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Prescribing Errors Involving Medication Dosage Forms

Timothy S. Lesar, Pharm D

CONTEXT: Prescribing errors involving medication dose
formulations have been reported to occur frequently in
hospitals. No systematic evaluations of the characteristics of
errors related to medication dosage formulation have been
performed.

OBJECTIVE: To quantify the characteristics, frequency, and
potential adverse patient effects of prescribing errors involving
medication dosage forms.

DESIGN: Evaluation of all detected medication prescribing
errors involving or related to medication dosage forms in a
631-bed tertiary care teaching hospital.

MAIN OUTCOME MEASURES: Type, frequency, and potential
for adverse effects of prescribing errors involving or related to
medication dosage forms.

RESULTS: A total of 1,115 clinically significant prescribing
errors involving medication dosage forms were detected during
the 60-month study period. The annual number of detected
errors increased throughout the study period. Detailed
analysis of the 402 errors detected during the last 16 months
of the study demonstrated the most common errors to be:
failure to specify controlled release formulation (total of 280
cases; 69.7%) both when prescribing using the brand name
(148 cases; 36.8%) and when prescribing using the generic
name (132 cases; 32.8%); and prescribing controlled delivery
formulations to be administered per tube (48 cases; 11.9%).
The potential for adverse patient outcome was rated as
potentially ‘‘fatal or severe’’ in 3 cases (0.7%), and ‘‘serious’’
in 49 cases (12.2%). Errors most commonly involved
cardiovascular agents (208 cases; 51.7%).

CONCLUSIONS: Hospitalized patients are at risk for adverse
outcomes due to prescribing errors related to inappropriate use
of medication dosage forms. This information should be
considered in the development of strategies to prevent
adverse patient outcomes resulting from such errors.
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M edication prescribing deficiencies are the most
common cause of actual and potential adverse drug
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events.'™ Factors related to prescribing errors include:
inadequate drug therapy knowledge; inadequate consid-
eration of patient characteristics; dose calculations;
nomenclature; and dosage formulation.* Detailed under-
standing of these contributing factors is useful in designing
and implementing improvements in the medication use
system.*® Medication dosage formulation is an important
method of improving the utility of pharmacologic agents.”®
Common goals of medication dosage form design include:
improving drug bioavailability; allowing administration via
alternative routes; providing “delayed” or “sustained” drug
delivery; improving patient convenience; facilitating use in
different indications; facilitating use in special populations
(such as pediatrics); and facilitating final dose preparation
processes. As a result, many medications are available in a
number of different dosage forms and dose sizes. While
substantial patient benefit and convenience are achieved
through the proper use of available medication dosage
formulations, inappropriate use of dosage forms poses risk
to the patient.°*® We have previously reported that
prescribing errors involving medication dosage forms
accounted for more than 10% of all errors detected in a
long-standing medication errors detection and prevention
program.*710-46:47 The risk of such prescribing errors is
compounded by the substantial deficiency in the under-
standing of medication dosage formulation issues by many
health care professionals.!'™* The ever-growing number
and complexity of available medication dose formulations
are likely to result in growing risk to patients.®

Considering the available evidence,*%°*7 it appears
that the risk to patients from errors involving medication
dosage forms is under-appreciated, under-reported, and
poorly understood. Increased awareness and improved
understanding of the nature of such errors will be useful
in the design and implementation of error reduction
initiatives. The purpose of this study was to characterize
prescribing errors involving or related to medication dosage
forms.

