse events
can be subject to underreporting, it is not possi-
ble to determine incidence — or relative risk to
an MS patient — of developing secondary AML.

For more information, see www.fda.gov/
medwatch/SAFETY/2005/Novantrone_dearhcp.
pdf.  ■

These drugs recently were approved by the
FDA:

• Metformin hydrochloride (HCl) (Glumetza)
by Biovail Corp. and Depomed. The FDA has
approved metformin HCl (Glumetza), a once-
daily, extended-release formulation for the treat-
ment of Type II diabetes.

Metformin is indicated for the control of hyper-
glycemia in metformin-responsive, stable, mild,
nonketosis prone maturity onset diabetes (Type
II), which cannot be controlled by proper dietary
management, exercise, and weight reduction and
when insulin therapy is not appropriate.

Patients should not take metformin if they have
kidney problems, heart failure that is treated with
medicine, or have a condition called metabolic aci-
dosis, including diabetic ketoacidosis. Metformin
can cause a rare condition called lactic acidosis. 

The most common side effects of metformin
include diarrhea, nausea, and upset stomach.

• Galsulfase (Naglazyme) by BioMarin Pharma-
ceutical. The FDA has granted marketing approval
for galsulfase (Naglazyme), the first specific therapy
approved for the treatment of mucopolysaccharido-
sis VI (MPS VI). BioMarin plans to launch galsul-
fase in the United States in July.

Clinical trials have shown that galsulfase pro-
vides clinically important benefits for MPS VI
patients, specifically, improved endurance as
demonstrated by the 12-minute walk test and
three-minute stair climb. Galsulfase reduced the
excess carbohydrates that are excreted in the
urine of patients with MPS VI, an indication of
enzymatic bioactivity.

Data from a Phase III clinical trial and extension
study indicate that galsulfase was generally safe.
The most common adverse events observed in
clinical trials in galsulfase-treated patients were
headache, fever, arthralgia, vomiting, upper
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respiratory infections, abdominal pain, diarrhea, 
ear pain, cough, and otitis media. More than 95% 
of the infusion-related adverse events were con-
sidered mild or moderate and were easily man-
aged. Infusion-related adverse events commonly
included fever, chills/rigors, headache, rash, 
and mild-to-moderate urticaria. Severe reactions
included angioneurotic edema, hypotension, dys-
pnea, bronchospasm, respiratory distress, apnea,
and urticaria.

No patients discontinued galsulfase infusions
for adverse events, and all patients that com-
pleted the double-blind portion of the trial con-
tinue to receive weekly infusions of galsulfase. 

• New indication for peginterferon alfa-2a
(Pegasys) by Roche. The FDA has approved
peginterferon alfa-2a (Pegasys) for the treatment
of chronic hepatitis B. Peginterferon alfa-2a is
the only pegylated interferon approved for the
treatment of chronic hepatitis B, including both
variations of the virus — HBeAg-positive and
HBeAg-negative chronic hepatitis B.

Peginterferon alfa-2a was approved in 2002 by
the FDA for use alone and in combination with rib-
avirin (Copegus) for the treatment of adults with
chronic hepatitis C. In February, Pegasys became
FDA-approved as a therapy alone and in combina-
tion with ribavirin for the treatment of chronic hep-
atitis C in patients coinfected with hepatitis C and
HIV whose HIV is clinically stable.

• New indication for budesonide (Entocort EC)
capsules by Prometheus Laboratories. The FDA has
approved the supplemental New Drug Application
for the additional use of budesonide (Entocort EC)
capsules for the maintenance of clinical remission 
of mild-to-moderate Crohn’s disease involving the
ileum and/or the ascending colon for up to three
months. Budesonide also is indicated for the treat-
ment of mild-to-moderate Crohn’s disease involv-
ing the ileum and/or the ascending colon.

