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OBJECTIVE: Aim to reduce healthcare utilization (HU) for infants at risk of neonatal opioid withdrawal syndrome (NOWS) by 30% in
1 year and sustain for 2 years.
STUDY DESIGN: Baseline data from three Level I & II newborn nurseries from January 2016 to June 2018 informed PDSA cycles
from August 2018 to December 2021. Shewhart process control charts evaluated length of stay (LOS), pharmacologic treatment (PT)
rates, direct cost (DC), process, and balancing measures for special cause variation (SCV).
RESULTS: Two hundred and seventeen infants showed downward SCV in LOS (12.6 to 4.4 days), PT (53% to 17%) and DC
($12593.82 to $5219.17). Onset of the COVID-19 pandemic coincided with reversible SCV. DC varied by provider specialty.
CONCLUSION: Transition from MFNASS to ESC led to decrease in healthcare utilization for infants at risk of NOWS. QI methodology
identified persistent drivers of variability, including the COVID-19 pandemic and provider specialty.

Journal of Perinatology; https://doi.org/10.1038/s41372-022-01533-z

AVAILABLE KNOWLEDGE AND RATIONALE
Infants affected by Neonatal Opioid Withdrawal Syndrome
(NOWS) are a growing patient population cared for by a variety
of provider specialties [1] with costly healthcare utilization (HU) in
the United States [2–4]. Between 2004–2014, the proportion of US
births affected by neonatal withdrawal increased five-fold, to a
rate of one affected infant born every 15minutes [5]. The price of
the hospital stay for a baby born with NOWS is over eight times
that of an average newborn hospitalization [6, 7], and the majority
of these infants are covered by Medicaid [5, 7–9]. Innovations to
standardize and improve inpatient care of these infants, namely
the introduction of the Eat, Sleep, and Console™ (ESC) bundle of
care by Grossman et al. in 2017, have demonstrated reduced HU
in quality improvement (QI) analyses across a variety of
institutional contexts [10–19].

LOCAL PROBLEM
Inspired by this growing body of literature, we reviewed our hospital
system practice across three newborn nurseries staffed by four
different provider specialties. Then, we collaborated to prioritize high-
value care for NOWS-affected families during their birth hospitaliza-
tion. We hypothesized that holistic analysis of system drivers with
longitudinal outcomes analysis, including analysis of the direct cost of
the birth hospitalization, would facilitate identification of high-yield
interventions to reduce HU for infants at risk of neonatal withdrawal.

SPECIFIC AIMS
The primary aims of this quality improvement project were to
reduce both the length of stay (LOS) and morphine exposure by

30% in one year for infants at risk of NOWS and then sustain these
reductions for at least two years. A secondary aim was to
determine direct cost of NOWS birth hospitalizations to inform
future PDSA cycles.

PATIENTS AND METHODS
Context
This longitudinal QI initiative aimed to improve care for infants at risk of
NOWS who were cared for during their birth hospitalization at one of three
newborn nurseries in our hospital system. Site 1 is an academic level I & II
nursery with an average of 3000 births per year during the study period. At
Site 1, infants admitted to the newborn nursery are assigned to the care of
general pediatricians, family practice physicians, or neonatologists based
on the provider service schedule. Site 2 is a community level I & II nursery
with an average of 770 births per year, where infants are cared for by
general pediatricians, family medicine physicians or neonatologists based
on a provider service schedule. Finally, Site 3 is a community Level I
nursery with an average of 640 births per year, where infants are cared for
by nurse practitioners, general pediatricians, or neonatologists based on a
provider service schedule. At Sites 1 and 2, infants are admitted to the
Level II nursery if their gestational age is less than 35 weeks or their clinical
acuity warrants continuous monitoring or supplemental oxygen. At Site 3,
infants are transferred to the regional Level IV NICU if they require
continuous monitoring or supplemental oxygen. At each site, providers of
all specialties attend to infants at all levels of care.
Prior to and throughout this quality improvement initiative, some