METHODS
Identification of Medication Prescribing Errors

The study was conducted in a 631-bed tertiary care
teaching hospital located in northeastern New York State.
Medication prescribing error data used for study analysis
were collected over the period of January 1, 1996 to
December 31, 2000, as previously described.* %4647 All
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medication orders either written by or cosigned by a
credentialed prescriber during the study period were
included in the analysis. Medication orders were handwrit-
ten or in the form of preprinted order sets. Copies of the
original orders were sent to the pharmacy via facsimile or
via pneumatic tube. All medication orders were reviewed
and entered into the pharmacy computer system by staff
pharmacists prior to dispensing. Staff pharmacists rou-
tinely utilized all available information resources to evalu-
ate medication orders for appropriateness. Following the
identification of medication orders potentially in error, the
pharmacist contacted the prescriber or a cross-covering
provider to obtain additional information and to discuss
the orders in question. Potential prescribing problems were
defined as medication orders that involved: the wrong
patient, drug, dose, dosing frequency, route of administra-
tion, or dosage form; inappropriate indication for use;
inappropriate combinations of drugs; documented allergies
to ordered medications; contraindicated therapy; missing
critical information; and other miscellaneous problems.
The medication order(s) in question were either confirmed
as correct as written, or were clarified, changed, or
discontinued following the discussion between the phar-
macist and the physician. All identified problem orders that
were jointly determined by the physician and the phar-
macist to require a “correction” and that were subsequently
changed were considered to be “confirmed problem orders.”
All confirmed medication prescribing problems were fur-
ther reviewed by a clinical pharmacist within 24 hours and
by the author within 72 hours. This secondary review was
to ensure that the proper actions were taken and to assure
provision of appropriate therapy. Problem orders that were
determined by the secondary review to be in error were then
defined as “confirmed medication prescribing errors.”

The significance of each error was determined based
on the general potential of the error to be carried out, and if
carried out as ordered, to result in adverse consequences,
either an increased risk of adverse effects or an inadequate
therapeutic response. Orders that were unlikely to be
carried out because of product characteristics, physical
and mechanical factors, or the drug distribution and
preparation processes of the hospital, etc., were not
considered significant. Assessment of the potential adverse
outcome of each error was based on available patient and
pharmacologic information regarding the risk for adverse
events. The potential significance of errant orders was
evaluated using a previously described rating scale, and
rated as either “Potentially Fatal or Severe,” Potentially
Serious,” or “Potentially Significant.”* %4647 (See Appendix
A). Consistency and reproducibility of assigning an error
severity classification to specific errors has been previously
validated.*°46~48 Examples of error ratings are as follows.
Potentially fatal/severe: ordering amphotericin B at the
dose for amphotericin B lipid complex; potentially serious:
ordering “Humalog 70 units q AM” instead of Humulin N;
and potentially significant: ordering “verapamil SR 240mg
per tube q 24h.”

Errors related to dosage forms were defined as those in
which there was an order for the inappropriate use of a
specific dosage form, an order for the wrong dosage form
(errors of commission), or the failure to specify the correct
dosage form when more than 1 dose form is commonly
available (error of omission). A classification schema for
dosage form errors was developed based on evaluation of
errors prior to September 1, 1999 (Table 1). All prescribing
errors involving dosage formulation issues classified as at
least “clinically significant,” i.e., either “potentially fatal/
severe,” “potentially serious,” or “potentially significant”
were included in this study.

All “clinically significant” medication prescribing
errors involving medication dosage forms detected between
January 1, 1996 and December 31, 2000 were used to
determine trends in annual number of detected dosage
form-related prescribing errors. Errors detected between
September 1, 1999 and December 31, 2000 were evaluated
in detail to provide a current assessment of medications
involved, type of error, and the nature and severity of
potential adverse effects had the order been carried out.

RESULTS
Frequency of Errors

A total of 1,115 confirmed “clinically significant”
medication prescribing errors involving or related to
medication dosage formulation were detected during the
years 1996 to 2000. The total number of detected errors,
and number of errors per 100 admissions and number per
1,000 new medication orders detected increased annually
over this period (Fig. 1). Four hundred two confirmed
“clinically significant” medication prescribing errors involv-
ing medication dosage forms were detected and averted
from September 1, 1999 to December 31, 2000. These 402
errors were further evaluated for current determination of
error characteristics, medications involved and potential
for adverse outcomes. During these 16 months, errors were
detected at a rate of 1.23 per 100 admissions, 1.84 per
1,000 patient days and 0.61 per 1,000 new medication
orders.

