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The incidence and consequences of medication errors in the neonatal intensive
care unit (NICU) demonstrate the importance of established safety procedures
and guidelines for the prescribing, dispensing, and administration of medications.
As the professional voice of neonatal nurses, the National Association of
Neonatal Nurses (NANN) recommends that appropriate measures and education
be made available to everyone who prescribes or administers medications in the
NICU and that members be proactive in participating in the development and
implementation of safe medication practices in the NICU.

Association Position
Procedures, safeguards, and strategies that ensure accurate administration of
medications to the smallest and most fragile patient populations are at the
forefront of concerns for bedside practitioners in the NICU setting. Healthcare
providers need to ensure that drug therapy achieves maximum benefits and
avoids therapeutic disasters. Organizational, environmental, and human factors
should be taken into consideration when policies and procedures for medication
administration and safety are developed.

Background and Significance
Despite efforts in the United States to standardize a definition of medication
error, various definitions are used in the literature, in national organizations,
within hospitals, and among healthcare professionals. For the sake of simplicity
in this position statement, a medication error is any “preventable event that may
cause or lead to inappropriate medication use or patient harm while the
medication is in the control of the health care professional” (National
Coordinating Council for Medication Error Reporting and Prevention, 2014).
Nationally, the hospitalized patient experiences, on average, at least one
medication error each day (Aspden, Wolcott, Bootman, & Cronenwett, 2007).
The true incidence of medication errors is difficult to determine, in part because
of the various medication error definitions used and the multiple methods of data
collection techniques employed in published research studies. In addition,
voluntary reporting and retrospective reviews identify only a fraction of all
medication error events.
Although establishing the frequency of medication errors in the NICU is difficult,
published studies indicate that medication errors in the NICU are common,
ranging from 13 to 91 medication errors per 100 NICU admissions (Kaushal et
al., 2001; Ross, Wallace, & Paton, 2000; Simpson, Lynch, Grant, & Alroomi,
2004) to approximately 5% of all medication orders (Dabliz & Levine, 2012). In
addition, NICU patients are more likely to experience a medication error than
other hospitalized patients (Sharek et al., 2006) and to experience more harm
when a medication error does occur. The incidence of medication errors
occurring during the care of preterm infants (24 to 27 weeks gestational age) is
reported to be as high as 57%, compared with 3% in the care of full-term infants
(Kugelman et al., 2008). Medication errors occur eight times more often in NICU
patients than adult patients. These data demonstrate that NICU patients require
additional systemwide safeguards against medication errors, and NICU
healthcare providers must be especially vigilant when working with medications.
Three important variables make the medication administration process in the
NICU uniquely and inherently risky: the vulnerable nature of NICU patients, the
complexity of the medications used, and the challenges of the NICU
environment. Patients in the NICU are undergoing maturational changes in drugsensitive areas such as renal, gastrointestinal, and hepatic systems, resulting in
variable responses to drugs and the disease process. Medications are

universally weight based, requiring calculations for each dose. But some of the
drugs used also are based on gestational age, making it even more complex.
NICU patients often have long hospital stays, which increases exposure to
medications and medication errors. In premature infants, the immaturity of
developing body systems affects the absorption, distribution, metabolism, and
excretion of drugs, and therefore, an exponential risk for medication errors is
present (Antonucci & Porcella, 2012; Stavroudis, Miller, & Lehmann, 2008).
NICU patients are nonverbal and unable to actively participate in the patient
identification process, which increases the likelihood of wrong-patient errors.
Wrong-patient errors are common, with an incidence rate of 25% of reported
medication errors (Dabliz & Levine, 2012). The increased incidence of multiple
gestation births has also contributed to the misidentification of NICU patients
(Gray & Goldmann, 2004). In addition, keeping identification (ID) bands in place
on small patients can be challenging because of their fragile skin, their small
wrist and ankle size, and the need to remove the bands for intravenous (IV) line
placement. One research study documented the lack of ID bands in 20%–80% of
NICU patients (Gray et al., 2006.).
Medications commonly used in the NICU are an independent risk factor for
medication errors. These medications often are either unlicensed (i.e., not
registered) or have off-label uses. Conroy (2011) found a higher incidence of
medication errors with unlicensed drugs. In 2008, the Institute for Safe
Medication Practices (ISMP) published a list of high-alert medications that can
cause significant patient harm when used in error. In a recent study,
administration of the high-alert medications described by ISMP has been shown
to be a risk factor for harm in neonatal patients (Stavroudis et al., 2010). Because
very few studies involving many medications commonly used in neonates have
been conducted, information about dosing and anticipated side effects is limited
and variable. The medications dispensed are often adult-strength, requiring
complex, multistep dilutions prior to dispensing or administering them, which
increases the opportunity for errors. Multiple neonatal and pediatric medications
require less than 0.1 mL of stock solution to prepare the dose, leading to a higher
incidence of error (Uppal, Yasseen, Seto, & Parshuram, 2011).
To combat these complex medication error issues, the ISMP and the Vermont
Oxford Network (VON) collaboratively developed a list of standard concentrations
of neonatal drug infusions, with the goal of decreasing medication errors and
stimulating the development of standardized infusion-device drug libraries (ISMP
& VON, 2011). In 2010, the World Health Organization (WHO) published its
Model Formulary for Children, which built on its 2007 publication, Model List of
Essential Medicines for Children. This effort was undertaken to provide the best
information to healthcare providers administering medications to children (WHO,
2010). Of note, 80% of drugs used in the NICU have no safety or prescribing
information for use in this population (Antonucci & Porcella, 2012).

