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ABSTRACT

Introduction: Opioid abuse in the United States is a public health emergency. From 2000 to 2009, prenatal maternal opiate use
increased from 1.19 to 5.63 per 1,000 births, with up to 80% of in utero opioid-exposed infants requiring pharmacotherapy. This
study aimed to increase the percentage of neonatal abstinence syndrome (NAS) medication orders based on birth weight (BW) in
neonates admitted to a neonatal intensive care unit with a principal diagnosis of NAS from 29% to 90%, within 4 months of project
initiation, and to sustain this for 6 months. Methods: This project occurred at an academic medical center with 5,000 deliveries
per year and a 49-bed Level lll neonatal intensive care unit. We used the Institute for Healthcare Improvement methodology, largely
focusing interventions on clinical decision support (CDS) tools. We plotted all measures on Shewhart charts, and Nelson rules dif-
ferentiated special versus common cause variation. Results: The percent of orders based on BW increased from 29% to 78% after
implementing multiple interventions focused primarily on CDS. However, this later decreased to 48% as workarounds began. There
was also a significant decrease in the length of stay variability, which persisted throughout the project. Discussion: CDS is a helpful
tool to guide prescribing behavior; however, workarounds can negate its usefulness. Standardized use of BW for weight-based NAS
medication prescribing can decrease the length of stay variability. Further studies are needed using a human factors approach to
minimize workarounds in CDS and potentially decrease the length of stay in neonates with NAS. (Pediatr Qual Saf 2019;4:€184;
doi: 10.1097/pg9.0000000000000184; Published online June 28, 2019.)
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CDS to Improve DW Use in Infants with NAS

Although all these infants should also receive nonphar-
macologic management (eg, swaddling, rocking, minimiz-
ing stimulation and increased feeding frequency), up to
80% of neonates with ITUOE also require pharmacologic
therapy.>® Pharmacologic therapy for moderate-to-severe
NAS symptoms helps prevent complications including
fever, excessive weight loss, and seizure while promot-
ing maternal-infant bonding.®” Despite the burden of
NAS, pharmacologic therapy is variable across provid-
ers and institutions. Although first-line medications are
frequently opioids, such as morphine, many other med-
ications treat withdrawal including benzodiazepines,
barbiturates, alpha-2 adrenergic agonists, and others.®
Center-specific pharmacologic treatment protocols de-
crease the length of stay and length of treatment without
increasing the number of infants requiring pharmacologic
therapy.® However, the superiority of weight-independent
fixed dose titration versus weight-based dosing regimens
for pharmacologic treatment is not evident.””

The Nationwide Children’s Hospital neonatal intensive
care unit (NICU) at the Ohio State Wexner Medical Center
uses protocol-guided care for patients admitted with NAS
due to opiate or polysubstance exposure in utero. The NAS
protocol encompasses initiation, escalation, and weaning
with weight-based morphine dosed as first-line pharma-
cologic therapy. Also, weight-based adjunctive therapy
(clonidine or phenobarbital) may be added as indicated.
Because most infants requiring pharmacologic therapy are
below birth weight (BW) at the time of treatment initia-
tion, BW is the infant’s dosing weight (DW) for treatment.

Furthermore, DW should not change throughout the
infant’s NICU course. The rationale for not adjusting DW
is two-fold: (1) consistency, as entering incorrect DW may
lead to prolonged suffering, prolonged medication weans,
or potential overdose and (2) as the infant grows, contin-
uing medication dosing based on BW allows the infant to
“auto-wean” in addition to weaning per protocol. At the
outset of this project, review of NAS medication orders
over 4 months revealed 43 % of all administered doses were
at the appropriate amount, whereas 46% and 11% were
underdosed and overdosed, respectively (Fig. 2). The specific
aim of this quality improvement project was to increase the
percentage of NAS medication orders based on BW in neo-
nates admitted to Nationwide Children’s Hospital NICU at
the Ohio State Wexner Medical Center with a principal di-
agnosis of NAS from 29% to 90% by December 31,2017,
4 months after project initiation, and sustain this increase
for 6 months, in hopes of decreasing length of stay.