Error Types and Medications Involved

Of the 402 errors detected between September 1, 1999
and December 31, 2000, the most common types of errors
were: failure to specify controlled release formulation (total
280 cases; 69.7%), which included prescribing using the
brand name (148 cases; 36.8%) and using the generic
name (132 cases; 32.8%); prescribing controlled delivery
formulations to be administered per tube (48 cases;
11.9%); and prescribing controlled delivery dosage forms
to be administered “as needed” when either a continuous
“around the clock” effect was indicated or the more rapid
onset of effect from a noncontrolled delivery formulation
was appropriate (30 cases; 7.5%). Table 1 lists the
frequency of each type of error detected.
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Table 1. Types and Frequency of Dosage Form Prescribing Errors

n (%) Error Types Rated
Fatal/Severe or Serious
(Total Fatal/Serious/

Error Description Example n % Severe Errors = 52)
Failure to specify controlled delivery Cardizem 240 mg PO daily 148 36.8 27 (51.9)
dosage form; prescribed by
brand name
Failure to specify correct controlled Nifedipine 90 mg PO daily 132 32.8 5 (9.6)
delivery form; prescribed by
generic name
Controlled delivery formulation ordered Imdur 30 mg per tube once daily 48 11.9 0
to be given per tube
Controlled delivery formulation OxyContin 20 mg PO every 8 h as 30 7.5 0
prescribed on an “as needed” basis needed for pain
Failure to specify unique Cyclosporine 100 mg PO daily when 12 3 12 (23.1)
formulation with significant cyclosporine modified
bioavailability differences microemulsion intended
Inappropriate dose frequency for Fentanyl transdermal patch 10 2.5 0 (0)
controlled-delivery dosage form every 7 days
Oral dose amount ordered to be given IV Colchicine 0.5 mg IV every 6 h 4 1 2 (3.8)
Failure to specify unique dosage Amphotericin B 250 mg IV daily 3 0.7 3(5.8)
form with significant instead of amphotericin B
pharmacodynamic differences lipid complex
Order to crush or otherwise disrupt a Imdur 60 mg daily; crush 2 0.5 0
controlled-release formulation and sprinkle in applesauce
Order for IM administration of NPH insulin 20 units IM 2 0.5 0
formulation designed to be given SC
Order for IV administration of Betamethasone 12 mg IV every 12 h 2 0.5 2 (3.8)
formulation designed to be given IM
Order for oral administration at dose Fluphenazine 50 mg PO daily 2 0.5 0
used for IM formulation
Order to give topical paste at Nitrogycerine paste 0.2% daily 2 0.5 0
transdermal patch frequency
Order to give IV dose PO Vancomycin 1 g PO every 12 h 1 0.2 1(1.9
IM formulation to be given SC Testosterone enanthate SC 1 0.2 0
Order to give controlled delivery Nifedipine 30 mg SL daily 1 0.2 0
formulation sublingually
Order to give rectal dosage form orally Mesalamine rectal suspension 1 0.2 0
PO every 6 h
Wrong indication for dosage form Divalproex for acute oral loading 1 0.2 0
dose of valproic acid instead of
valproiuc acid liquid
Total 402 52

PO, by mouth; IV, intravenously; IM, intramuscularly; SC, subcutaneously; SL, sublingually.

Errors most commonly involved cardiovascular agents
(208 cases; 51.7%), antidiabetic agents (39 cases; 9.7%),
narcotic analgesics (37 cases; 9.2%), psychiatric medica-
tions (34 cases; 8.5%), and xanthines (29 cases; 7.2%).
Table 2 lists the number of errors detected by specific
medication involved and by medication class.

Potential Adverse Events

The most common potential adverse events, had the
orders been carried out, were increased expected drug
effects or side effects early in a dosing interval (shortly after
drug administration) and/or ineffective therapy at the end
of a dosing interval (316 of 402 cases; 78.5%). In 60 cases
(15%), the error had the potential to result in ineffective or

less-effective therapy only, and in 26 cases (6.5%), a
potential for “non-dose-related” toxic effects existed.