The complex, high-stress NICU environment increases risk to patients. These
environmental factors include a demanding workload, unpredictable workflow
and quickly changing patient acuity, poor lighting and loud noise, and frequent
distractions and interruptions. A number of studies demonstrate that distractions
and interruptions during the medication administration process are a major
contributing factor in medication errors (Beyea, 2007; Pape et al., 2005;
Sumwalt, 1993; Vecchione, 2003). The NICU meets the criteria as a high-risk
environment, which requires specialized attention to reduce the risk of medical
error (Dabliz & Levine, 2012; Institute of Medicine, 1999). In addition, human
factors such as fatigue, burnout and complacency, having a false sense of
security with technology, poor team communication, and intimidation may also
contribute to medication errors (Samra, McGrath, & Rollins, 2011).
The NICU structure and work flow process is an important variable, including
human factors and workplace hazards (Samra et al., 2011). Medication
administration can be compromised on multiple levels, such as delivery of
medications to the wrong patient, dispensing errors, and the design and
malfunction of medical devices. At the organizational level, staffing levels, lookalike and sound-alike drug names, inadequate education for staff, cost-cutting
measures, poor communication, and the environmental design of the unit can
contribute to medical errors (Chuo & Lambert, 2011; Handyside & Suresh, 2010).
Similar to medication error incidence, it is difficult to determine the most common
type of medication error in the NICU because published research results vary.
This variation is likely due to the multiple definitions of harm and the varied ways
to report near misses (Stavroudis et al., 2010). It also may be due to the different
roles of NICU staff members. Prescribers are more likely to make an error when
ordering a medication. Numerous studies identify administration errors as the
most common errors, specifically misprogramming of the syringe pump (Chuo,
Lambert, & Hicks, 2007; Ligi et al., 2008). The most common error for prescribing
providers is in dose calculation; for nurses, wrong time; and for pharmacists,
reviewing prescriptions and diluting medications (Antonucci & Porcella, 2012).
Other studies identify dosing errors during the ordering phase as the most
common medication error (Kaushal et al., 2001; Simpson et al., 2004).
Pharmacists may make dispensing errors and have difficulty diluting stock
solutions to minute amounts; NICU nurses must consider the rights of medication
administration and are in an important position to identify potentially adverse
prescribing and dispensing errors.
Although few trials exist in the literature comparing the effectiveness of
preventive strategies, the majority of medication errors that occur in the NICU are
preventable (Frey et al., 2000; Sharek et al., 2006). Prevention methods cited in
the literature include systemwide changes such as computerized physician order
entry (Kaushal et al., 2001; Taylor, Loan, Kamara, Blackburn, & Whitney, 2008),
the involvement of pharmacists in medication order review and on patient care
rounds (Simpson et al., 2004), the use of smart pumps for medication
administration (Lemoine & Hurst, 2012), the standardization of processes, and

being aware of patient safety advances within other industries (Gray &
Goldmann, 2004). An example of patient safety is the barcode system for
medication administration, which has been found in one study to decrease
preventable adverse drug events by 47% (Morriss et al., 2009). We must support
the promotion of a safety culture by improving communication among NICU staff
and creating an environment that includes medication error reporting, monitoring,
tracking, and prevention management, with the potential for creating new
strategies to improve existing practice (Samra et al., 2011).
Medication safety can be enhanced by technology (e.g., bar code medication
administration and prescriber order entry); hardwired through the use of
checklists, standard formularies, and standard drug concentrations; and
improved by pharmacists on bedside rounds. There must be the involvement of a
multidisciplinary NICU team, with a mindful, educated NICU nurse who is aware
of the unique risk factors that exist for the neonate and the high potential that
exists in the NICU for medication errors. Technology alone will not prevent
medication errors. Rather, it is the combination of the alert NICU nurse, a
dedicated NICU team, the appropriate use of technology, and a safety-conscious
NICU environment that offers the most comprehensive strategy for preventing
medication errors.