METHODS

Context

This project occurred in a large academic center with ap-
proximately 5,000 deliveries per year and a 49-bed level
IIT NICU. The NICU staffing includes at least one in-house
neonatologist, neonatal-perinatal medicine fellows, neo-
natal nurse practitioners along with primarily first- and

Pediatric Quality and Safety

second-year medical residents. Medical residents spend a
total of 2 months in the NICU, one during the first year
and one during the second year. Neonatal clinical pharma-
cists are present for rounds during the weekdays and avail-
able for consultation by phone on nights and weekends. If
medically stable, all infants with TUOE stay with mothers
in the postpartum unit allowing for enhanced bonding and
nonpharmacologic treatment of withdrawal symptoms. All
infants with TUOE undergo modified Finnegan scoring!®
every 3—4 hours with feeds. Those infants meeting criteria
for pharmacologic treatment of NAS are transferred to the
NICU for enhanced monitoring and increased nurse-to-pa-
tient ratios. We treat infants with NAS according to the pre-
viously mentioned protocol. A protocol update occurred in
February 2018 independent of this project. Both protocols
use weight-based morphine dosing as a first-line treatment
with clonidine and phenobarbital as adjuncts after discus-
sion with a clinical pharmacist. Our protocol uses weight-
based dosing due to the concern for potential higher than
necessary medication doses in smaller infants when using
a weight-independent approach. Of note, despite being in
the same building, the NICU and the postpartum unit are
operated by 2 separate entities; therefore, the transition
from one location to the other requires a separate elec-
tronic health record (EHR) encounter and new orders.

Interventions

This study used the Institute for Healthcare Improvement
methodology with multiple rapid cycles of change, or plan,
do, study, act cycles.!! A multidisciplinary team, including
physicians, nurse practitioners, residents, nursing, nursing
leadership and educators, and pharmacists, met and de-
veloped the key driver diagram (Fig. 1). Because medical
residents (the primary order writers) change every 4 weeks,
interventions focused on utilizing the EHR and clinical de-
cision support (CDS) tools. In September 2017, the team
rolled out an NAS bundle, consisting of the following: (1)
educating providers about DW, the use of BW as DW for
infants within the first week of life, and appropriate pro-
cedure to update DW for medications not related to NAS
treatment; (2) defaulting NAS medications (morphine,
clonidine, and phenobarbital) to infant’s DW; (3) improve-
ment of the NAS admission order set and development of
an NAS continuation order set for use ordering any NAS
medications after the time of admission; and (4) utilizing
CDS in the NAS order sets, including red explanation
points, for orders without an entered DW.

Additional interventions included utilizing pharmacists
and nurses as change agents during the ordering and ad-
ministration process; comparing the medication order
weight against the infant’s BW; and additional education
about the importance of DW. Education included present-
ing the definition and appropriate use of DW at a nurse
staff meeting. It also included monthly presentations to
residents including the DW definition and how to update
this in the EHR, and posting a brief, easy to read DW fact
sheet in the resident workroom.
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Fig. 1. Project key driver diagram.

Measures

The outcome measure of this project was the percent of or-
ders for NAS medications based on the BW. This measure
was obtained by reviewing all orders placed for morphine,
clonidine, and phenobarbital in infants with a diagnosis
of NAS. For this initiative, we included medication orders
for infants with a primary diagnosis of NAS and excluded
those for infants less than 35 weeks and those with a dif-
ferent principal diagnosis, including congenital malforma-
tions, respiratory distress syndrome, meconium aspiration
syndrome, etc. Percent of orders with a DW entered and the
sum of weights per patient were process measures, whereas
the length of stay was a balancing measure.

Analysis

All data were manually extracted from the EHR and collected
using Microsoft Excel 2016.12 Measures were tracked on
control charts over time using a locally developed Microsoft
Excel plug-in. Control chart analysis used the Nelson rules to
identify common versus special cause variation.

Ethical Considerations

The project was quality improvement research and not
human subjects research. Therefore, review and approval by
the institutional review board were not required per policy.