The potential for adverse patient outcome was rated as
potentially “fatal/severe” in 3 cases (0.7%), “serious” in 49
cases (12.2%), and “significant” in 350 cases (87.1%).
Potentially fatal/severe or serious errors were most com-
monly caused by failure to specify appropriate dosage form
(total of 32 of 52 cases; 61.5%), primarily when the brand
name was used (27 cases; 51.9%), and failure to specify
unique dosage form with significant bioavailability differ-
ences (12 cases 23.1%). Table 1 lists the number of errors
rated as severe or serious for each type of dosage form
prescribing error. Table 2 lists the number of severe or
serious errors for each medication class and specific
medication. The most common medications involved in
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FIGURE 1. Number of errors per year (A) and frequency of
prescribing errors per 100 admissions and per 1,000 new orders
(B) from 1996 through to 2000.

errors rated as fatal/severe or serious were insulin (30 of
52 cases; 57.7%) and cyclosporine (8 cases; 15.4%).

DISCUSSION

Errors and deficiencies in prescribing have been
reported to be the most common cause of preventable
adverse drug events in hospitals.'™ A limited number of
factors, such as lack of knowledge or information regard-
ing therapeutics, inadequate availability and use of
patient information, confusing prescribing and drug
nomenclature, need for dose calculations, and inappro-
priate use of dosage formulation contribute to the majority
of prescribing errors.?® Medications are available in
multiple or special dose “formulations” for a number of

different reasons related to improving the utility of the
agent. However, the resulting availability of multiple
dosage formulations, lack of caregiver appreciation for
the uses and properties of various preparations, as well as
high potential for adverse event if dose formulations are
used improperly, create a significant risk of adverse
patient events. The results of this study suggest that
hospitalized patients are at significant and increasing risk
for adverse events from prescribing errors involving
medication dose formulations. Based on our own experi-
ence, and available published error reports, risk for
dosage form-related errors exist not only in prescribing,
but also in the medication order review/checking, prep-
aration, dispensing, and administration steps of the
medication use system.*®°%7 By defining how specific
factors, such as dosage formulation, contribute to error,
effective risk reduction strategies can be implemented.*°
A limited number of “types” of errors accounted for the
majority of prescribing errors involving dosage forms,
suggesting that a limited number of safety improvements
could provide substantial risk reduction.

A large number of reports of significant adverse
patient outcomes resulting from the inappropriate use of
dosage formulations are available.®*® The large dose
units, altered bioavailability, or unique physico-chemical
properties of special dosage forms present inherent risk
for adverse events if misused. A limitation of this study
is the determination of the severity of an error based on
the prediction of harm had the drug been administered
as ordered. Prediction of potential harm was based on
consideration of pharmacologic, disease state, and indi-
vidual patient characteristics. Clearly, the same error
may produce a serious adverse effect in one patent but
have minimal effects in another, and the error severity
classifications should be considered as “generalized” and
not absolute. Despite these limitations, the classification
system used has been found to be reliable and
reproducible.*64%7%8 Most commonly, an adverse event
from inappropriate use of a dosage form is a result of the
delivery of excess or inadequate amounts of drug to the site
of action, delivery to the wrong site, or toxicity from the
dosage form itself. For most of the errors reported, only
mild to modest adverse events are likely, although serious
events may occur in some patients.“’34 Serious adverse
outcomes may be expected when errors involve highly toxic
drugs?2-28:36:37.40.41 o medications used in serious
illnesses.®3° The characteristics of a specific dose formula-
tion may further complicate events when other types of
errors occur simultaneously. An example of a fatal adverse
outcome related to inappropriate administration of a
dosage formulation combined with dispensing and admin-
istration error was reported by Smetzer and Cohen.'* In
this tragic case, a misinterpreted prescription for ben-
zathine penicillin led to a 10-fold error in preparation and
dispensing, which led to the erroneous intravenous admin-
istration of a large volume of benzathine penicillin suspen-
sion to a newborn child.
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Table 2. Medications Involved in Dosage Form Prescribing Errors

