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Abstract.

BACKGROUND: Micro-premature newborns, gestational age (GA) < 25 weeks, have high rates of mortality and morbidity.
Literature has shown improving outcomes for extremely low gestational age newborns (ELGANs) GA <29 weeks, but few
studies have addressed outcomes of ELGANs < 25 weeks.

OBJECTIVE: To evaluate the trends in outcomes for ELGANs born in New Jersey, from 2000 to 2018 and to compare two
subgroups: GA 23 to 25 weeks (E1) and GA 26 to 29 weeks (E2).

METHODS: Thirteen NICUs in NJ submitted de-identified data. Outcomes for mortality and morbidity were calculated.
RESULTS: Data from 12,707 infants represents the majority of ELGANs born in NJ from 2000 to 2018. There were 3,957 in
the E1 group and 8,750 in the E2 group. Mortality decreased significantly in both groups; E1, 43.2% to 30.2% and E2, 7.6%
to 4.5% over the 19 years. The decline in E1 was significantly greater than in E2. Most morbidities also showed significant
improvement over time in both groups. Survival without morbidity increased from 14.5% to 30.7% in Els and 47.2% to
69.9% in E2s. Similar findings held for 501-750 and 751-1000g birth weight strata.
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CONCLUSIONS: Significant declines in both mortality and morbidity have occurred in ELGANSs over the last two decades.
These rates of improvements for the more immature ELGANSs of GA 23° to 25 weeks were greater than for the more mature
group in several outcomes. While the rates of morbidity and mortality remain high, these results validate current efforts to

support the micro-premature newborn.
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1. Introduction

Prematurity, gestational age (GA) less than 37
weeks has remained relatively constant over the
past two decades [1] and contributes significantly to
neonatal mortality [1-6] and morbidity [1-3, 5-8].
Consequently, this has engendered discussion within
the healthcare community regarding the economic
costs [9], and ethical [10-12] issues of providing
intensive care for this population.

Prior studies have focused on outcomes of very
low birth weight neonates (VLBW, BW < 1500 g) and
extremely low gestational age newborns (ELGANS,
GA <29 weeks) [1-3, 5, 6, 12-20]. Most studies
demonstrated improvements in mortality and mor-
bidity. However, few have focused on the neonate
<25 weeks [14, 16, 17, 21]. Seaton et al. showed
increased survival at 23-25 weeks gestation from
1991 to 2010 [17]. Shah et al. reported no significant
differences in mortality for infants <29 weeks gesta-
tion from 1997 to 2007 [18]. Horbar et al. evaluated
mortality and morbidity among infants 501-1500 g
[15]. They showed significant declines in morbidi-
ties in survivors of BW 501-750 g and 751-1000 g
from 2000 to 2009. However, outcomes for micro-
premature neonates (<25 weeks) continue to show
high rates of mortality and morbidity [14, 16, 17, 21].

Our study compares the most immature ELGANs
(GA 239-25% weeks) to the more mature ELGANSs
(GA 26°-29%) and reports the mortality and morbid-
ity in New Jersey (NJ) from 2000 to 2018. Our aim
was to evaluate the rates of change in outcomes for
these two groups of ELGANs, GA 239-25¢ weeks
(E1) and 26°-29% weeks (E2).

2. Methods

In 2008, 14 level III/IV NICUs formed the New
Jersey NICU Collaborative (NJNC) to improve out-
comes of premature neonates. Thirteen of the centers
chose to participate in this study and pool their data
on ELGAN:S. For this study, we excluded 22 week
infants as many centers did not resuscitate at this

gestational age. Variables in this database were
selected from those submitted to the Vermont Oxford
Network (VON). The definitions of morbidities are
those specified by VON [15]. Each participating
NICU submitted de-identified data to investigators at
Children’s Hospital of NJ (CHoNlJ). The combined
database contained information about the major-
ity of ELGANS born in NJ between 1/1/2000 and
12/31/2018. The de-identified database was approved
for use in this study by the Institutional Review Board
at CHoNJ/Newark Beth Israel Medical Center.