components of the care of NOWS-affected families remained the same.
Birth parents were screened for prenatal substance exposure with history
questions prenatally and postnatally. If risks were identified prenatally, the
birth parent was offered toxicology testing. If a positive prenatal toxicology
test, prenatal opioid exposure, a history of substance abuse in the past two
years, or less than four total prenatal visits were identified, urine and
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meconium toxicology testing of the infant was recommended postnatally.
Of note, the provider chose to initiate monitoring for neonatal withdrawal
based upon history and physical exam, and toxicology results were
considered collateral rather than diagnostic information. Families were
admitted to private rooms at all three hospital sites. If a parent was
discharged before an infant was medically ready for discharge, the parent
had the option to stay as a “guest” on the postpartum unit until the infant’s
discharge. First-line pharmacologic management for neonatal withdrawal
was oral liquid morphine with birthweight-based dosing. Infants were not
discharged until they were no longer receiving morphine therapy. Upon
the onset of the first wave of the COVID-19 pandemic in our region in late
March 2020, infection prevention and COVID-related care policies for
newborns were implemented systemwide across all three hospitals.

Interventions
In January of 2018, a multidisciplinary group of newborn care providers
from these nursery sites formed a collaborative with the aim to improve
care for infants at risk of NOWS systemwide. The multidisciplinary group
included general pediatricians, neonatologists, obstetricians/gynecologists,
family practice providers, advanced practice providers, nursing educators,
bedside nurses, lactation consultants, and social workers. A key driver
diagram built upon each site’s prior efforts to standardize care for this
patient population and identified opportunities for systemwide change
(Fig. 1). Review of baseline data from January 2016 to June 2018 informed
the selection of systemwide interventions. A description of care for NOWS-
affected infants during this baseline period, utilizing the Modified
Finnegan Neonatal Abstinence Scoring System (M-FNASS), is provided in
Supplement 1.
From July 2018 to December 2021, systemwide changes were under-

taken using a PDSA framework. Iterative review of outcomes amongst
stakeholders informed the selection of future PDSA cycles and allowed for
root cause analysis (RCA) of unexpected changes. Interventions were
adopted or abandoned by stakeholder consensus. Specifically, interven-
tions were abandoned if they negatively impacted the project aim,
increased balancing measures, or were supplanted by a new intervention.
PDSA cycles denoted as Change A, B, C, D, F and G were planned by our

QI workgroup and implemented across all three nursery sites simulta-
neously (Table 1). Our workgroup also acknowledged other externally

driven changes to the system that impacted patient care, notably the
addition of more general pediatric providers and the commensurate
reduction of neonatologist coverage at Site 1 (Change α) as well as the
COVID-19 pandemic (Change Ɛ). A description of care for NOWS-affected
infants at the conclusion of the study period (after Change G) is provided
in Supplement 2.

Measures
We wanted to track outcomes for all infants that providers considered to
be at risk of NOWS during their birth hospitalization. Therefore, providers
and staff identified eligible infants as they were encountered in clinical
care, and then inclusion was confirmed using the I2B2 Cohort Discovery
Tool [20] to query problem and billing diagnoses representing substance
exposure, symptomatic withdrawal, or both (coding query methodology
included in Supplement 3). Patient chart data extraction was performed
using Honest Broker [21]. To complete data collection, the authors
manually reviewed each included clinical chart.
Infants were included if they were admitted for their birth hospitaliza-

tion to Site 1, 2 or 3 between January 1, 2016 and December 31, 2021, had
suspected prenatal exposure to opioids, and were postnatally monitored
for neonatal withdrawal using the Modified Finnegan Neonatal Abstinence
Scoring System (M-FNASS) [22] or Eat Sleep Console (ESC) [10]. Infants
were excluded from outcomes analysis if they were transferred to another
institution (i.e., our regional Level IV NICU) during their birth
hospitalization.
Primary measures of HU for infants at risk of NOWS were LOS,

utilization of pharmacologic treatment, and direct cost of the birth
hospitalization. LOS was measured as admission date subtracted from
discharge date.
Need for pharmacologic treatment referred to any exposure to

morphine for the management of withdrawal symptoms during the
infant’s birth hospitalization. Before August of 2018, three consecutive
M-FNASS scores of greater than 8 or two greater than 12 were considered
criteria for morphine pharmacotherapy (see Supplement 1 for M-FNASS-
based management algorithm). After August of 2018, two consecutive ESC
scores containing at least one “no” prompted a huddle to discuss options,
including morphine pharmacotherapy (see Supplement 2 for ESC-based
management algorithm).