n (%) Error Types Rated as Fatal/

Drug Class/Drug n % Severe or Serious (N = 52)
Cardiovascular agents 208 51.7 2 (3.8)
Clonidine 2 0.5 0
Diltiazem 58 14.4 0
Disopyramide 1 0.2 1(1.9)
Isosorbide dinitrate 8 2.0 0
Isosorbide mononitrate 48 11.9 0
Metoprolol 6 1.5 0
Nicardipine 1 0.2 0
Nifedipine 45 11.2 0
Nimodipine 1 0.2 0
Nitroglycerine 3 0.7 0
Procainamide 2 0.5 1(1.9)
Propranolol 5 1.2 0
Verapamil 28 7.0 0
Anti-diabetic agents 39 9.7 30 (57.7)
Glipizide 2 0.5 0
Insulin 37 9.2 30 (57.7)
Narcotic analgesic agents 37 9.2 0
Fentanyl 2 0.5 0
Morphine 18 4.5 0
Oxycodone 17 4.2 0
Psychiatric agents 34 8.5 2 (3.8)
Bupropion 14 3.5 0
Fluphenazine 3 0.7 1(1.9)
Haloperidol 1 0.2 1(1.9)
Lithium 1 0.2 0
Venlafaxine 15 3.7 0
Xanthines (theophylline) 29 7.2 0
Anti-epileptic agents 13 3.2 0
Carbamazepine 8 2.0 0
Valproate/valproic acid 5 1.2 0
Antimicrobials 10 2.5 6 (11.5)
Amphotericin B 3 0.7 3(5.8)
Penicillin 2 0.5 0
Saquinavir 3 0.7 3 (5.8)
Vancomycin 2 0.5 0
Immunosuppressants (cyclosporine) 8 2.0 8 (15.4)
Anti-parkinsonian agents (levodopa/carbidopa) 7 1.7 0
Gastrointestinal agents 4 1.0 0
Bisacodyl 1 0.2 0
Hyoscyamine 1 0.2 0
Mesalamine 2 0.5 0
Hormonal agents 2 0.5 1(1.9)
Betamethasone 1 0.2 1(1.9)
Testosterone 1 0.2 0
Ophthalmics (timolol) 3 0.7 0
Antihistamines (fexofenadine) 2 0.5 0
Colchicine 2 0.5 2 (3.8)
Rh immune globulin 1 0.2 1(1.9)
Guaifenesin 1 0.2 0
Aspirin 1 0.2 0
Sumatriptan 1 0.2 0
Total 402 52

An additional possible limitation to the generalizability
of this study is that long-term pharmacy-based error pre-
vention programs, such as that used, may actually increase
the number and/or alter the type of errors detected, as
prescribers rely on the system to catch errors and therefore
are less concerned about the correctness of their prescrip-
tions. However, the practices at the study hospital are

similar to those in many U.S. hospitals, and the errors
detected by our processes are consistent with published
case reports®*° and with those reported to the Institute for
Safe Medication Practices (available at: www.ismp.org.org).
Thus, the errors reported in this study are likely to be
representative of errors occurring in other teaching hospi-
tals without prescriber computer order entry.
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The underlying factors related to dosage form errors
include: inadequate caregiver and patient knowledge and
understanding; availability of and difficulty differentiating
between multiple dose formulations; confusing and incon-
sistent nomenclature; inadequate attention to safety con-
cerns in drug preparation and packaging design; product
marketing; and inadequate health care system processes to
safeguard patients. Given the many contributors to these
errors, systems implemented to protect patients from
potential risks must be multifaceted as well.