Data from 13,127 inborn infants were evaluated.
We excluded infants with major congenital anoma-
lies. The remaining 12,707 ELGANs were divided
into two groups, E1 (GA 23°-25% weeks, n=3957)
and E2 (GA 26°-29° weeks, n=28750). The num-
ber of infants in each GA is given in Table 1. We
calculated mortality and morbidity rates for the two
ELGAN groups over the 19 years. Mortality was
defined as death after admission to the NICU and
before discharge. The morbidity rate was based on the
occurrence of any one of seven morbidities in patients
without missing data: (1) severe retinopathy of pre-
maturity (SROP, grade III-V, n=10,349), (2) any late
infection (LI, n=11,818), (3) severe intraventricular
hemorrhage (sIVH, grades III and IV, n=11,814),
(4) periventricular leukomalacia (PVL, generally
defined by ultrasound, n=11,959), (5) pneumotho-
rax (PnT, n=12,432), (6) necrotizing enterocolitis
(NEC,n=12,432) and (7) chronic lung disease (CLD,
n=10,494). CLD was defined as oxygen use at cor-
rected GA of 36 weeks. Patients discharged before
36 weeks without oxygen were defined as having no
CLD.

We computed rates of mortality, overall morbid-
ity in survivors, survival without morbidity, and the
seven individual morbidities for each study year.
Linear regression analyses were performed for each
measure to obtain predicted values in the years 2000
and 2018 and rates of change over the 19 years.
Correlation coefficients for each regression analysis
were tested for statistical significance. In addition,
for each variable, we computed a difference in preva-
lence score; i.e. the percent for E1 minus the percent
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Table 1

Number of ELGAN 1 (E1, n=3957) and ELGAN 2 (E2, n=_8750) subjects in each of their respective GA and
study year groups

Year El E2
(GA’s 23-25 Weeks) (GA’s 26-29 Weeks)
23 24 25 El total 26 27 28 29 E2 total

2000 44 69 79 192 95 113 92 119 419
2001 44 79 54 177 89 112 128 112 441
2002 49 80 85 214 103 86 121 109 419
2003 53 79 83 215 119 121 112 141 493
2004 66 77 87 230 130 75 105 118 428
2005 37 79 81 197 102 127 120 163 512
2006 57 92 93 242 95 107 119 158 479
2007 57 78 101 236 85 123 137 127 472
2008 37 109 77 223 109 121 144 159 533
2009 59 72 84 215 87 114 118 159 478
2010 46 86 73 205 111 94 127 130 462
2011 55 75 83 213 104 111 116 139 470
2012 51 78 91 220 98 109 102 137 446
2013 49 80 85 214 104 98 109 129 440
2014 51 65 90 206 87 101 120 144 452
2015 49 64 86 199 98 140 112 119 469
2016 67 53 62 182 93 109 128 147 477
2017 62 66 58 186 88 94 120 125 427
2018 31 66 94 191 87 95 121 130 433

for E2. Linear regression analyses were performed
for these difference scores.

3. Results

Figure 1A shows mortality rates and regression
lines for E1 and E2 infants. The mortality rates for E1
infants were always greater than for E2s. However,
improvement in mortality rates were statistically sig-
nificant for both groups (E1, p <0.001; E2, p=0.02).
Figure 1B shows differences in the rates of decline
in mortality between El and E2 infants. The neg-
ative slope of the regression line means that these
differences in percentages were getting smaller over
the years, indicating a greater rate of change in E1l
infants. This difference was statistically significant
(p=0.006). The rates of survival without major mor-
bidity are shown in Fig. 2. The improvement in
survival without morbidity was significant for E1 and
E2. The relative rates were not significantly different
between the two groups.

The major findings in the study are summarized in
Table 2. The column labeled “2000” is the y-intercept
of the regression equation and represents the calcu-
lated value in year 2000. The column labeled “slope”
is the x coefficient and represents the change per year
in the study variable percent. The last two columns
are the regression coefficient and p-value for the par-
ticular study variable. The section of Table 2 labeled

E1-E2 shows the regression analyses of the difference
between the values for the more premature infants
(E1) after subtracting the values for the less prema-
ture infants (E2). A negative slope, except for survival
without morbidity, means that these differences in the
percentages are getting smaller over time, indicating
a greater change over time in E1 compared to E2.
A positive value means the differences are getting
larger, indicating a greater change in E2 compared to
El.

Overall morbidity decreased from 2000 to 2018 in
both groups although the rate of decline was faster
in E2. Moreover, most of the individual morbidities
showed significant (p <0.05) decreases. In Els all
variables except PnT, NEC and PVL improved sig-
nificantly. In E2s all variables except PVL improved
significantly. Mortality and sROP improved more
rapidly in Els. Survival with no morbidity increased
significantly in both Els and E2s.

The above results show that for mortality and most
individual morbidities, E1 infants demonstrated sig-
nificant decreases in incidence over the 19 years.
However, such trends may be related to factors that
were not associated with clinical care. To investigate,
we determined if there were significant trends over
the years for a number of possible confounders.

