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Abstract

Objective. The objective of this study was to determine factors contributing to improvements in infant mortality
rates (IMR) and composite morbidity-mortality in very-low-birth-weight (VLBW) infants after initiating a new
perinatal program in 2009 at Regional One Health (ROH). VLBW infants account for 67% of infant deaths.
Design. This is a pre-/postintervention cohort study of prospectively gathered data. Population. VLBW infants
delivered at ROH during the 2004 to 2015 study period. Setting. ROH is a Regional Perinatal Center affiliated
with the University of Tennessee Health Science Center. Methods. We studied 2364 consecutive VLBW
infants. Multivariate models were applied to determine factors contributing significantly to the reduction in
the outcome measures as well as trends over time. Main Outcome Measures. Primary outcomes were IMR and
composite morbidity-mortality rates. Standardized, risk-adjusted mortality and composite morbidity ratios
were also reported as defined by the Vermont Oxford Network. Results. Mortality declined from 15.5% in
Pre-Implementation to 13.1% in Post-Implementation (P = .093), corresponding to an 8% reduction in odds.
The combined factors of composite morbidity-mortality rate decreased from 55.7% in Pre-Implementation to
43.9% in Post-Implementation (P < .0001), representing a 38% reduction in odds. Standardized, risk-adjusted
mortality and composite morbidity ratios improved during the study period from 20% above to 20% below
the expected rate. Increases in the administration of antenatal steroids, surfactant administration, cesarean
delivery, and perhaps other programmatic changes that were observational and unaccounted in the model
were associated with improvements in outcome measures. Conclusions. Decreased mortality and composite
morbidity-mortality in VLBW infants delivered at ROH were found following the initiation of a new perinatal
program.
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IMR of any city of 100 000 or more people in the US birth
registration area.*> Until 2008, the IMRs in some of the
Memphis ZIP codes were comparable with those of a

Introduction

The infant mortality rate (IMR) is the rate of death of
live-born infants less than 1 year of age per 1000 live
births, and it is commonly accepted as a measure of the
general health and well-being of a population. It is asso-

ciated with a variety of factors, such as maternal health,
quality of and access to medical care, socioeconomic
conditions, and public health practices.'”

Over an extended period of time, Memphis has had
one of the highest IMRs among US cities. In 1932, the US
Census Bureau reported that Memphis had the highest
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2 Global Pediatric Health
Table I. Shelby County and Regional Medical Center, Regional One Health (ROH) Data.

Deliveries Deliveries Deliveries VLBW VLBW VLBW VLBW VLBW ROH/
Year ROH Shelby ROH/Shelby % ROH ROH % Shelby Shelby % Shelby %
2004 4548 14 252 31.9% 213 4.8% 364 2.6% 72%
2005 4401 14 481 30.4% 243 5.5% 409 2.8% 71%
2006 5047 15171 33.3% 237 4.7% 387 2.6% 75%
2007 5097 15237 33.5% 229 4.5% 391 2.6% 67%
2008 5040 15051 33.5% 202 4.0% 358 2.4% 66%
2009 4466 14 409 31.0% 216 4.8% 385 2.7% 66%
2010 4196 13781 30.4% 170 4.0% 311 2.3% 63%
2011 3794 13 993 27.1% 176 4.6% 290 2.1% 70%
2012 3991 13 898 28.7% 201 5.0% 343 2.5% 67%
2013 3953 13760 28.7% 173 4.4% 358 2.6% 54%
2014 4035 13 842 29.2% 133 3.3% 288 2.1% 49%
2015 3730 13377 27.9% 169 4.5% 309 2.3% 60%

Abbreviation: VLBW, very low birth weight.

third world country.® More than 60% of the infant deaths
in Memphis occur during the neonatal period.”®

Very-low-birth-weight (VLBW) infants are a signifi-
cant contributor to the high infant mortality in Memphis.
They represent 2.5% of all live births in Shelby County,
and account for 67% of infant deaths.”® Eighty-four per-
cent of VLBW infant deaths occur during the neonatal
period.’