Formal education of health care providers and patients
regarding the properties, availability, and proper use of the
various medication dosage forms marketed is inadequate.
Cohen'® reported that 35% of nurse anesthetists were
unable to name the proper route of administration of long-
acting injectable penicillin preparations. The inadequacy of
training and resulting lack of appreciation for the impor-
tance of dosage formulation appeared to contribute to a
number of detected errors, such as ordering controlled
delivery agents on an “as needed” basis, ordering controlled
delivery forms to be crushed or given per tube, and failing
to specify the appropriate dosage form when prescribing.
Inclusion of basic information regarding the role of dose
formulation issues in pharmacology and therapeutics
courses for active and in-training prescribers, nurses,
and pharmacists is necessary. As new agents or new
dosage forms of previously marketed agents become
available, health care organizations, “pharmacy and ther-
apeutics” committees, and providers must consider the
role, value, and potential risks of such products.

The nomenclature used for dosage forms is inconsist-
ent and confusing. Terminology varies for individual drugs,
within drug classes, or from one manufacturer to another.
Adding suffixes to established names of medications (e.g.,
Cardizem CD, Depakote ER, Wellbutrin SR) is common.
This practice results in a lack of clear definition of different
formulation properties, and the common problem of
omitting the suffix when prescribing. Interestingly, some
medications were more commonly found to be prescribed
by their brand name, omitting the suffix (bupropion, 13 of
13 occurrences; insulin, 32 of 35 occurrences; nifedipine,
37 of 39 occurrences; venlafaxine, 13 of 15 occurrences),
whereas others were found to be more commonly pre-
scribed as generic drugs without specifying the appropriate
dosage form (cyclosporine, 12 of 12 occurrences; isosorbide
mononitrate, 26 of 30 occurrences; theophylline, 30 of 30
occurrences; verapamil, 22 of 27 occurrences). It is likely
that this reflects the frequency with which these drugs are
referred to or thought of by brand or generic name, and the
impact of marketing of specific agents. Compounding this
problem is the failure of pharmaceutical firms to ade-
quately address safety issues related to dose formulation in
packaging and marketing of products. For example,
controlled-delivery formulations are often available in dose
sizes that are simple multiples of the immediate-release
form. This practice increases the likelihood that standard-
release forms could be used to provide a controlled-release—

sized dose (e.g., nifedipine is available in 10- and 20-mg
standard-release forms, and 30-, 60-, and 90-mg
sustained-release forms). Considering the large number of
agents now available for which suffixes denote special dose
forms, any value this practice has in terms of convenience,
simplification, and product identification, recognition, and
differentiation, is minimal. Use of suffixes in the naming of
medications may now be causing so much confusion, and
possibly patient harm, that the pharmaceutical industry
and FDA should consider a moratorium on the practice
until a full risk assessment can be performed. At a
minimum, to reduce risk, the simple practice of providing
sustained-release forms in dose amounts that are not
simple multiples of other dosage forms should be strongly
considered. The use of unique names for special formula-
tions (i.e., Neoral, Tiazac, Covera HS) might also reduce
risk for error in prescribing by brand name. However, since
specific “brands” of an agent may not be available in all
health care settings, a strong chance for confusion still
exists. Establishing an improved method of selecting and
approving drug names and formulation designations may
reduce the frequency of dose formulation-related errors
and confusion. Pharmaceutical firms and the U.S. Food
and Drug Administration are urged to formally and
systematically address dosage form issues in their drug
naming and design processes.*%-%°

Improving the medication safety processes within
health care generally and, where appropriate, those
specifically related to dose formulation issues is necessary
to the reduction of risk for adverse drug events from these
types of errors.'™6-51:52 Automated processes including
prescriber computer order entry, computer-generated
medication administration records, and bar code reconcili-
ation of medication dispensing and administration could
significantly reduce errors related to dose formulation.®®
Control of access to medications through safe hospital
formulary, purchasing, dispensing, distribution, storage,
and drug stock removal processes can prevent errors
simply by making a medication unavailable or available
only in limited circumstances.®!'%2 This study also demon-
strates the critical importance pharmacist review of
medication orders prior to administration of medication,
as stipulated by the Joint Commission on Accreditation of
Healthcare Organization standards.®* Further, improved
pharmaceutical decision support through incorporation of
pharmacists in patient care has been identified as an
effective method to improve prescribing and reduce risk for
adverse drug events in general, and would likely improve