RESULTS

We collected baseline data from May through August
2017. The number of NAS medication orders placed on
BW during the baseline period was approximately 29%
(by weekly average), although the percentage of total or-
ders based on BW during this period was 43% (Figs. 2
and 3). Additionally, during this time, 39% percent of

medication doses were underdosed by greater than 3% of
the expected amount, whereas only 6% of administered
medications were overdosed by greater than 3% (Fig. 2).
After implementing the DW bundle, orders placed on BW
improved significantly to 78%, according to the Nelson
rules (Fig. 3). Concurrently, the percentage of patients
with a DW entered increased from 18% to 100% (Fig. 4).
This improvement in BW use, however, was not sustained.
In December 2017, BW use decreased to 48 %. At this time,
there were some orders without a DW entered, although
these points were still within common cause variation.
From February to March 2018, multiple points clustered
below the center line for the outcome measure but did
not reach statistical significance. With decreased compli-
ance, the average number of weights per patient increased
(see figure, Supplemental Digital Content 1: Number of
Weights Per Infant U-Chart. Weeks without a data point
reflect weeks where there were no infants admitted with
NAS. Available at bttp://links.lww.com/PQ9/A103).
Importantly, we noted a significant decrease in the vari-
ation of length of stay when the percent of orders based
on DW improved (Figs. 3 and 5; figure, Supplemental
Digital Content 2: Length of NICU Stay for Infants with
NAS MR-Chart. Available at bttp://links.lww.com/PQ9/
A104). Of note, the end of February through March saw
a decrease in the percent of orders based on BW despite
100% compliance with DW entry.

DISCUSSION

Summary and Interpretation

Due to the rapid turnover of the primary ordering pro-
viders, medical residents, we focused this project’s inter-
ventions on utilizing CDS support tools within the EHR.
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NAS Medication Doses Administered During Baseline
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Fig. 2. Pareto chart for deviation in NAS medication dosing during the baseline period.
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Fig. 3. Outcome measure—NAS medication orders using BW. 1. Bundle initiated*. 2. DW fast fact sheets posted. 3. PharmD encour-
aged to discuss DW during rounds. 4. NAS protocol update. 5. RNs empowered to clarify deviance in practice. *Bundle: Education
for providers on DW and when to update; NAD medications defaulted to DW; NAS Admission order set improved; NAS continuation

order set created; Alert generated at the time of order when no DW present.
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Fig. 4. Process measure—percent of Infants with NAS with a DW entered in the EHR. 1. Bundle initiated*. 2. DW fast fact sheets
posted. 3. PharmD encouraged to discuss DW during rounds. 4. NAS protocol update. 5. RNs empowered to clarify deviance in
practice. *Bundle: Education for providers on DW and when to update; NAD medications defaulted to DW; NAS admission order set
improved; NAS continuation order set created; Alert generated at the time of order when no DW present.

The combination of education about DW with the other
CDS bundle components led to a significant improve-
ment in the outcome measure—NAS medications ordered
based on DW. Notably, we did not sustain this result. In
December 2017, there was a decrease in the percent of
the time a DW was entered, concurrently with a decrease
in the outcome measure. This initial decrease in the med-
ication orders based on BW was likely secondary to not
having the BW entered as the DW. At the end of February,
however, there was a return to 100% compliance of DW
entry, with a persistently decreased number of medication
orders based on BW. This finding was likely secondary to
the development of workarounds as ordering providers
clicked “current weight” when ordering NAS medica-
tions or entered a “medication-specific weight” instead
of using DW. Supporting this is the fact that NICU phar-
macists entered the majority of DW during this period
instead of allowing this to be performed by the order-
ing provider at the time of medication entry. With the
implementation of the CDS tools, the group focused on
updating the order sets and appropriate support within
the order sets. Initially, we purposefully did not change
the medication ordering outside the order set, as these
medications, particularly morphine and phenobarbital,
are ordered for other indications. We have since begun
discussion with a psychologist specializing in behavioral
economics to help decrease the use of workarounds and

improve the outcome. We speculate that indication-based
ordering for these medications may allow improved CDS
for ad hoc orders and, therefore, improved outcomes.
Also, this NICU is looking toward using DW for all med-
ication orders, which would allow for additional EHR
enhancements, particularly defaulting medication weight
to DW, which could also improve appropriate dosing
when ordering medications outside the order set.