We initially evaluated whether the average GA
of El changed over the years. Regression analyses
showed that there was no significant change in aver-
age GA over the study period (E1 average age =24.1,
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Fig. 1. Mortality trends of E1 and E2 infants. Panel A shows the percent mortality for E1 (solid line) and E2 (dashed line) infants over 19
years with the best fitting regression lines superimposed on the data for each group of infants. The slope for E1 =—0.72%/year, p <0.001.
The slope for E2=-0.17%/year, p=0.02. Panel B is a plot of the difference in percent mortality (E1 minus E2) for each year, and the best

fitting regression line. The slope is =-0.55%/year, p <0.006.

slope=-0.0003 weeks/yr, r=-0.02, p=0.93; E2
average age=27.6, slope =0.005 weeks/yr, r=0.41,
p=0.08).

The percent of infants who were small for ges-
tational age (SGA) in the E1 group did not change
significantly over years (average over years =5.9%,
slope =—0.12%/yr, r=-0.24 p=0.32) although the
percent SGA in E2 infants increased signifi-
cantly over years (average =9.4%, slope =0.22%/yr,
r=0.71, p<0.001). We also evaluated the change in
percentage of multiple gestations, and there was none
(E1 average=27.7%, slope=-0.26%/yr, r=-0.24,
p=0.32; E2 average=31.2%, slope=-0.12%/yr,
r=-0.25, p=0.28).

To address the possibility that decreases over years
in acute clinical status of infants at the time of
birth might account for improvements in mortal-
ity and/or morbidity we also assessed the trend of

the percent of infants with 1 and 5 minute Apgar
scores less than 4. Analyses showed that for El
infants, the percentage of Apgar scores less than 4
did not change significantly although for E2 this per-
centage increased significantly (E1 average =46.4%,
slope= +0.19%/yr, r=0.28, p=0.25; E2 aver-
age=16.3%, slope=0.38%/yr, r=0.74, p<0.001).
These same analyses for 5 minutes Apgar scores
showed that for E1 infants, the percentage of
infants with Apgar scores less than 4 also did not
changes significantly over years (average=19.9%,
slope=+0.12%/yr, r=0.28, p=0.25) while for E2
infants, this percentage increased significantly (aver-
age=2.6%, slope=+0.09, r=0.61, p=0.006).

It was possible that racial mix of the popula-
tion changed with years and this might account for
the trends in mortality and morbidity of El infants.
For E1 infants, the percent of Black infants did not
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Fig. 2. Survival of E1 and E2 infants without any major morbidity. Panel A shows the percent survival without major morbidity for E1 (solid
line) and E2 (dashed line) infants over 19 years with the best fitting regression lines superimposed on the data for each group of infants.
The slope for E1 =0.90%/year, p <0.001. The slope for E2 =1.26% /year, p <0.001. Panel B is a plot of the difference in percent survival
without major morbidity (E1 minus E2) for each year and the best fitting regression line. The slope is —0.36%/year, p <0.013.

change significantly over the study period (E1 aver-
age =40.4%, slope=-0.10%/yr, r=0.17, p=0.49).
For E2 infants there was a significant decrease in
the percentage of Black infants over years (E2 aver-
age =34.5%, slope =0.23%/yr, r=-0.55, p=0.015).

The percent of Hispanics in both Els and E2s
groups increased significantly over years (E1 aver-
age=21.2%, slope =+ 0.48%/yr, r=0.76, p<0.001;
E2 average=19.8%, slope=0.58%/yr, r=0.891,
p<0.001). To determine if this change in ethnicity of
Els accounted for the trends in mortality and morbid-
ity we excluded Hispanics and repeated the regression
analyses. Results showed that both mortality and
morbidity declined significantly over years after
excluding Hispanics (mortality, slope =—-0.79%/year,
r=-0.77, p<0.001; morbidity, slope =—-1.09%/year,
r=-0.79 p <0.001). Thus, the trends in ethnic mix do
not account for the overall trends in the Els.

Finally, to make more direct comparisons to a pre-
vious study [7] looking at mortality and morbidity in
survivors for infants born with birth weights between
501 and 750 g and those between 751 and 1000 g, we
computed the changes in these outcomes over the 19
years for these two groups. For mortality, we saw a
significant decline from 43.6 to 26.7% in the lower
BW group (r=-0.82, p<0.001), and from 12.3 to
7.6% in the higher BW group (r=-0.66, p=0.002).
There were also significant declines in major mor-
bidity in survivors in both BW groups (501 to 750 g,
89.2% to 76.2%, r=-0.74, p<0.001; 751 to 1000 g,
75.8% to 45.8%, r=-0.88, p<0.001).