the prescribing and use of dose formulations.*-5!-5°

CONCLUSIONS

Prescribing errors involving dosage formulations are
common, and without appropriate safety processes such as
pharmacist order review in place, present significant risk to
patients. The increasing use and availability of unique
dosage forms may account for the increasing number of
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errors detected over the 5-year study period. The finding of

recurring errors of similar type supports the concept that
prescribing errors are associated with identifiable factors,
which provides opportunity for targeted improvements in

the process of medication use. Improvements in health care
provider knowledge, dosage form safety design, improved

nomenclature, and improvements in medication use sys-

tem processes are necessary for safeguarding patients from

errors involving medication dosage formulation.

The author wishes to acknowledge the effort of the Albany
Medical Center Pharmacists in the detection of errors and
collection of the data reported in this manuscript
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APPENDIX A

Potential Severity Classifications for Order Errors (Adapted from reference 46)

Note: Classification system provides for assigning a generalized, population-based assessment of risk. It is recognized that errors
rated as “fatal or severe” may produce little or no adverse effects in some patients, just as it is recognized that errors rated as
“significant” may produce life-threatening adverse effects in some patients.

A. Potentially Fatal or Severe Adverse Outcomes (Examples: cardiovascular arrest, serious arrhythmia, stroke, life-threatening

metabolic abnormality, therapeutic failure in life-threatening illness, reaction following administration of a large volume of oral

suspension IV)

1. A dose or dose delivery ordered for 10-fold overdose of medication with low therapeutic index.

2. A dose or dose delivery ordered for a medication with a very low therapeutic index that would potentially produce severe or fatal
adverse effects in a substantial proportion of patients.

3. Adrug, dose, or dose delivery ordered that would produce severe or fatal toxicity in a substantial proportion of patients with similar
medical characteristics.

4. A drug, dose, or dose delivery ordered for a medication for a life-threatening illness or severe disorder that would potentially result
in therapeutic failure in a substantial proportion of patients.

5. Drug or dose form ordered to be administered by route or method that would potentially result in fatal or severe toxicity in a
substantial proportion of patients.

B. Potentially Serious Outcomes (Example: significant cardiovascular decompensation, metabolic disorder requiring urgent

treatment, inadequate, incomplete or significantly delayed therapeutic response in serious or severe illness.)

1. A dose or dose delivery ordered for 4- to 10-fold overdose of medication with low therapeutic index.

2. A dose or dose delivery ordered for a medication with a very low therapeutic index that would potentially produce serious adverse
effects in a substantial proportion of patients.

3. A drug, dose, or dose delivery ordered that would produce serious toxicity in a substantial proportion of patients with similar
medical characteristics.

4. A drug, dose, or dose delivery ordered for a medication for a serious illness that would potentially result in therapeutic failure or
suboptimal response in a substantial proportion of patients.

5. Drug or dose form ordered to be administered by route or method that would potentially result in serious adverse events in a
substantial proportion of patients.

C. Potentially Significant Adverse Outcomes (examples: symptomatic hypotension, metabolic abnormality requiring treatment,

suboptimal therapeutic response, gastrointestinal upset, dizziness).

1. A dose or dose delivery ordered for 1.5- to 4-fold overdose of medication with low therapeutic index.

2. A dose or dose delivery ordered for a medication that would potentially produce some adverse effects in some proportion of
patients.

3. A drug, dose, or dose delivery ordered that would produce adverse effects in some proportion of patients with similar medical
characteristics.

4. Adrug, dose, or dose delivery ordered for a medication that would potentially result in reduced, incomplete, or delayed therapeutic
response in some proportion of patients.

5. Drug or dose form ordered to be administered by route or method that would potentially result in adverse events in some
proportion of patients.