Recommendations
The Joint Commission delineates specific hospital-wide medication safety
standards, which are applicable to the NICU (www.jointcommission.org). In
addition to these standards and any applicable state standards, NANN
recommends the following practices to those caring for the neonatal population.
Adoption of a Systems Approach to Medication Safety
1. Preventing medications errors requires a systemwide, multidisciplinary,
patient-centered effort to create a culture of safety and identify and correct
system and individual failures (Campino, Lopez-Herrera, Lopez-deHeredia, & Vallis-i-Soler, 2009; Dabliz & Levine, 2012).
2. Medication errors, potential errors (near misses), adverse drug events,
and systems’ issues are reported in a confidential, nonpunitive
environment. A system-based approach to error investigation is a priority
with corrective action taken to reduce recurrences (Thomas, CordonnierJourdin, Benhamou-Jantelet, Divine, & Le Louet, 2011).
3. Medication safety is included as part of the NICU performance
improvement plan, including root cause analysis (retrospective
investigation of a sentinel event by a multidisciplinary team using
observation, interviews, and chart reviews) and development of action
plans that correct systems’ flaws.
4. Clear, specific policies and procedures that outline how medications are
ordered, processed, dispensed, administered, and monitored have been
established and are accessible to all healthcare professionals involved in
the medication use process in the NICU.

5. All technology that is implemented in the NICU to improve medication
safety is evaluated in a multidisciplinary fashion. All aspects of the
technology, including its efficacy in enhancing safety and making a
positive impact on work-flow issues, are evaluated.
6. As part of creating a culture of safety in the NICU, all staff members are
encouraged to report medication errors or potential errors, engage in
improving the medication use process, and regularly share results of
medication safety efforts.
7. The nursing staff is involved in the development, implementation, and
evaluation of medication delivery systems used in the NICU.
8. All staff members charged with writing for and administering medications
are familiar with and have access to error tracking and reporting systems.
An open, just culture for the reporting and reviewing of medication errors
is encouraged (Stucky, American Academy of Pediatrics Committee on
Drugs, & American Academy of Pediatrics Committee on Hospital Care,
2003).
Education
1. Medication safety is identified as a core competency for all staff in the
NICU and is included in the orientation education given to all new hires in
the NICU and in ongoing annual education. Medication safety education
includes medication administration best practices and policy review and
may be provided in a variety of modalities including written, lecture,
simulation, procedural review, and readily available medication reference
material. Also, medication safety efforts should regularly be shared with all
staff, with a focus on problem prone processes and prevention efforts.
2. NICU staff members remain current and proficient in the use of medication
delivery devices (e.g., infusion pumps, syringe pumps) and are aware of
the potential for errors with these devices (American Society of HealthSystem Pharmacists, 2008; Stucky et al., 2003).
3. All healthcare providers who participate in the medication use process
participate in educational programs in calculating, prescribing, preparing,
and administering medications for neonates (Stucky et al., 2003).
4. Know the diagnosis, patient, and intended pharmacologic recommended
treatment, including both pharmacokinetics and pharmacodynamics
(Dabliz & Levine, 2012).
NICU Environment and Medication Safety
1. The specific environment in which medications are prescribed, prepared,
and administered is evaluated, with a focus on lighting, available work
space, control of distractions, availability of reference materials, and
availability of frequently used supplies.
2. Adequate staffing levels are followed, with acceptable workload and,
schedule permitting, sufficient rest to prevent fatigue errors (Dabliz &
Levine, 2012; Kenyon, Gluesing, White, Dunkel, & Burlingame, 2007).

3. Staff members attempt to reduce distractions during all phases of the
medication process by avoiding interrupting healthcare providers during
medication ordering and other nurses during medication administration.
Medication Ordering, Dispensing, and Administration Practices
1. System processes are in place, including medication preparation by
pharmacy, standard concentrations of medications whenever possible,
limited use of high-alert medications and small volume doses when
possible, computerized order-entry systems, barcode medication
verification with limitation of work-around processes, and limited
interruptions during patient handoff (Jozefczyk et al., 2013; Morriss,
Abramowitz, Carmen, & Wallis, 2009; Morriss et al., 2009, 2011).
2. All medications and calculations are checked independently by another
licensed professional prior to administration (American Society of HealthSystem Pharmacists, 2008; ISMP, 2003; Stucky et al., 2003).
3. Standard references for use in drug evaluation, selection, and use have
been identified (American Society of Health-System Pharmacists, 2008;
Eisenhut, Sun, & Skinner, 2011; Stucky et al., 2003).
4. Availability of a reliable and standardized method to obtain pediatric and
neonatal drug reference information, which would ideally be available
electronically (De Giorgi, Guignard, Fonzo-Christe, & Bonnabry, 2010).

Conclusions
NICU nurses care for a uniquely vulnerable population of patients who require
additional safeguards to ensure that medication errors are prevented and harm
mitigated. Medication administration in the neonatal population is a high-volume,
high-risk activity with a narrow margin of error between therapeutic benefits and
lethal consequences. Working in a multidisciplinary and collegial fashion, NICU
healthcare professionals should strive to develop standardized safety practices in
the prescribing, dispensing, and administration of medications in the NICU. Along
with these efforts, a robust plan for monitoring and reducing medication errors is
critical.
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