More than 60% of VLBW infants in Memphis are
delivered at Regional One Health (ROH; Table 1). The
number of these infants at ROH has ranged from 3.5%
to 5.5% (median =4.7%) of total deliveries from 2004 to
2015; this is more than 3 times the national average and
1.5 times higher than the national average for African
Americans."’

The Department of Obstetrics and Gynecology and
the Division of Neonatology at the University of
Tennessee in Memphis reorganized the perinatal pro-
gram. Many changes started to occur in the organiza-
tion, management of labor and delivery (L&D), and in
the communication among all teams involved. The
changes were designed to improve obstetrical and neo-
natal care at ROH.

In this study, we report the mortality and composite
morbidity-mortality for VLBW infants following deliv-
ery and during their hospital stay; 5 years before (2004
through 2008) and 7 years after (2009 through 2015) the
beginning of our new perinatal program.

Methods
Design and Setting

This work was a study of prospectively collected data on
VLBW infants delivered at ROH from 2004 to 2015, 5

years before and 7 years after the beginning of a new
perinatal program. ROH is 1 of 5 Regional Perinatal
Centers in Tennessee and is affiliated with the University
of Tennessee Health Science Center (UTHSC).

The UTHSC and the ROH institutional review board
approved this study.

Study Population

VLBW infants included those infants with a birth weight
from 500 g up to and including 1500 g. The data were
tracked and stored in an online database called Slim
Prim, which is accessed through a customizable web
application. VLBW infants’ data were extracted from
our center’s Vermont Oxford Network (VON) reports.
The VON, a worldwide voluntary collaboration of
health care professionals established in 1988, has as its
mission to improve the quality and safety of medical
care for newborn infants and their families through a
coordinated program of research, education, and quality
improvement. Today, VON is composed of over a 1000
neonatal intensive care units (NICUs)."!

Perinatal Program at ROH

The Division of Neonatology, starting in 2006, made
changes in the NICU designed to follow national guide-
lines. However, it was in June 2008 that both the
Department of Obstetrics and Gynecology and the
Division of Neonatology at UTHSC started a reorgani-
zation of the perinatal program at ROH designed to
improve obstetrical and neonatal care. Our new program
included 3 overlapping phases: Observation, Awareness,
and Implementation. The Observation phase examined
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the obstetrical and neonatal care provided at ROH, par-
ticularly looking for opportunities for improvement.
This initial phase went from June to September 2008.
During Observation, the opportunities we found for
improvement were numerous. We realized that there were
differing definitions for the same clinical conditions. For
example, a survey on the definition of tachysystole among
42 doctors and nurses resulted in 12 different definitions.
Also, there were no protocols for the management of con-
ditions such as diabetic ketoacidosis, intrauterine growth
restriction, twin gestations, and obesity. Most often, these
conditions were managed by the obstetrician without
input from the maternal-fetal medicine (MFM) specialist.
Many neonates were admitted to the NICU with a tem-
perature below 36°C, because the operating and delivery
rooms did not have a protocol regarding an optimal tem-
perature. There was poor communication between obste-
tricians and neonatologists. There was no peer review of
cases that ended with low cord pH and Apgars, or other
complications. The Morbidity and Mortality Conference
consisted of the presentation of an interesting case
selected by the residents. The attendance at didactic con-
ferences for the residents was poor, and it was not an
expectation. Until 2008, there were no structured rounds
for the L&D area. In the case of an emergency for mater-
nal hemorrhaging, the time before a blood transfusion
was started could be 45 minutes or more. Until 2008,
there was no mandatory training for the L&D personnel.

The Phases

The Awareness phase (started in October 2008) included
meetings, discussions, and surveys, including all per-
sonnel involved with the Department of Obstetrics and
Gynecology, the Division of Neonatology, and hospital
administration. Each group acknowledged problems,
sought areas for improvement, and spread awareness of
changes we were going to make. A SWOT (strengths,
weaknesses, opportunities, and threats) analysis was
conducted among all personnel involved with L&D, and
its results were made aware to the entire team.

