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Laboratory testing is performed frequently in the NICU.

Unnecessary tests can result in increased costs, blood loss, and pain, which can
increase the risk of long-term growth and neurodevelopmental impairment.
Our aim was to decrease routine screening laboratory testing in all infants
admitted to our NICU by 20% over a 24-month period.

We designed and implemented a multifaceted quality improvement
project using the Institute for Healthcare Improvement’s Model for
Improvement. Baseline data were reviewed and analyzed to prioritize order of
interventions. The primary outcome measure was number of laboratory tests
performed per 1000 patient days. Secondary outcome measures included
number of blood glucose and serum bilirubin tests per 1000 patient days,
blood volume removed per 1000 patient days, and cost. Extreme laboratory
values were tracked and reviewed as balancing measures. Statistical process
control charts were used to track measures over time.

Over a 24-month period, we achieved a 26.8% decrease in laboratory
tests performed per 1000 patient days («~51 000 fewer tests). We observed
significant decreases in all secondary measures, including a decrease of almost
8 L of blood drawn and a savings of $258 000. No extreme laboratory values
were deemed attributable to the interventions. Improvement was sustained for
an additional 7 months.

Targeted interventions, including guideline development,
dashboard creation and distribution, electronic medical record
optimization, and expansion of noninvasive and point-of-care testing
resulted in a significant and sustained reduction in laboratory testing
without notable adverse effects.
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Laboratory testing is performed
frequently in the NICU for
diagnostic and screening purposes
and to guide clinical management.
Exposure of the developing brain
to repeated painful procedures
may have a deleterious effect on
cognitive and motor development,
somatic growth, and pain
processing, and can increase the
risk of future anxiety and
depression.l'3 In the short-term,
frequent blood sampling may
precipitate anemia and the need
for transfusion.*® A better
understanding of the magnitude of
harm related to repeated
laboratory testing in the NICU
population could change the
perception of a test being “just
another heel stick.”

Neonates admitted to an ICU
undergo 7.5 to 17.3 painful
procedures per day, with more
procedures occurring in the most
vulnerable infants of lower
gestational age (GA).® Although
opinions vary on what constitutes
“painful,” the burden is
considerable,’ 7712 and the
necessity of each laboratory test
must be carefully considered.
Authors of a retrospective review of
preterm infants determined that
interventions in response to
abnormalities on a screening
hemogram occurred in only 8.4% of
infants <28 weeks’ GA, 4.6% of those
28 to 31 weeks’ GA, and 0% of
infants 32 to 34 weeks’ GA.'?

In December 2016, 2 team members
attended a seminar on the effects of
pain on the developing brain and
then conferred with colleagues in
Yale Internal Medicine who had

2

conducted a successful effort to
improve inpatient laboratory test
use.'* After collecting baseline use
data and reviewing existing practices,
we proceeded with the assumption
that some screening tests were not
necessary for patient care. We
hypothesized that a reduction in
such testing could be achieved
without negatively impacting care
and, in turn, could decrease pain,
blood loss, and costs.

The primary aim with this
interprofessional collaborative effort
was to reduce the rate of laboratory
testing in the entire Yale New Haven
Children’s Hospital (YNHCH) NICU
population by 20% over 24 months
(January 1, 2017-December 31,
2018) and to sustain the effort
(January 1, 2019-July 31, 2019). The
purpose with this article is to
describe the process by which a
change in clinical care was brought
about and to discuss management of
barriers to change that can aid in
implementation of similar programs.

YNHCH is a nonfreestanding
children’s hospital in New Haven,
Connecticut. Our 68-bed level IV
NICU supports a high-risk delivery
service and is a regional referral
center for infants with complex
medical and surgical conditions. In
our NICU, patient-care rounds are led
by an attending neonatologist or
neonatal-perinatal medicine fellow
and includes advanced practice
providers, nurses, residents, and
medical students. Decisions
regarding the frequency of routine
laboratory studies are based on team
discussion with final approval from
the attending. Orders are placed by
advanced practice providers and
residents.
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We designed and implemented a
multifaceted project using the
Institute for Healthcare
Improvement’s Model for
Improvement. In January 2017, a
multidisciplinary team was
assembled to explore the scope of
the problem, identify measures, and
design and execute plan-do-study-act
(PDSA) cycles. A key driver diagram
was developed (Fig 1), and baseline
data were obtained. In the absence of
published data, we chose the lowest
monthly rate of laboratory testing
observed during our baseline period
(which in March 2014 was 20%
below the mean testing rate) as our
postintervention goal.