Fig. 1 Key driver diagram and timeline of PDSA cycles.
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The direct cost of a NOWS-affected birth hospitalization was tracked as a
holistic measure of change impact. We did not apply a hospital-wide cost-
to-charge ratio to a total newborn hospitalization charge due to the
concern that newborn nurseries are unique “cost centers” within larger
institutions [23, 24]. Instead, charges and clinically relevant information
were extracted from the electronic health record (EHR) Epic (Epic Systems
Corporation, Verona, WI) [25], McKesson Cost Accounting (McKesson
Provider Technologies, Alpharetta, GA) [26] and Health Catalyst (Health
Catalyst, South Jordan, Utah) [27] were used to calculate costs incurred in
the provision of direct patient care. For example, the cost of nursing
services, medical supplies, diagnostic imaging, rehabilitation, and food
services are included in “direct cost.” “Indirect cost” or “overhead” was not
included, such as the cost of hospital administration, maintenance of
health records, information technology, physical plant and maintenance,
human resources, volunteer services, and capital expenses. Purchased
medical services (i.e., the cost to the hospital system for contracting with a
particular provider group’s presence at a particular hospital site) were
excluded from direct cost in this analysis, given that each site had unique
financial and contractual obligations for physician coverage. Direct costs
were not adjusted for inflation.
Process measures tracked throughout the study included site of

admission, specialty of the discharging provider, number of morphine
doses received, and highest morphine dose received. Process measures
that were tracked for a portion of the study but not the complete study
period included parental presence at the infant’s bedside (not documen-
ted in the EHR until after August 2018), provider compliance with
morphine weaning algorithm, and presence or absence of social work
consult. Additionally, the rate of infants born at risk of NOWS/100 live
births across the three nurseries, regardless of subsequent admission or
transfer to a higher level of care, was tracked on a U’ Chart to inform
subgrouping of other process control charts.
Balancing measures included clinical concern for seizure activity,

adverse medication events (defined as apnea, bradycardia, or desaturation
suspected to be due to medication dose administration), and readmission
for NOWS within 30 days of birth hospitalization discharge. In addition,
transfers to a higher level of care were also tracked as a balancing measure,
although these patients’ outcomes were not included in the remainder of
the study analysis. This ensured that any potential change in patient
transfer patterns after the implementation of nursery process changes
would be recognized.

Analysis
The care of infants between January 2016 and June 2018 provided
baseline data, at which point control limits were fixed on Shewart process
control charts enabling us to look for special cause variation (SCV) over
time [28]. Once SCV was identified, control limits were re-calculated to
detect significant subsequent change. Primary outcome, process, and
balancing measures were trended quarterly on process control charts for
the overall study population and by provider specialty using Excel QI
Macros (KnowWare International Inc, Denver, CO) [29]. Montgomery rules
were used to define special cause variation (SCV) [30]. Outliers were
excluded from analysis when the result exceeded the upper or lower
control limit and was determined by group consensus to represent a
unique situation not applicable to the remainder of the data.

Ethics
This project was deemed in accordance with the Declaration of Helsinki by
our institutional review board (IRB), and informed consent was waived.

RESULTS
We identified 239 infants, and 217 were included in outcomes
analysis. Two infants were excluded due to lack of withdrawal
scoring after birth. Twenty infants were excluded due to transfer
to another institution. The most common reason for transfer was
respiratory distress or failure, which is consistent with the transfer
pattern for our system’s entire newborn population. Supplement 4
characterizes the study cohort.
Table 1 shows changes initiated by this project and those driven

by external forces which impacted this patient population. All
project-led interventions were ultimately beneficial to project aims
and adopted. Simply educating multidisciplinary staff regardingTa
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ESC (Change A) before ESC implementation (Change B) was
followed by downward SCV in LOS. Transition from scheduled to
PRN morphine dosing (Change C) was the most effortful culture
change for our hospital system, and did require re-education and
re-emphasis in the management algorithm (Change F) prior to
successful adoption.
Through these iterative systemwide changes, this patient