4. Discussion

Since the 1960s neonatologists have expanded the
limits of survival of preterm neonates. Availability
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Table 2
Summary statistics for mortality, any morbidity, survival with no morbidity and individual morbidities for E1 infants (GA 23°— 25 weeks),
E2 infants (GA 26°-29° weeks) and the difference between E1 and E2 infants (E1 — E2). The column labelled 2000 contains the estimated
values for the first year of the study period, the column labelled slope contains the rates of change in percent per year and the column
labelled 2018 contains the estimate for the last year of the study. The last two columns contain the correlation coefficient between percent
and year (r), and the p-value for the correlation coefficients. Morbidities shown are: Chronic Lung Disease (CLD, oxygen at 36 weeks
post-conceptional age), any late infection (LI, infection occurring after day three of life), severe intraventricular hemorrhage (sSIVH, grades
IIT and IV), severe retinopathy of prematurity (SROP, grades III-V), pneumothorax (PnT), necrotizing enterocolitis (NEC), periventricular

leukomalacia (PVL)
E1 (230 — 25° weeks) E2 (26° — 296 weeks) El1-E2

2000* slope® 2018°  r p  2000° slope® 2018 r p  2000* slope® 2018° r p
Mortality 432 -072 302 071 <0.001 7.6 -0.17 45 053 0.020 356 -055 257 0.61 0.006
Morbidity inall  90.1 -0.83 752 0.84 <0.001 555 -129 323 093 <0.001 346 +0.46 429 0.77 <0.001
patients
Survival withno 145 +0.9 307 082 <0.001 472 +1.26 699 094 <0.001 -32.7 -0.36 -39.2 0.56 0.013
morbidityd
INDIVIDUAL MORBIDITIES (PERCENTAGE OF ALL PATIENTS EVALUATED FOR THE MORBIDITY)
CLD 585 -0.52 49.1 053 0.020 223 -033 164 061 0.006 361 -020 325 023 0.34
LI 492 -133 253 0.87 <0.001 296 -123 75 094 <0.001 196 -0.10 17.8 0.17 049
sIVH 254 -041 180 052 0.022 7.6 -0.15 49 050 0.029 17.8 -027 129 037 0.12
sROP 289 -0.84 135 081 <0.001 60 -024 17 085 <0.001 227 -061 11.7 071 <0.001
PnT 111 -008 96 020 041 47 -010 29 050 0.029 65 +002 69 005 084
NEC 109 -009 93 028 025 7.6 -020 40 075 <0.001 34 +0.11 54 037 0.12
PVL 43 +003 48 009 071 30 -005 21 038 011 13 +008 27 025 030

2% in 2000 estimated from y-intercept from linear regression. ®% change/year. °% in 2018 estimated from y-intercept from linear regres-

sion + 18 x slope. 4an increase in percentage from 2000 to 2018 is an improvement

of surfactant, the introduction of antenatal steroids,
advances in ventilation, and other technologies have
allowed us to extend the limit of viability to 22-23
weeks gestation. There is an ongoing need to know
whether survival is improving and morbidity in sur-
vivors is decreasing over time.

In 2012 Shah et al. published data from the Cana-
dian Neonatal Network comparing mortality and
morbidities of preterm infants <29 weeks gestation
from 1996-1997 to 2006-2007 [18]. Their results
raised serious concerns, suggesting that we may have
reached “the threshold of neonatal intensive care pro-
vision.” Our study, which includes the next decade
ending in 2018, shows more encouraging results.
Shah et al. [18] showed no significant difference
in mortality, whereas we found a decrease in mor-
tality from 43.2% to 30.2% (p<0.001) in infants
23-25 weeks GA, and from 7.6% to 4.5% (p =0.020)
in infants 26-29 weeks GA. There was a signifi-
cant increase in bronchopulmonary dysplasia in the
later cohort of the Canadian study whereas our study
showed a significant decrease in CLD in both groups
(E1 58.5% to 49.1%, p=0.020 and E2 — 22.3% to
16.4%, p=0.006). Most dramatically, in the Cana-
dian study there was no difference in the number of
infants with nosocomial infections, 31.9% vs. 31.8%,
whereas we found marked improvement in LI in both
groups, with El decreasing from 49.2% to 25.3%

(p<0.001) and E2 decreasing from 29.6% to 7.5%
(p<0.001).