• New indication for infliximab (Remicade) 
by Centocor. The FDA has approved infliximab
(Remicade) to reduce the signs and symptoms 
of active arthritis in patients with psoriatic arthri-
tis. Infliximab has also been approved in the
treatment of such inflammatory diseases as
Crohn’s disease, rheumatoid arthritis, ankylosing
spondylitis, and psoriatic arthritis. It was first
approved in 1998 for Crohn’s disease.

• New indication for fondaparinux sodium,
injection (Arixtra) by GlaxoSmithKline. The 
FDA has approved the supplemental New Drug
Application for fondaparinux sodium in the pre-
vention of venous thromboembolism (VTE) in

patients undergoing abdominal surgery who are
at risk of thromboembolic complications.

Fondaparinux sodium already is approved for
the prevention of VTE, which includes deep vein
thrombosis (DVT) and pulmonary embolism (PE),
in patients undergoing surgery for hip fracture
(including extended prophylaxis), knee replace-
ment, and hip replacement. Additionally, fonda-
parinux sodium is indicated for the treatment of
acute DVT when administered in conjunction with
warfarin sodium, and for the treatment of acute PE
when administered in conjunction with warfarin
sodium, when initial therapy is administered in
the hospital.  ■
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Ziconotide (Prialt) is a synthetic equivalent of a
naturally occurring conopeptide found in the

piscivorous marine snail used intrathecally for
severe chronic pain relief, and administered only
in the Medtronic SynchroMed EL, SynchroMed II
Infusion System, and Simms Deltec Cadd Micro
External Microinfusion Device and Catheter. It
does not bind to opioid receptors, and there is 
no evidence of tolerance observed with this
medication. 

Similar drugs in class
No other drugs in this class.

Comparative agent 
Infumorph is a preservative-free concentrated

morphine sulfate injection intended for intrathecal
(IT) use in continuous controlled-microinfusion
devices. Duramorph is a preservative-free mor-
phine sulfate intended for intravenous, epidural,
or intrathecal administration. Morphine sulfate is
a Schedule II drug.

Mechanism of action
Ziconotide binds to N-type calcium channels

located on the primary nociceptive afferent
nerves in the superficial layers of the dorsal
horn in the spinal cord. Although the mecha-
nism of action of ziconotide has not been estab-
lished in humans, results in animals suggest that
its binding blocks N-type calcium channels,
which leads to a blockade of excitatory neuro-
transmitter release in the primary afferent nerve

terminals and antinociception. Intrathecal mor-
phine binds to opiate receptors found on the ter-
minal axons of primary afferent nerves within
laminae I and II of the spinal cord and in the
trigeminal nerve, causing inhibition of ascend-
ing pain pathways, altering the perception of
and response to pain.

Strengths/dosage forms available
Ziconotide is available as a preservative-free

100 mcg/1 mL in a 1 mL, 2 mL, and 5 mL vial,
and 25 mcg/mL in a 20 mL vial, for intrathecal
administration via Medtronic SynchroMed EL,
SynchroMed II Infusion System, and Simms
Deltec Cadd Micro External Microinfusion
Device and Catheter.

Infumorph is available as a preservative-free
200 mg/20 mL (10 mg/mL) and 500 mg/20mL
(25 mg/mL) ampule for epidural and intrathecal
administration via a continuous microinfusion
device. Duramorph is available as a preservative-
free 5 mg/10 mL (0.5 mg/mL) and 10 mg/10 mL
(1 mg/1 mL) ampule.

Indications (FDA-approved)
Ziconotide is indicated for the management of

severe chronic pain in patients for whom intrathe-
cal therapy is warranted, and who are intolerant of
or refractory to other treatments, such as systemic
analgesics, adjunctive therapies, or intrathecal mor-
phine. Infumorph and Duramorph are indicated
for intrathecal or epidural infusion in the treatment
of intractable chronic pain. 

Ziconotide (Prialt) Formulary Evaluation
Part 1 of 2: Similar Drugs in Class, Comparative Agent, Mechanism of Action, Strengths/Dosage,

Indications, Off-Label Uses, Preparation and Storage, Special Populations, ADEs, Drug-Drug/Food
Interactions, Warnings and Precautions, Contraindications, Pregnancy/Lactation Information

By Tiffany Gilmer, PharmD Candidate
Harrison School of Pharmacy 

Auburn (AL) University 



Off-label uses
No off-label uses of ziconotide or Infumorph

and Duramorph for intrathecal administration
have been identified. 