population experienced a 65% reduction in LOS (Fig. 2A, B), a
36% reduction in infants receiving morphine for treatment of
neonatal withdrawal (Fig. 2C), and a 59% reduction in direct cost
of the birth hospitalization (Fig. 2D, E) from baseline HU rates.
Sustained reduction in HU was interrupted by reversible SCV
coinciding with the onset of COVID-19 in our region (Ɛ). Before,
during and after COVID-19-related process changes, reduction in
HU varied by provider specialty.
As seen in Fig. 2A, systemwide LOS during the baseline data

collection period was 12.6 days. Downward SCV in LOS occurred
with education about ESC (Change A) to 7.9 days, and again to
4.4 days after removal of M-FNASS scoring from the EHR (Change
D). Standard deviation in LOS demonstrated downward SCV with
implementation of ESC (Change B) and removal of M-FNASS from
the EHR (Change D) (Fig. 2B). For infants at risk of NOWS cared for
by general pediatricians, downward SCV in LOS occurred after
implementation of ESC (Change B). No sustained shifts in LOS
occurred for other provider specialties throughout the study
period (Fig. 3; Supplement 5).
The percentage of infants at risk of NOWS who received

morphine during their birth hospitalization averaged 53% during
the baseline data collection period and demonstrated downward
SCV after implementation of ESC (Change B) to an average of 17%.
For infants at risk of NOWS cared for by general pediatricians,
downward SCV in percentage treated pharmacologically occurred
after implementation of ESC (Change B). No sustained shifts in
pharmacologic utilization occurred for infants cared for by other
specialties (Fig. 3; Supplement 5).
Direct cost per birth hospitalization for an infant at risk of NOWS

averaged $12,593.82 with an average standard deviation of
$13,227.75 during the baseline data collection period. There was
significant variability in average direct cost during the baseline
data collection period, evidenced by the average standard
deviation of direct cost exceeding the average direct cost (Fig. 2D,
E). Both direct cost and variability in direct cost decreased after
implementation of systemwide interventions, ultimately demon-
strating downward SCV with removal of M-FNASS from the EHR
(Change D) to an average direct cost of $5219.17 ± $1518.04. For
infants cared for by general pediatricians, downward SCV occurred
after general pediatrics faculty expansion at Site 1 (α). No
sustained shifts in direct cost occurred for infants cared for by
other specialties (Fig. 3; Supplement 5). Notably, 213 (98%) of birth
hospitalizations had definitive direct cost data extracted. The
direct cost for four infants was estimated based upon manual
chart review and contemporary comparables. All four of these
birth hospitalizations occurred during the baseline data period.
Systemwide LOS, percent receiving morphine, and direct cost of

the birth hospitalization all demonstrated unexpected SCV in
April-June 2020, after the onset of the COVID-19 pandemic in our
region (demarcated as Ɛ in Fig. 2). This unanticipated change
prompted a RCA, targeted re-education, and inspired selection of
the subsequent PDSA “Change F.” After sequential review of
outcomes, Apr-June 2020 was determined to be an outlier and
was removed from center line calculations for overall LOS,
pharmacologic treatment and direct cost.
Notably, infants cared for by general pediatricians across all

sites experienced downward SCV in primary outcomes and did not
experience an Apr-June 2020 (Ɛ) increase in HU. This is
demonstrated in Fig. 3, which displays quarterly averages of each
primary outcome by specialty of the discharging provider. For
specialty-specific process control charts, see Supplement 5.

Throughout this quality improvement initiative, an increase in
number or frequency of balancing measures was not detected
(Table 2). However, downward SCV in number of at-risk infants
born within our health system coincided with onset of the COVID-
19 pandemic (Supplement 6).

DISCUSSION
Iterative improvement efforts to prioritize nonpharmacologic
care for families at risk of NOWS accomplished our aim of
sustained HU reduction across three Level I and II nursery sites
and multiple provider groups. A longitudinal examination of
LOS, pharmacologic treatment utilization, and direct cost per
birth hospitalization allowed us to distinguish which interven-
tions impacted each marker of HU. It also identified variability
across provider specialties and an unexpected increase in HU
coinciding with the COVID-19 pandemic, revealing additional
lessons that may be relevant to other centers embarking upon
this work.
Our analysis corroborates the experience of other authors and