A Pareto chart was created to
prioritize interventions (Fig 2), and
guideline development was
conducted through an iterative
process involving regular meetings of
invested clinical staff. No laboratory-
based practice guideline existed in
our NICU at the time. Guideline
design was aimed at screening and
not intended to address clinical
scenarios (eg, when to obtain a blood
gas in a neonate with respiratory
failure). Applicable data and expert
opinion were used, when possible.
Recommendations regarding testing
frequency were categorized by test
and subcategorized by degree of
illness, prematurity, postmenstrual
and chronological age, and comorbid
conditions. Proposed schedules did
not account for abnormal results,
which necessitated more frequent
and additional testing. Educational
efforts were conducted, feedback was
sought from staff and from our NICU
Family Advisory Council, guidelines
were modified, and final distribution
occurred in January 2018.

KLUNK et al
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In March 2018, our information
technology service’s joint data
analytics team created an electronic

dashboard linked to our electronic
medical record (EMR), allowing us
to prospectively monitor every test

performed in our NICU. Displayed
data compared baseline and
current laboratory studies
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FIGURE 2

Pareto chart depicting the cumulative percentage of specific laboratory tests performed during the baseline period (January 1, 2014,
through December 31, 2016). CBC, complete blood count; SUN, serum urea nitrogen.
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performed per 1000 patient days
(PDs), blood volume taken, and the
frequency of selected extreme
laboratory values (ie, balancing
measures), with subcategorization
available by birth weight, day of
life, time period, and ordering
physician (Supplemental Fig 7).

Pareto analysis revealed that
glucose levels accounted for 43.7%
of all laboratory studies performed
(Fig 2). Subsequent efforts focused
on interventions to safely decrease
glucose monitoring. Our NICU policy
stated that every newborn admitted,
irrespective of GA and diagnosis,
necessitated hourly glucose
screening for 6 hours. In the
absence of supporting data, this
“one-size-fits-all” approach was
abandoned, and individualized risk-
based screening was implemented in
March 2018. EMR note templates
were modified to include displays of
recent glucose values and a hard
stop necessitating daily
documentation of the desired
screening frequency. This stimulated
discussion and allowed for a clearly
prescribed plan. An order set was
developed to support this practice
change, and a PDSA cycle was
performed aimed at avoiding
duplicate glucose testing (an order
modification included a reminder
not to perform simultaneous point-
of-care [POC] testing if a laboratory
panel containing glucose was
obtained). Implementation occurred
in May 2018.

In April 2018, monthly automated
dashboard distribution via
electronic mail to all clinical staff
was initiated to allow for
transparency of tracked measures
and stimulate discussion and
feedback. The dashboard was also
available via the hospital intranet. In
December 2018, a modification
allowed stratification by attending

4

neonatologist. Each laboratory test
was linked in the EMR to the
attending of record or to the
admitting neonatologist. Attending
physicians could view their baseline
and current performance data
compared with the entire faculty
(Supplemental Fig 8).

Transcutaneous bilirubin (TCB)
monitoring for neonates =35 weeks’
GA was implemented in June 2018
accompanied by guideline
development and extensive
education focusing on proper and
safe use based on American
Academy of Pediatrics’ guidelines.’
This included the recommendation
that a serum bilirubin be obtained
for a TCB value within 70% of
phototherapy level. Additional
transcutaneous carbon dioxide
monitors were purchased in July
2018. Guidelines specified that a
blood gas be obtained to verify
correlation when the monitor was
first placed, once daily, and at the
clinical discretion of the treating
team (eg, if extreme values were
noted).

5

In January 2018, new POC testing
devices were trialed that could
measure several high-yield analytes,
including glucose, blood gas,
bilirubin, hemoglobin, sodium,
potassium, chloride, and ionized
calcium. They used a fraction of the
blood required for central testing
and allowed the ability to order
individual tests instead of laboratory
panels. Use was suspended in
February 2018 because of
calibration issues and
reimplemented in June 2018.

The primary outcome measure was
total number of laboratory tests
performed per 1000 PD and
included every blood test (POC or
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central laboratory) performed in our
NICU. Secondary outcome measures
included blood glucose and serum
bilirubin tests per 1000 PD. These
outcomes were identified as vital
contributors to the total number of
tests performed during the baseline
period, thus warranting targeted
interventions. Blood loss was
included as an additional outcome
measure and estimated by
multiplying the number of each
specific laboratory test performed
by the minimum amount of blood
required to perform that test. Cost
estimates for each laboratory test
were obtained via our hospital
finance division. The direct cost of a
test performed in our central
laboratory included all costs
associated with resulting that test.
This encompassed supplies
(including the cost to lease
instrumentation), courier expenses
for transport of specimens, and
salaries of laboratory technologists.
Labor was included in the estimate
because the volume of tests
performed in the central laboratory
directly affects the number of
technologists required to be on staff.
Estimates for POC testing, which is
performed exclusively by NICU
nurses, was based solely on supply
costs. Unlike central laboratory
testing, POC testing is performed at
the bedside (ie, a courier is not
required) and the volume of POC
tests performed has no influence on
salaries or staffing ratios. The initial
cost to purchase POC testing and
noninvasive monitoring devices was
not included in our estimates
because they were not specifically
acquired for the purpose of this
initiative.