Preparation and storage
Ziconotide should be stored at 2-8° C (36-46° F)

and refrigerated during transit, but not frozen. It
should be protected from light. Once diluted with
0.9% sodium chloride, it may be stored at 2-8° C
(36-46° F) for 24 hours.

Infumorph and Duramorph should be pro-
tected from light. They should be stored at room
temperature, but not frozen. Discard any unused
portion. They may require dilution with 0.9%
sodium chloride before use as dictated by the
characteristics of the device and the dosage
requirements of the individual patient.

Dosing and administration
Ziconotide should be initiated at no more than

2.4 mcg/day (0.1 mcg/hr) by continuous infusion
and titrated to patient response. Doses may be
titrated upward in increments of up to 2.4 mcg/day
(0.1 mcg/hr) at intervals of no more than 2-3 times
per week, up to a recommended maximum of 19.2
mcg/day (0.8 mcg/hr) by day 21. Dose increases in
increments of less than 2.4 mcg/day (0.1 mcg/hr)
and increases in dose less frequently than 2-3 times
per week may be used. No test dose is required.
Ziconotide is intended for IT delivery using only a
programmable implanted variable-rate microinfu-
sion device or an external microinfusion device and
catheter. 

Intrathecal morphine is given at approxi-
mately 1/10 of the epidural dose. The starting
dose must be individualized, based on in-hospi-
tal evaluation of the response to serial single-
dose intrathecal bolus injections of regular
Duramorph. 

For patients who are not tolerant to opiates,
adequate pain relief may be achieved by a sin-
gle 0.2 mg to 1 mg intrathecal dose for up to 24
hours, or an intrathecal infusion of 0.2 mg/day
to 1 mg/day. 

The safety of injecting repeated intermittent dose
of morphine intrathecally, other than for establish-
ing initial dosage when continuous intrathecal
infusion is contemplated, has not been determined.
Intrathecal infusions for patients with opioid toler-
ance vary from 1 mg/day to 10 mg/day. 

Intrathecal dosages exceeding 20 mg/day
should be employed with caution since they may
be associated with an increased likelihood of seri-
ous toxicity, including myoclonic spasms. 

Special populations
Geriatric patients
Geriatric patients on ziconotide may experi-

ence a higher incidence of confusion. In general,
dose selection for an elderly patient should be
done with caution, usually starting at the low 
end of the dosing range. The pharmacokinetics of
intrathecal morphine are more variable in geri-
atric patients and caution should be used when
initiating therapy.

Pediatric patients
Safety and efficacy in children has not been

established in ziconotide or Infumorph.
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Kinetic parameter

Absorption

Distribution

Metabolism

Excretion

Ziconotide

Plasma ziconotide levels could not be quantified in
56% of patients.

Peak concentration unknown.
Distribution in cerebrospinal fluid (CSF) = 155 mL.
Plasma protein binding = 50%.

Cleaved by endopeptidases and exopeptidases at
multiple sites on the peptide to their individual con-
stituent-free amino acids following passage from
CSF into general circulation.

Less than 1% of ziconotide is excreted in the urine.
Terminal half-life = 4.6 hours.
Dosed by continuous infusion — duration of action
not available.

Infumorph and Duramorph (IT)

Diffusion into the systemic circulation occurs
slowly, accounting for the long duration of action.

Peak plasma concentration = 5-10 minutes.
Distribution in IT space = 22 mL.
Plasma protein binding = 36%.

Glucuronidation in the liver to morphine-3-
glucuronide, which is inactive.

Metabolite excreted through the kidneys, with
10% in the feces. Twelve percent excreted
unchanged in the urine.
CSF terminal half-life = 90 minutes.
Dosed by continuous infusion into intrathecal
space or one-time IT injection.
Duration of action of one-time IT injection = 24
hours.