The above-mentioned 2 phases led to the
Implementation phase, started in January 2009. This
phase brought the development of protocols, standard-
ization of definitions, improved communication among
the different teams, recruitment of more MFM special-
ists, and the initiation of an MFM fellowship. Among
the new protocols implemented, there were induction
of labor, diabetic ketoacidosis, and poorly controlled
diabetic patient management; timing of delivery for the
intrauterine growth restriction fetus; dating of the ges-
tational age for pregnant women presenting later in the
third trimester; and a blood bank protocol. With the

latter protocol, in case of an emergency, a maternal
blood transfusion must begin between 5 and 10 min-
utes from the time the blood is requested for
transfusion.

The rounds on L&D increased from 2 to 10 in each
24-hour period. The directors of MFM and neonatology
started to meet on a daily basis to improve the commu-
nication between the 2 teams. They standardized the
neonatal thermal support and resuscitation including
surfactant administration. They also emphasized the
importance of administration of steroids in pregnancies
at risk of prematurity.

Multidisciplinary meetings started to occur fre-
quently to manage difficult obstetrical cases. The MFM
team increased from 2 full-time faculty, 1 part-time fac-
ulty, and no fellows to 6 full-time faculty and 3 fellows.
The MFM faculty coverage as the primary attending for
L&D from 7:30 am to 6 pm, changed from an occasional
presence before 2008 to 70% after 2008.

After 2008, a series of mandatory trainings began for
all personnel rotating or working in L&D, including
simulation training, currently called OB-FAST
(Obstetric Feasible Approach Safety Training), and fetal
heart rate monitoring training.

A large emphasis has been given to education. There
is a mandatory didactic time for all residents. During
this time, the residents do not have any clinical respon-
sibility. Our program has also recruited a patient safety
nurse who facilitates quality assurance in L&D.

Central Outcome Measures

Our primary outcomes included the infant mortality and
the composite infant morbidity and mortality in VLBW
infants delivered from 2004 through 2015. Infant mor-
tality was defined as a death during initial hospital stay.
The composite infant morbidity was defined as presence
of any one or more of the following during the hospital
stay: intraventricular hemorrhage, chronic lung disease,
necrotizing enterocolitis, pneumothorax, any late infec-
tion, and periventricular leukomalacia.'*"*

Statistical Analyses

Our center has reported data on VLBW infants to VON
since 1999. For this study, we compared 2 groups of
VLBW infants born at ROH: those born between 2004
and 2008 (Pre-Implementation) and those born from
2009 to 2015 (Post-Implementation). The rationale for
this pre and post time-period division was that we started
a new perinatal program in 2008.

Standardized, risk-adjusted mortality and combined
mortality-morbidity ratios (SMR) were reported from
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Table 2. Changes Made at Regional One Health (ROH) After 2008.

e Daily communication between the directors of maternal-fetal medicine (MFM) and neonatology
e Well-defined expectations for all health care personnel on labor & delivery (L&D)

e Development of protocols

e MFM constant presence on L&D

e Neonatologist assigned to L&D

e Second obstetric attending assigned to L&D
e Patient safety nurse

e Mandatory fetal heart rate monitoring course for all L&D personnel
e Mandatory simulation training for all L&D personnel (Obstetric Feasible Approach Safety Training [OB-FAST])

e Fetal heart rate monitoring present in all L&D areas

e Continue visual assessment of the fetal heart rate tracing for all patients in L&D
e Establishment of morning report sign out system, where all obstetrical patients are discussed with faculty, residents, nurses,

and students.

e Ten reviews (or as needed) every 24 hours of the L&D patients among the different teams involved on L&D
e Didactics conferences for all residents held weekly from 7 am to noon; residents do not have clinical responsibilities

between 7 AM to 9 AM

e Multidisciplinary conferences:
o Neonatal-Perinatal Conference
o Fetal Center Conference

o Neonatology-Obstetric Morbidity and Mortality Conference

e Peer review of all complications
e Surfactant administration in the delivery room

e Steroid administered as soon as a patient at risk for preterm delivery (PTD) admitted to L&D
e Warmer temperature settings in the operating room/delivery room