Process measures included
guideline compliance via EMR
audits, which were conducted by
the team leader. Given the
breadth of the guideline,
adherence to a single test was
selected as a representative

KLUNK et al
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measure of compliance. Additional
audits occurred when new
practices were introduced (eg,
TCB monitoring). Deviations, if
deemed inappropriate, were
addressed in real time via direct
feedback.

Balancing measures represented an
objective assessment of whether
interventions to decrease
laboratory use resulted in more
extreme values. Values were linked
to the EMR of each corresponding
infant to facilitate individual review
and informal root cause analysis
and included sodium levels >160
or <120 mmol/L, total calcium
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Statistical process control was
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nocere. The difficulty is in
determining which tests are
unnecessary. Interventions involved
increasing awareness, encouraging
open dialogue, using validated,
noninvasive instruments, and
creating practice guidelines within
accepted standards of care. These
were not experimental interventions
but, rather, accepted and necessary
aspects of the practice of medicine.

This project met specified criteria
for a quality improvement initiative
and was therefore deemed exempt
from review by our institutional
review board.

A total of 179 113 laboratory tests
were performed on 2532 infants
between January 1, 2014, and
December 31, 2016 (3417 per 1000
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PDs), including 78 237 glucose
levels, 27 355 blood gases, and

16 242 serum bilirubin levels, and
necessitating 33.4 L of blood.

We achieved a 26.8% reduction in
our primary outcome measure (from
a baseline mean of 3417 to 2501
laboratory tests per 1000 PDs) over
24 months and achieved
sustainability (Fig 3). Shifts in the
centerline for rates of all laboratory
and glucose tests (Figs 3 and 4)
were achieved in January 2017.
Some immediate improvement may
be attributed to the Hawthorne
effect, but sustainment was likely
related to team assembly, education,
and practice guideline creation. A
further shift in centerline for both
statistical process control charts in
May 2018 likely reflected a focus on
glucose screening. The final rates of
2161 total laboratory studies

(36.8% decrease from baseline) and
927 glucose levels per 1000 PD
(37.9% decrease) were maintained
through July 2019 and based on
data from 2451 infants.

A shift in rates of serum bilirubin
levels was noted in June 2017,
which we attributed to practice
guideline implementation. TCB
monitoring likely resulted in a
second centerline shift in October
2018. Overall, the rate of serum
bilirubin tests decreased by 32.9%
(313 to 210 tests per 1000 PD) (Fig
5). We also observed a 20%
reduction in electrolyte testing, a
29% reduction in complete blood
counts, and a 32.6% reduction in
blood gases during the intervention
period.

A shift in blood volume removal was
noted in January 2017 and
sustained, resulting in a 24%
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decrease and an estimated savings
of 7.9 L of blood over 31 months.
We also noted an initial and
sustained shift in the monthly cost
of laboratory testing beginning in
January 2017 (Fig 6). This 29%
reduction equated to an estimated
cost savings of $258 700 from
January 1, 2017, through July 31,
2019, with variation in cost
decreasing over time as care became
more standardized.

Guideline adherence to screening
complete blood count monitoring in
the first 2 weeks of life for very low
birth weight infants was assessed
monthly as a surrogate marker for

PEDIATRIGS Volume 148, number 1, July 2021

overall guideline compliance. Mean
compliance was 87.9% (range:
69.5%-100%). Compliance with
proper use of TCB monitoring (eg,
correct GA, reflex serum bilirubin
level obtained) was assessed every 2
to 4 weeks, with a mean compliance
of 93.8% (range: 73.3%-100%).

Seven hundred twenty-one glucose
values <25 mg/dL were identified
(1.1% of all glucose values) in the
intervention period. Given the
volume of abnormal tests, rates
were compared between baseline
(15.5 per 1000 PD) and intervention
periods (13.8 per 1000 PD), with no
concerning trends noted. Extreme
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sodium, calcium, and hematocrit
values were reviewed individually.
Forty sodium values (0.3% of
sodium values obtained) were
investigated in 16 infants, 27
(67.5%) of which occurred in

8 neonates 22 to 25 weeks’ GA in
the first 5 days of life. The median
time that a sodium value had been
checked before an extreme value
was 12 hours. Twenty-two extreme
calcium values (0.2% of calcium
values) were identified in 16 infants,
9 of which (40.9%) were the initial
value obtained in the first day of
life. In the remaining 13 cases, the
median time from the last value
checked was 12 hours. Twenty-one
hematocrits <20% (0.2% of
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Annotated X and MR control charts depicting laboratory costs in US dollars per 1000 NICU PDs by month from January 1, 2014, through July
31,2019. A, X-chart. B, MR chart. LCL, lower control limit; UCL, upper control limit.

hematocrit values) were identified
in 20 infants, with 11 (52.4%)
occurring in the setting of acute
hemorrhage. On detailed review, no
extreme values or known related
complications (eg, symptomatic
hypoglycemia) were attributed to

practice changes related to our
initiative. Although bilirubin was not
assessed as a balancing measure,
TCB implementation was audited for
guideline compliance, and no
deviations were found to have

resulted in a need for, or delay in,
intervention.