Table: Pharmacokinetics



Renal impairment
Ziconotide has no safety or efficacy data in

patients with renal impairment. Infumorph
should be used with caution in patients with
renal impairment.

Hepatic impairment
Ziconotide has no safety or efficacy data in

patients with hepatic impairment. Infumorph
should be used with caution in patients with
renal impairment.

Adverse drug events
Adverse drug events of ziconotide include:
• Central nervous system (CNS): dizziness

(47%), somnolence (22%), confusion (18%), ataxia
(16%), headache (15%), abnormal gait (15%),
memory impairment (12%), pain (11%), anxiety
(9%), speech disorder (9%), aphasia (8%), dyses-
thesia (7%), fever (7%), hallucinations (7%), ner-
vousness (7%), vertigo (7%), agitation, chills,
depression, abnormal dreams, emotional lability,
hostility, hyperesthesia, insomnia, malaise, neu-
ralgia, paranoid reaction, and stupor. 

• Gastrointestinal: nausea (41%), diarrhea
(19%), vomiting (15%), anorexia (10%), abdomi-
nal pain, constipation, dehydration, dyspepsia,
taste perversion, weight loss, and xerostomia.

• Neuromuscular and skeletal: weakness (22%),
gait disturbances (15%), hypertonia (11%), pares-
thesia (7%), arthralgia, arthritis, back pain, incoor-
dination, leg cramps, myalgia, myasthenia, neck
pain, neck rigidity, decreased reflexes, and tremor.

• Cardiovascular: chest pain, edema, hyper- or
hypotension, postural hypotension, tachycardia,
and vasodilation. 

• Dermatologic: bruising, cellulitis, diaphore-
sis, dry skin, pruritus, and rash. 

• Endocrine and metabolic: hypokalemia. 
• Genitourinary: urinary retention (9%),

dysuria, urinary incontinence, urinary tract infec-
tion, and impaired urination. 

• Hematologic: anemia. 
• Local: catheter complications, catheter site

pain, pump site complications, pump site mass,
and pump site pain. 

Because of the risk of severe adverse effects,
patients on intrathecal morphine must be
observed for at least 24 hours after the initial
test dose and, as appropriate, for the first sev-
eral days after catheter implantation. The most
serious adverse events have been respiratory
depression and myoclonus. 

Other adverse effects include sympathetic
hyperactivitiy, which may result in convulsions;

dysphoric reactions; toxic psychoses; pruritus;
urinary retention; constipation; headache;
peripheral edema; dizziness; euphoria; anxiety;
depression of cough reflex; interference with
thermal regulation; and oliguria. Evidence of his-
tamine release such as urticaria, wheals, and/or
local tissue irritation may occur. Pruritus, nau-
sea/vomiting, and urinary retention, if associ-
ated with continuous infusion therapy, may
respond to intravenous administration of a 
low dose of naloxone (0.2 mg).

Drug-drug interactions
No pharmacokinetic drug-drug interactions

studies have been conducted with ziconotide.
IT administration, low plasma ziconotide con-
centrations, and metabolism by ubiquitous pep-
tidases make metabolic interactions of other
drugs unlikely. Combination of ziconotide with
intrathecal opiates has not been studied and is
not recommended. The use of ziconotide with
central nervous system depressants may be
associated with an increased incidence of CNS
adverse events such as dizziness and confusion.

The depressant effects of morphine are potenti-
ated by the presence of other CNS depressants
such as alcohol, sedatives, antihistamines, or psy-
chotropic drugs. Use of neuroleptics may increase
the risk of respiratory depression. 

Drug-food interactions
There are no known drug-food interactions for

ziconotide or Infumorph. 

Warnings and precautions
Black box warning: Severe psychiatric symp-

toms and neurological impairment may occur
during treatment with ziconotide. Patients with 
a pre-existing history of psychosis should not be
treated with ziconotide. All patients should be
monitored frequently for evidence of cognitive
impairment, hallucinations, or changes in mood
or consciousness. Ziconotide therapy can be
interrupted or discontinued abruptly without
evidence of withdrawal effects in the event of
serious neurological or psychiatric signs and
symptoms.