VON as the number of observed to expected cases. The
SMR and the lower and upper bounds of the 95% con-
fidence interval are based on a multivariable adjust-
ment model, which considers the case mix of our center
compared with all other centers. The following factors
are taken into consideration for calculating the SMR:
gestational age, small for gestational age, indicator
measures that identify whether the infant had a birth
defect (and if so, the severity of the defect), multiple
births, Apgar score at 1 minute, infant sex, maternal
race, vaginal delivery, and birth location. For this
study, a best estimate of gestational age in weeks and
days was based on the following hierarchy, as estab-
lished by VON: obstetrical measures based on last
menstrual period, obstetrical parameters, prenatal
ultrasound as recorded in the maternal chart or neona-
tologist’s estimate based on physical criteria, neuro-
logical examination, and combined physical and
gestational age exam (Ballard or Dubowitz exam).
The SMR and its confidence interval indicate whether
our center has more or fewer infants with the outcome
than would be expected, based on the characteristics of
infants treated in our center. An SMR upper bound less
than 1 indicates that our center had fewer than expected
infants with the outcome. An SMR lower bound greater
than 1 indicates that our center had more than expected
infants with the outcome. A lower and upper bound

including 1 indicates that the number of infants with the
outcome was not significantly statistically different
from the number expected after adjusting for the charac-
teristics of infants treated. Other parameters not included
in the calculation of the SMR are reported in Table 2.

The i’ test was used to compare the equality of pro-
portions, while a 2-sample ¢ test was used to compare
the equality of means between the 2 defined time peri-
ods, respectively. Trends in infant mortality and com-
posite mortality-morbidity outcome over the entire time
frame were tested using a Cochran-Armitage test for
trend. Furthermore, infant mortality and composite mor-
tality-morbidity rates over the years were compared
using the logistic regression model. Within the same
model, we tested the clinical variables associated with a
decrease in mortality and composite morbidity-mortal-
ity rates over time. We present a reduced parsimonious
model results, therefore variables that were tested but
not found significant were not included in the final
model.

Variables tested included those related to the mother,
such as prenatal care, ethnicity, and prior or multiple
births; those related to comorbidities, such as pneumo-
thorax or birth defects; medical procedures at any time
during the hospital stay, such as surfactant use and tak-
ing the infant’s temperature during the first hour after
delivery; and procedures in the delivery room including
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Table 3. Main Characteristics of the Study Population.

Pre-lmplementation

Post-Implementation

2004 to 2008 % or 2009 to 2015 % or
Parameters (N=1124) Mean = SD N = (1240) Mean + SD P
Multiple gestations VLBWV (500-1500 g) 230 20.5% 273 22.0% NS
Maternal Race NS
African American 922 82.0% 1039 83.9%
White 146 13.0% 148 12.0% NS
Other 56 5.0% 53 4.1% NS
Hispanic ethnicity* 50 4.5% 45 3.6% NS
Gender: Males 553 49.2% 614 49.5% NS
Prenatal care (one or more visits) 972 86.6% 1105 89.2% NS
C-section 699 62.2% 861 69.4% .0002
Gestational age at delivery (mean and SD) 293 +3.2 28.0 * 3.1 .0001
Birth weight, g (mean and SD) 1015 +290 1020 295 NS
Admission axillary temperature <36°C 359" 55.2% 141 11.8% .0001
Length of stay, days (mean and SD) 433 +27.6 48.9 +31.2 .0001
Surfactant administration delivery room 201 17.9% 608 49.0% .0001
Antenatal steroids 856 76.2% 1105 89.1% .0001

Abbreviations: VLBW, Very low birth weight; NS, Not significant.