We achieved our primary aim of
reducing laboratory testing in our

8 KLUNK et al
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NICU with no identifiable
relationship between
interventions and perceived harm.
Less quantifiable benefits can also
be extrapolated. A decrease in
testing reduces workload on
laboratory staff, providing
additional cost savings. The family
experience may also be improved,
because some of the anxiety
associated with having an infant in
the NICU may be allayed by less
frequent blood draws. Although
our project was conducted in a
NICU, we believe that the bulk of
our interventions, including
educational efforts, guideline
development, the use of POC
testing and noninvasive
monitoring, and creation of data
dashboards linked to the EMR, are
not unique to neonates and can be
successfully replicated in other
patient-care areas and
populations.

Although it is difficult to identify
one specific intervention that was
most impactful, we believe that
team formation, ongoing education,
and practice guideline development
and implementation to reduce
variability in practice were critical
steps in establishing a consistent
approach to care that could be
linked to balancing measures to
alleviate concerns regarding practice
changes. Additional key components
included involvement of multiple
stakeholders, transparency in
process interventions, and ongoing
public sharing of rationale and
outcomes with staff and families, all
of which helped foster a culture of
questioning and conscientiousness
toward testing. The interplay of these
multiple interventions in turn aided
in easing concerns and facilitating
expanded use of new and existing
technology in our NICU such as POC
testing, which when implemented in
the NICU has been shown to reduce

PEDIATRIGS Volume 148, number 1, July 2021

laboratory testing, costs, and the
need for transfusions.?”8

In a systematic review of 64 studies,
Hiscock et al'® determined that
multifaceted efforts targeting both
clinicians and families that combine
process-based interventions,
education, and audit and feedback
achieved the most success in
reducing unnecessary testing in
children. Data from the NICU
population in this review were
limited to a single study aimed at
improving quality and outcomes
after creation of a “small baby unit,”
resulting in a 63% reduction in
mean laboratory testing.*’
Interventions included formation of
a multidisciplinary team, education,
and creation of practice guidelines,
with success attributed in large part
to a dedicated team delivering
consistent care. Although processes
were similar, direct comparison of
our data (which incorporated the
entire NICU population) to a cohort
limited to extremely low birth
weight infants®° is difficult given the
influence of prematurity on the
number of procedures
performed.®?'~23 Additionally, there
is no clear standard for routine
laboratory testing in the NICU,
increasing the likelihood that
baseline testing rates vary widely
between institutions.

It was difficult to measure a direct
impact of our efforts on patient care.
Although it can be inferred that a
decrease in laboratory testing would
translate into a directly proportional
reduction in painful blood sampling,
the number of needle or lancet
sticks performed for each blood
draw is not documented by staff and
therefore could not be quantified
and compared. Data were not
reliably available to determine if the
reduction in blood volume required
for testing resulted in fewer red
blood cell transfusions. We are also
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unable at this time to assess the
impact of our effort on long-term
outcomes, such as
neurodevelopment.

Additional limitations concern
estimates of blood loss. Multiple
chemistry tests can be performed
on a single blood sample, so
although we were able to quantify
the amount of blood required for
each individual test, we could not
account for bundling in either the
baseline or intervention periods. At
the onset of our initiative, we chose
thresholds for balancing measures
that we believed represented
extreme values. It is recognized
that thresholds less extreme may
have also included actionable
results. Last, although we
accounted for fluctuations in
census by expressing testing per
1000 PD, we could not account for
fluctuations in acuity.

A multidisciplinary, multifaceted
effort using staff and family
education, practice guidelines,
noninvasive testing, an electronic
dashboard, prescriber audit and
feedback, and shared data produced
a significant and sustained decrease
in laboratory testing in our NICU
without perceived harm. We believe
this intervention benefitted patients,
families, staff, and the health care
system and that the model is
reproducible in other inpatient
areas and can be applied to other
forms of patient testing such as
diagnostic imaging.

We thank Drs Matthew Grossman
and Scott Sussman for their input
and guidance as well as the entire
staff in the YNHCH NICU for their
continued dedication to this effort
and to our patient population.
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