Our data are comparable to Horbar et al. who used
BW groupings and examined data from 669 hospi-
tals in the VON data base over the years 2000 — 2009
[7]. They showed mortality decreased from 41.7% to
36.6% in infants with BW 501 to 750 grams, and from
13.0% to 11.7% in the 751-1000 grams BW group.
Our mortality results for these groups of infants were
43.6% t026.7% for the 501 to 750 g group and 12.3%
to 7.6% for the 751-1000 g group. Major morbid-
ity in survivors in the Horbar et al., study decreased
slightly from 84.0% to 82.7% in their lowest BW
group and from 62.1% to 57.4% in the 751-1000
grams BW group compared with a decrease from
89.2% to 76.2% in our 501 to 750 g infants and from
75.8% to 45.8% in our 751 to 1000 g infants. The
decreases we observed in mortality and morbidity
were more pronounced than in the Horbar et al. study
perhaps because our data was from 2000 to 2018, a
wider and more recent period.

Improvement in mortality and morbidity was seen
in infants 22 to 29 weeks GA or less than 1500 g
in a study of California NICUs between 2008 and
2017 [22]. It is important to note that ~33.9% of
their cohort was > 30 weeks GA, while none of our
cohort were >30 weeks GA. They found a decrease
in mortality of 0.2% per year with rates of decline
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greatest in the youngest (<27 week) babies. This
is consistent with our findings that the decline in
mortality for El infants was greater than that for
E2 infant (-0.72%/year, —0.17%/year respectively)
and that the difference in mortality rates was nar-
rowing over the years. Lee et al., [22] also found
that the number of morbidities declined over years,
but they did not present these results by BW or GA
strata. Thus, earlier studies and ours show decreases
over time in all BW and GA groups, and our data
suggest continuing improvement in mortality and
morbidity in survivors in both GA groups through
2018.

Lee el al. did not find significant improvement in
CLD in their cohort [22]. In our study, where CLD
accounts for the majority of morbidity outcomes in
survivors, E1s showed about a 16% reduction in CLD
over the 19-year study period, which is encourag-
ing. Our changes in CLD per year are small (~0.5%
per year) emphasizing the importance of collecting
outcome data over many years.

The most robust improvements were seen in SROP
and LI, with ~50% decrease in Els and ~70%
decrease in E2s, as also seen by Lee et al. [22]. This is
encouraging, as these morbidities appear responsive
to current clinical practices. However, similar to Lee
et al. [22], we did not find a significant reduction in
prevalence of PVL over the years.

Severe IVH declined significantly in both El
and E2 infants with changes of —0.41%/year and
—0.15%/year respectively. These changes are in
agreement with those reported by Lee et al. who
found a rate of —0.3%/year for their infants [22].
The cause of the decreased prevalence of sIVH is
unclear. While the etiology of IVH is multifactorial
[23], these decreases may reflect increasing experi-
ence in the care of ELGANSs. Although Lee et al.
reported a significant decline in NEC (-0.3%/year)
we saw a significant decrease in the rate of NEC only
in E2 infants (—0.2%/year). It is unclear why change
did not occur in both groups, considering that the
NINC has focused on promoting breast milk as the
preferred feeding for these infants since 2009. While
the availability of donor human milk in NJ NICUs has
gradually increased since 2009, it was only available
in 9 units as of 2018.

In spite of wide use of surfactant, and gentler non-
invasive ventilation, pneumothorax prevalence still
remains high (9.6%) in the most premature infants
(E1), most likely due to low compliance of anatom-
ically and physiologically underdeveloped lungs.
These factors may explain the statistically significant

decrease for the more mature infants who have a rate
of 2.9%.

NICUs have devoted an enormous amount of
resources to caring for very immature infants. To
some, these efforts seemed futile. Our results clearly
demonstrate that we have improved care for ELGAN
infants. There were significant improvements in the
survival and morbidity of not only the more mature
ELGANS, but also of those considered at the edge of
viability.

In summary, although 70% survival in the most
immature infants is still low, it is an impressive
improvement in a population that as recently as 25
years ago was considered non-viable. More encour-
aging is the survival with no morbidity in Els that
increased from 14.5% to 30.7% which is similar to the
results reported by Kaempf et al. [24]. Clearly, there
is room for improvement as technology and expertise
improve. Although limited to births in New Jersey,
this study reinforces the need for systematic quality
improvement to ensure that best practices are shared
among all neonatal intensive care units.
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