Note: *Hispanic ethnicity is a separate variable from maternal race and it includes individuals of any race **Denominator includes 650 available
observations because this measurement was not collected from 2004 to 2005

use of epinephrine, endotracheal tube vent, delivery of
oxygen, and face mask ventilator. We estimated the rela-
tive odds of the outcome measures to describe the mag-
nitude of risk change, over time as well as in association
with the model covariates. All of our analyses were per-
formed using SAS/STATv14.1, and the associations
were considered significant at the o level of .05 with
trends reported at .1.

Results

Though the clinical data collection started in 2004, the
process of observation and implementation after 2008
became continuous and ongoing; changes continue to be
made when we observe opportunities for improvement.
From 2004 through 2015, ROH documented 52 298
deliveries; 2364 were VLBW infants who were prema-
ture and were admitted to the NICU.

The main changes that occurred in the perinatal pro-
gram are summarized in Table 2. The primary clinical
characteristics and differences between the 2 periods
are reported in Table 3. Figure la-d shows trends over
time in clinical measures, proportion of cesarean
deliveries, temperature at admission, administration of
antenatal steroids and surfactant. From the Pre-
Implementation to Post-Implementation time frame, the
proportion of cesarcan deliveries increased signifi-
cantly (62.2% to 69.4%; P = .0002). Temperature at
admission was not collected in 2004 and 2005. The
number of neonates admitted with temperature <36°C
decreased from the Pre- to Post-Implementation period

(55.2% to 11.8%; P < .0001). The percentage of low-
temperature admissions was at its highest peak in 2006
at 59.4%; it dropped to 40.2% in 2009 and sharply to
13.3% in 2010, all the way down to 0.6% in 2015. The
administration of antenatal steroids (76.2% to 89.1%; P
<.0001) and surfactant administration in the delivery
room (17.9% and 49.0%; P < .0001) both increased
after 2008, respectively.

The IMR and the composite morbidity and mortality
rate for the Pre-Implementation and Post-Implementation
periods are presented in Table 4. The IMR decreased
from 15.5% during Pre-Implementation to 13.1% during
Post-Implementation (P = .0933). A test for linear trend
over time was borderline significant for infant mortality
(P = .0989). The highest rate was observed in 2008 at
16.8%, and the lowest in 2014 at 12%. The composite
morbidity and mortality rate significantly decreased
from 55.7% to 43.9% (P < .0001) during the same time
frame. The linear trend suggests a highly significant
decline over time (P < .0001), from the highest rate in
2004 at 61.0% to the lowest in 2014 at 36.8%. Trend
comparison over time shows that from 2009 to 2015
odds of infant morbidity-mortality rates decreased as
much as 50% or even more relative to 2004 (Figure 2).
The percentage of infants who survived and suffered
none of the specified morbidities increased from 44.3%
in Pre-Implementation to 56.1% in Post-Implementation
(P <.0001).

The SMR is presented with smoothed 3-year average
data. The composite outcome for VLBW infants was
20% above the expected value for the years averaged
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Figure |. (a) Cesarean deliveries, percentages by year, 2004 to 2015. (b) Low temperature at admissions, less than 36°C;
percentages by year, 2006 to 2015. (c) Antenatal steroid use, percentages by year, 2004 to 2015. (d) Surfactant administration

in the delivery room, percentages by year, 2004 to 2015.

Table 4. Unadjusted Infant Mortality and Composite Neonatal Outcome (Morbidity + Mortality) rates and odds ratios.

2004 to 2008, 2009 to 2015,
n=1124 n= 1240 OR, 95% CI, P
Infant mortality, n (%) 174 (15.5) 162 (13.1) OR = 0.82, 0.65-1.03, .0933
Morbidity and mortality, n (%) 626 (55.7) 544 (43.9) OR = 0.62, 0.53-0.73, <.0001

Abbreviations: OR, odds ratio; Cl, confidence interval.