Use ziconotide with caution in the elderly;
patients may experience confusion. Patients
should be instructed to use caution in performing
tasks that require alertness (e.g., operating machin-
ery or driving). Ziconotide may have additive
effects with opiates or other CNS-depressant med-
ications and does not potentiate opiate-induced
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respiratory depression. Ziconotide will not pre-
vent or relieve symptoms associated with opiate
withdrawal, and opiates should not be abruptly
discontinued. Unlike opioids, ziconotide therapy
can be interrupted abruptly or discontinued with-
out evidence of withdrawal. Meningitis may occur
with use of IT pumps and treatment may require
removal of system and discontinuation of therapy.
Safety and efficacy have not been established 
with renal or hepatic dysfunction, or in pediatric
patients.

Infumorph is for use in continuous microinfu-
sion devices only. Some patients may require
unusual accelerations of their intrathecal mor-
phine dose. Myoclonic-like spasms of the lower
extremities have been reported. Use in extreme
caution in patients with head injury or increased
intracranial pressure. 

Infumorph may cause respiratory depression;
use with caution in patients with impaired respira-
tory function or severe hepatic dysfunction and in
patients with hypersensitivity reactions to other
phenanthrene derivative opioid agonists (codeine,
hydrocodone, hydromorphone, levorphanol,
oxycodone, oxymorphone). Use caution in renal
impairment (metabolite accumulation). Infumorph
is a Schedule II narcotic that possesses an addic-
tion-forming or addiction-sustaining liability. 

Contraindications
Contraindications to ziconotide include hyper-

sensitivity to ziconotide or any component of 
the formulation; history of psychosis; and intra-
venous (IV) administration. 

The only contraindication for intrathecal mor-
phine is a known allergy to morphine. 

IT administration is contraindicated in patients
with infection at the injection site, uncontrolled
bleeding, or spinal canal obstruction that impairs
CSF circulation. 

Pregnancy/lactation information
Ziconotide is pregnancy Category C and

should only be used during pregnancy if the
potential benefit justifies risk to the fetus. It is
not known whether ziconotide is excreted in
human breast milk.

Morphine is pregnancy Category C, and
should only be given to pregnant women when
no other method of controlling pain is available
and means are at hand to manage the delivery
and prenatal care of the opiate-dependent infant.
Morphine is excreted in breast milk and effects on
nursing infants are unknown.  ■
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Pharmacists participate in this continuing educa-
tion program by reading the article, using the

provided references for further research, and study-
ing the CE questions. Participants should select
what they believe to be the correct answers. 

Participants must complete a post-test and
evaluation form provided at the end of each
semester (June and December) and return them
in the reply envelopes provided. A statement of
credit requires a passing score of 70% or higher.
When a passing test and evaluation form are
received, a statement of credit and answer guide
will be mailed to the participant. 

This CE program will improve participants' ability to:
• Compare the clinical efficacy and safety of one

therapeutic agent over another used in the same
setting. 

• Assess clinical trial data and explain how the
results influence formulary decision making. 

• Perform cost-effectiveness analyses. 

1. Ziconotide is administered: 
A. intramuscularly.
B. intravenously.
C. intrathecally.
D. orally.

2. Geriatric patients on ziconotide may experi-
ence a higher incidence of:
A. anemia. 
B. confusion.
C. gastrointestinal disturbance.
D. nausea and vomiting. 

3. Ziconotide has no safety or efficacy data for
which of the following populations?
A. Pediatrics
B. Patients with hepatic impairment
C. Patients with renal impairment
D. All of the above

4. Patients with a pre-existing history of psy-
chosis should not be treated with ziconotide;
however, all patients should be monitored
frequently for evidence of:
A. cognitive impairment. 
B. hallucinations. 
C. changes in mood or consciousness.
D. All of the above

CE Questions