We struggled to maintain consistent use of these order
sets, which likely resulted in the faltering outcomes. At
this institution, medical residents infrequently use order
sets. Also, the EHR used by this offsite NICU is different
than the EHR utilized by the same medical residents at
the pediatric hospital where they primarily rotate. As a re-
sult, each medical resident must be educated and add the
unit-specific order sets to their profile for use during initial
orientation to the NICU. Currently, we cannot automat-
ically add these to each person’s preference list who logs
in under the NICU environment, although we are looking
at the possibility of doing this in the future. This issue
highlights the importance of minimizing the opportunity
for workarounds when implementing CDS. These results
are consistent with prior literature suggesting CDS has
the potential to improve practitioner performance and is
most effective when it is integrated into the workflow of
the provider, prompting users as opposed to requiring the
system to be activated.!>*
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Fig. 5. Length of NICU Stay for Infants with NAS —X-bar chart demonstrating shrinking variation in the length of stay based on sup-
porting MR chart in figure, Supplemental Digital Content 2, http://links.lww.com/PQ9/A104. 1. Bundle initiated*. 2. DW fast
fact sheets posted. 3. PharmD encouraged to discuss DW during rounds. 4. NAS protocol update. 5. RNs empowered to clarify
deviance in practice. *Bundle: Education for providers on DW and when to update; NAD medications defaulted to DW; NAS admis-
sion order set improved; NAS continuation order set created; Alert generated at the time of order when no DW present. A (a+bx)A1/3
transformation to correct for right skew was used to determine control limits. Limits were then reverse transformed to reflect original

data metrics.

Importantly, with the improvement in the percent of or-
ders placed on DW, we saw a decrease in the variation in
the length of stay for these infants. This decrease is likely
due to gaining initial control of these infants’ symptoms
faster, given that before the interventions the majority of
the children were underdosed. It is likely that we did not
yet see an increase in variation in the length of stay after
decreased compliance with DW use as there is a delay in
data acquisition due to the length of stay being plotted
based on admission data.

Limitations

This study had various limitations. First, a weight was de-
termined to be “inappropriate” if not based on BW. It is
possible that there are instances where older infants have
a prolonged course and require a rescue or loading dose of
clonidine or phenobarbital. In these cases, the team may
decide to dose the medication base on the infant’s current
weight, resulting in an intentional higher dose of medica-
tion. Because we extracted these data from the EHR, it is
not possible to determine when aberrancies in the weight
used was intentional versus unintentional. We would ex-
pect that throughout the project, this practice would have
been relatively rare, and would have remained consistent.

Also, it is possible that the team decided to con-
tinue with the weight used for treatment initiation
throughout the infant’s course. Again, this is difficult to
discern. For this reason, we collected data for the total
number weights used per patient throughout the pro-
ject, with a goal of one weight per patient, that is, the
same weight used throughout the infant’s NICU stay
(see figure, Supplemental Digital Content 1, http://links.
how.com/PQ9/A103). The number of weights per pa-
tient mirrored the outcome measure control chart (Fig. 3;
figure, Supplemental Digital Content 1, http://links.lww.
com/PQ9/A103). At baseline, there was an average of 2
weights per infant, which decreased to one when there
was an improvement in the percent of orders based on
DW. Although there was not a significant increase, the
number of weights trended up starting in December 2018
with a special cause point outside of the control limits
in March 2018 as the percent of orders based on DW
decreased.

CONCLUSIONS

This study demonstrates the ability to decrease variation
in the length of stay utilizing appropriate weights for
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weight-based dosing of NAS medications. It also high-
lights the potential detrimental effect that workarounds
can have on outcomes and the need to utilize a human
factors engineering approach. Utilizing this approach
when designing CDS will make it “easier” for staff to do
the “right” thing and more “difficult” to do the “wrong”
through automation. The next steps in this project are
working toward enhancing the use of order sets through
behavioral economic principles and moving toward indi-
cation-based ordering.
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