from 2004 through 2006. The observed value decreased
gradually, eventually falling to 20% below the expected
value beginning in 2009 to 2011 (P <.0001; Figure 3).
Multivariate models support several of the univariate
findings. Looking at the 2 time frames alone, there was
an 18% reduction in odds of infant mortality from the
Pre- to the Post-Implementation period though it did not
reach traditional statistical significance (odds ratio [OR]
= 0.82; 95% confidence interval [CI] = 0.65-1.03; P =
.0933; Table 4). After the adjustment for several clinical

factors explaining that trend variables strongly associ-
ated with a decrease in infant mortality over time include
increase in administration of antenatal steroids (OR =
0.48; 95% CI = 0.34-0.67; P < .0001) and cesarcan
delivery (OR = 0.62; 95% CI = 0.46-0.82; P = .0009),
with surfactant at the time of delivery being borderline
(OR =0.78; 95% CI=0.56-1.07; P =.1244), while con-
trolling for birth weight, child sex, and Apgar score
(Figure 4). Ten grams increase in birth weight was asso-
ciated with 3% decline in odds of mortality (OR = 0.97;
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Figure 2. Comparison of composite infant morbidity-
mortality rates of subsequent years to that in 2004, with
confidence intervals. Odds ratios below | indicate reduction
in odds of infant morbidity-mortality.
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Figure 3. Standard risk adjusted for mortality and
composite morbidity ratio (SMR). The dots represent the
mean; the bars represent the 95% confidence interval. The
number | represents the expected mortality and composite
morbidity as determined by the Vermont Oxford Network
(VON) for our center. The SMR is calculated using a 3-year
average.

95% CI = 0.96-0.98; P <.0001). Similarly, for the com-
posite morbidity-mortality outcome measure, there was
a 38% reduction in odds of morbidity-mortality from the
Pre- to the Post-Implementation period (OR = 0.62;
95% CI=0.53-0.73; P <.0001; Table 4). Even after the
adjustment for clinical and demographic covariates, the
Post-Implementation period was associated with a sig-
nificant decrease in odds of composite morbidity-mor-
tality (OR = 0.57; 95% CI = 0.46-0.71; P < .0001). As
with mortality alone, variables strongly associated with
a decrease in infant morbidity-mortality over time
include increase in administration of antenatal steroids

Figure 4. Multivariate logistic regression model showing
the association between the covariates of interest and infant
mortality over time, with 95% confidence intervals.
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Figure 5. Multivariate logistic regression model showing
the association between the covariates of interest and
composite infant morbidity-mortality over time, with 95%
confidence intervals.

(OR =0.59; 95% CI = 0.44-0.79; P = .0003) and cesar-
ean delivery (OR = 0.49; 95% CI = 0.39-0.61; P <
.0001), while controlling for birth weights, child sex,
and Apgar score. Surfactant at the time of delivery
showed a borderline association (OR = 0.79; 95% CI =
0.62-1.01; P =.0632; Figure 5). Similarly, 10 g increase
in birth weight was associated with 4% decline in odds
of composite morbidity-mortality (OR = 0.96; 95% CI =
0.96-0.97; P <.0001).

Discussion
Main Findings

We observed significant changes in the composite mor-
bidity-mortality for VLBW infants between the 2 periods
analyzed in this study. The standardized mortality and
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morbidity rate for VLBW infants was consistently 20%
above the expected value during Pre-Implementation.
This rate improved to up to 20% below the expected
value in the time period beginning 2009 to 2011, Post-
Implementation. Among others, factors associated with
these changes include increase in administration of ante-
natal steroids, cesarean delivery, and perhaps surfactant
at the time of delivery.

We targeted our study on the outcomes of VLBW
infants for 2 main reasons. These infants are 200 times
more likely to die than are full-term infants, and 84% of
infant deaths in this group occur during the neonatal
period.” It is for this group of infants that both the obste-
trician and neonatologist play a fundamental role for
survival, more than at any other gestational age. The
obstetrician should minimize the risk for the fetus, and
the neonatologist should have experience in managing
VLBW infants. Therefore, the results of a program that
starts when the baby is still in utero may be more easily
measured in the neonatal period by using the outcome of
VLBW infants. The second reason is that ROH is the
hospital with the highest number of VLBW infants born
in Shelby County. We did not include infants with a birth
weight of less than 500 g, because reporting data on
those infants may be incomplete and misleading."’