institutions who have documented marked reduction in HU for
infants at risk of NOWS by centering nonpharmacologic
management and implementing ESC [10, 12–19, 23, 31–35].
The need for pharmacologic management prolongs LOS [36, 37],
and LOS is often assumed to correlate with birth hospitalization
cost for infants affected by NOWS. In our data, these variables
are clearly related. Infants who required pharmacologic manage-
ment comprised 38.7% of the study patient population but
accounted for 69.1% of the total LOS and 71% of the total direct
cost. However, our data contradict the assumption that these
outcomes are concurrently responsive to the same interventions.
LOS demonstrated downward SCV after education regarding ESC
(Change A), while the need for pharmacologic treatment
demonstrated SCV after implementation of ESC (Change B).
Direct cost did not show SCV until removal of M-FNASS from the
EHR. We postulate that direct cost is a more holistic indicator of
HU compared to LOS or pharmacologic use, encompassing not
only NOWS-related clinical decisions but also factors such as
management of co-morbidities and billing practices, and that
this may have delayed its reduction in comparison to other
healthcare outcomes. Other institutions could consider remov-
ing prior scoring systems from their EHR to effectively
standardize and reduce HU for infants at risk of NOWS.
HU for infants at risk of NOWS varied between provider

specialties, even after systemwide PDSA cycles. Other authors
have reported a reduction in NICU transfers associated with
prioritization of nonpharmacologic management, rooming-in
practices, and implementation of ESC [10–14, 23]. However, we
are unaware of prior studies questioning how provider specialty
may impact the care of infants within newborn nursery settings.
General pediatricians cared for an increasing proportion of

infants at risk of NOWS over the study period. Throughout our
study, infants cared for by general pediatricians experienced a
reduction in HU, which exceeded the project aim with the least
variability of all provider specialties. In addition, HU for infants
cared for by general pediatricians demonstrated downward SCV in
all primary outcomes over the study period and did not
experience upward SCV after the onset of the COVID-19
pandemic, in contrast to infants cared for by other specialties
(Fig. 3; Supplement 5).
We do not believe this reflects an inherent or unique ability

among individual general pediatricians; instead, this suggests that
providers of different specialties may experience different barriers
to providing high-value care to NOWS-affected infants in our
health system. For example, the continued use of scheduled
morphine rather than PRN morphine by neonatology providers
after Change C was identified during Spring 2020 RCA as a
potential contributor to unexpectedly high HU outcomes.
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Fig. 3 Primary Outcomes by Provider Specialty. A Quarterly Average Length of Stay (LOS) for infants at risk of NOWS plotted by Provider
Specialty Jan 2016-Dec 2021. B Percent of Infants at Risk of NOWS treated pharmacologically plotted quarterly by provider specialty.
C Average direct cost of a birth hospitalization for an infant at risk of NOWS plotted quarterly by provider specialty. A multidisciplinary
education regarding ESC; B ESC management implemented; C PRN morphine introduced; D MFNASS removed; Ɛ First wave of COVID-19 in
our region; F Scheduled morphine removed; G Exposure-specific monitoring period.
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Ultimately, this driver of variability responded to targeted re-
education and algorithm modification (Change F removed any
reference to scheduled morphine in the systemwide algorithm).
Additionally, an unintentional source of downward SCV in direct
cost occurred after the expansion of general pediatrics providers
at Site 1 decreased neonatology provider presence at that site (α),
likely also reflecting a provider specialty influence on HU. Clearly,
opportunity remains to understand practice variation between
specialties within the newborn nursery provider population.
Provider specialty may be a valuable process measure for other
institutions engaged in similar QI projects, and an interesting lens
with which to examine barriers to high-value care.
The longitudinal nature of this QI initiative also captured the

impact of the COVID-19 pandemic on HU for NOWS-affected
infants. Our hospital system had achieved a significant and
sustainable decrease in HU for NOWS-affected infants until April to
June of 2021. At that time, dramatic and unintended upward SCV
in all three primary outcomes was noted.
We identified multiple factors disrupting high-quality nonphar-