The composite morbidity-mortality outcome for
VLBW infants that we observed in our hospital
decreased disproportionately when compared with that
observed in many centers participating in VON. If the
composite morbidity-mortality rate in our hospital
decreased similarly to that of other hospitals in the net-
work, the risk would have remained 20% above the
expected rate. The evidence that the rate went from 20%
above the expected to 20% below the expected in a few
years indicates that the composite morbidity-mortality
for VLBW infants in our hospital decreased more than
in many other hospitals across the network.

Many factors have played a role in the results that we
observed in our hospital. Supported by our data, the
increased number of VLBW infants who received both
steroids before delivery and surfactant soon after deliv-
ery, and the increase in the proportion of cesarean sec-
tions contributed significantly to lower morbidity and
mortality. Observational studies suggest an improved
outcome with the use of cesarean delivery, which is con-
sistent with our findings.'®

The number of infants who were admitted with a tem-
perature below 36°C significantly decreased over time,
all the way down to 0.6% in 2015; however, this was not
significantly associated with either outcome in our
models.

Proportion of multiple gestations in Post-Implementation
did not increase significantly. Whether mortality is higher

in twin gestations than in singletons is controversial. Some
studies show that there is a difference in mortality between
twins and singletons that changes with gestational age; our
models, however, suggest no association.'”'®

We speculate that the following changes might
have had additional effects on the outcome improve-
ments, though these are purely observational: (1)
improved communication both inside the Department
of Obstetrics and Gynecology and with the neonatol-
ogy team; (2) changes that occurred in the NICU; (3)
the development of protocols for specific situations;
(4) the emphasis given to our simulation program; (5)
the recruitment of a patient safety nurse; (6) the clear
expectations for, and accountability from, the staff and
doctors both in clinics and on L&D; (7) the changes
made in the MFM program with the recruitment of
more MFM specialists; (8) and starting an MFM fel-
lowship. This is supported by our morbidity-mortality
model results that indicate that there are other factors
unaccounted for, that further explain the variability in
the outcome rates over time.

The results observed in our hospital have contrib-
uted to the decrease of the IMR in Shelby County.
Thirty percent of all Shelby County infants and 65% of
VLBW infants were delivered at ROH from 2004
through 2015. The IMR of the county decreased from
12.8 per 1000 in 2004 to 8.2 per 1000 in 2015. This
decreased mortality is primarily due to a decreased
neonatal mortality. Although post-neonatal mortality
decreased during this period as well, the changes were
not statistically significant.®'**°

Strengths and Limitations

The strength of our study is that the data were obtained
from our own database. We have a dedicated team that
works exclusively for the database in perinatology. This
has the advantage over data obtained from birth certifi-
cates, in which some information is not reported. Our
models allow for establishing whether one change was
more important than another relative to the magnitude of
the effect.

There are some limitations to our study. Eligibility
was restricted to infants with a birth weight of 500 to
1500 g. Thus, our inferences are limited to infants in that
weight range. We did not define or stratify our study
population based on gestational age, because, before
2006, eligibility for the VON database was based on
only birth weight. We do control for the birth weight in
our models, which is a correlate of gestational age. This
study does not have a control group, and some may sug-
gest changes are part of similar temporal trends across
the board. The VON standardized rates presented here,
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however, suggest 20% decrease in outcome measures
below the network average.

Conclusion

The program we implemented did not require a large
economic investment. We believe the phases of our plan
can be disseminated and implemented by other centers
with similar issues by delineating a strategic plan.
Probably the most crucial aspects for starting a program
such as the one here reported are (1) continuous com-
munication among the Division of Neonatology, the
Department of Obstetrics and Gynecology, and all other
divisions and departments involved with the care of the
patients; (2) the standardization of procedures; (3)
including physicians and nurses in decision-making
with the support of administrators; and, most important,
(4) creating an effective team atmosphere.
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