macologic care for NOWS-affected infants during this time within
our hospital system. For example, parents of NOWS-affected
infants faced unprecedented challenges to remain in the hospital
with their infant for the duration of their infant’s stay, including
securing childcare for other children at home, abiding by infection
control prevention measures at the birth hospital as well as
inpatient and outpatient substance use treatment facilities, and
obtaining transportation to and from the hospital. Our hospital
system also underwent significant change, with multiple general
pediatric and family medicine practitioners temporarily transfer-
ring the care of their newborn patients to in-house neonatal
hospitalist or neonatologist care teams to reduce traffic within the
hospital. Each of these factors was identified by our project
stakeholders as potential contributors to increased HU for infants
at risk of NOWS.
HU outcomes recovered to at, or lower than, pre-pandemic

levels in July-September 2020 after Change F and have
sustained with low variability through December 2021. Due to
this pattern, we ultimately deemed April-June 2020 to be an
outlier in our data during a time of significant system flux. If
excluding consideration of April–June 2020 as an outlier, we can
more clearly appreciate the impact of removal of the M-FNASS
from the EHR (Change D) and PRN morphine dosing (Change C
and F). These changes were followed by outcome measures, and
variability in outcome measures, at their lowest levels yet
systemwide. It should be noted that this reduction of HU and
variability also coincided with the highest proportion of infants
at risk of NOWS cared for by general pediatricians seen
throughout the study period.

LIMITATIONS
The incremental framework of quality improvement must
acknowledge the overlapping impact of multiple interventions.
In our project, infants were scored with both M-FNASS and ESC
from August 2018 until December 2019, but ESC guided provider
management decisions. In the process control charts for this
study, we have counted this time as “ESC implemented.” This
overlap revealed the impact of removing M-FNASS from the EHR
after ESC was already implemented, which was followed by
downward SCV indirect cost. This information may be useful to
other institutions transitioning from one scoring system to
another.
We appreciated differing levels of HU variability across provider

specialties. Therefore, we must acknowledge that having a greater
proportion of at-risk infants cared for by general pediatricians as
the study period progressed may have contributed to overall
decreased HU in addition to the impact of individual PDSA cycle
interventions. While a minority of the infants in our study were
cared for by specialties other than pediatrics, particularly in the
later years of our study, strength of QI methodology is that it
allows us to learn from rather than disregard these less frequent
but persistent drivers of variability. We did not examine
differences in the co-morbidities of individual patients or the
clinical acuity between specialties because we aimed to improve
systemwide processes for all infants at risk of neonatal withdrawal.
Marked differences would be unlikely given that all infants were
cared for in the same Level I and II nurseries.
Throughout our study period, the number of births of infants at

risk of NOWS has vacillated. After the onset of the COVID-19
pandemic in March 2020, the rate demonstrated unanticipated
downward SCV (Supplement 6). The reason for a decrease in
NOWS-affected births after the onset of COVID-19 is unknown,
and worthy of further study. It is unknown if this reflects an actual
decrease in the incidence of this pathology or perhaps under-
detection of at-risk infants because of disruptions to the
healthcare of pregnant people after onset of the COVID-19
pandemic.
Finally, we did not have patient representation in a decision-

making capacity on our project leadership team, which may have
impaired our ability to perceive patient-centered opportunities to
improve.

CONCLUSION
QI methodology provided an enduring framework for our hospital
system to reduce HU for infants at risk of NOWS, and recognize
drivers of persistent variability in care. Attention to practice
variation between newborn nursery provider specialties, and

Table 2. The occurrence of balancing measures throughout the study period.

Total Baseline (1/2016-7/
2018)

Change A-G (8/2018-6/
2021)

Number of Infants Receiving Medications in addition to Morphine for
Management of NOWS

4 2 2

Adverse Medication Events 5 4 1

(bradycardia, apnea or desaturation associated with morphine administration)

Transfers to Higher Level of Care 20 12b 8c

(Regional Level IV NICU)

Due to withdrawal symptoms 1 1 0

Due to concern for seizure activitya 5 3 2

30-Day Readmission for NOWS 0 0 0
aConcern for seizure activity of any etiology, not confirmed by electroencephalogram.
b8 infants from Site 1, 2 infants from Site 2, 2 infants from Site 3.
c7 infants from Site 1, 0 infants from Site 2, 1 infant from Site 3.
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unintended impacts of COVID-19-related hospital processes,
deserve attention in future studies of this patient population.

DATA AVAILABILITY
The dataset compiled and analyzed in this project is not publicly available to
safeguard patient privacy.
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