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The Association of Hydrocortisone Dosage on Mortality in Infants Born
Extremely Premature

Veeral N. Tolia, MD', Timothy M. Bahr, MD? Monica M. Bennett, PhD?, Gregory Martin, MD?, Rachel G. Greenberg, MD*,
Matthew M. Laughon, MD®, and Reese H. Clark, MD®

Objective To characterize common dosing strategies and to investigate the association between hydrocortisone
dosage and in-hospital mortality in infants born extremely premature.

Study design We performed a retrospective review of a cohort of infants born <30 weeks’ gestational age from
2010 to 2016 from the Pediatrix Clinical Data Warehouse who received hydrocortisone in the first 14 postnatal days.
Infants were divided by initial hydrocortisone dosage (high: >2 mg/kg/d vs low: <2 mg/kg/d). Baseline characteris-
tics and medication coexposures were compared and mortality was evaluated in a multivariable analysis.
Results A total of 1427 infants were included, 733 with high dosage (51%) and 694 with low dosage (49%). The
groups were similar with regard to baseline characteristics. Infants in the high-dosage group had significantly more
exposure to any vasopressors (89% vs 84%, P < .001) and greater mortality (50% vs 23%, P < .001) vs the low-
dosage group. High dosage of hydrocortisone was associated independently with death (aOR 3.27, 95% CIl 2.47-
4.34, P < .001) in a multivariable regression analysis including propensity scoring for dosage and other covariates.
When the cohort was split into quartiles by dosage, mortality was lower in the lower-dosage quartiles compared
with the higher quartiles (mortality range 13%-50%).

Conclusions In this retrospective analysis of a large sample of infants born premature, increased initial hydro-
cortisone dosage was associated independently with increased mortality. Trials to assess the impact of hydrocor-
tisone dosage in this population are needed. (J Pediatr 2019;207:143-7).

he use of hydrocortisone in neonatal intensive care units (NICUs) is increasing and has become common in hypoten-
sive infants born extremely premature.' Despite this, dosing strategies are poorly defined and vary widely. Pharmacy
reference texts suggest a wide dosing range of up to 3 mg/kg/d,>” and clinical trials have studied low doses for the pre-
vention of bronchopulmonary dysplasia*® and varied doses for the treatment of hypotension.”® To date, there are no reports
that characterize current dosing practices for early hydrocortisone in infants born premature. Furthermore, no clinical trials
have compared different dosing regimens to assess comparative effectiveness or differences in outcomes.
The purpose of this study was to use a large clinical dataset of infants born premature to summarize the characteristics of
infants who received hydrocortisone in the first 14 days of life. Our objective was to characterize common dosing strategies
and to investigate the association between hydrocortisone dosage and in-hospital mortality.

This study was a retrospective cohort review of infants treated with hydrocortisone. Data were sourced from the Pediatrix Clini-
cal Data Warehouse. Clinical data on these neonates are recorded during their hospitalization in the NICU. Admission, dis-
charge, and daily progress notes are generated with a proprietary computer-
assisted tool, and these data are stored in an electronic database. Clinicians providing
care to patients interact with the patient’s data on a daily basis to generate prog-
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Infants were eligible for inclusion in our study if they re-
quired admission to a participating NICU, were discharged
between January 1, 2010, and December 31, 2016, had a birth
weight 2400 g, and were born between 23 and 30 weeks’ ges-
tation. From all eligible infants, we identified those with early
hydrocortisone exposure that included dosage, and these infants
constituted the study cohort.

We collected the following independent variables: mater-
nal age, antenatal steroid exposure, antenatal antibiotics, ce-
sarean delivery, multiple gestation, outborn birth status,
gestational age at birth, birth weight, small for gestational age
status, 1- and 5-minute Apgar scores, sex, and race/ethnicity.
Gestational age was determined by the admitting physician and
not standardized across sites. We also collected data on thera-
pies used during the infant’s hospital stay, including use of me-
chanical ventilation on day 0, 1, or 2, and exposure to the
following medications during the first 14 postnatal days: any
surfactant, dexamethasone, indomethacin, dopamine,
dobutamine, epinephrine, milrinone, and nitric oxide. Our
primary outcome was death of any cause before NICU
discharge.

Data on medication exposures are captured daily in the Clini-
cal Data Warehouse for all infants. For this study, we in-
cluded infants with exposure to intravenous hydrocortisone
in the first 14 days after birth. Dosage data were available for
a subset of sites. Data on dosages were stored in a free-text field,
which was extracted from the initial day of hydrocortisone ex-
posure and coded to determine dosage (reported in mg/kg/
d), dose (in mg/kg/dose), and dosing frequency (number of
doses per day). In patients with data reported in body surface
area, the dosage was converted to mg/kg/d using the follow-
ing formula: mg/m?/day * body surface area/weight on day of
birth." We used dosage in our analysis because other mea-
sures of exposure (such as cumulative hydrocortisone expo-
sure) would be biased by mortality.

Statistical Analyses

After preliminary analysis, the cohort was divided into 2 groups
based on the median initial dosage of hydrocortisone: infants
in the high-dosage group: >2 mg/kg/d and infants in the low-
dosage group: <2 mg/kg/d. Demographic and treatment char-
acteristics of the 2 groups were compared. Continuous variables
(eg, gestational age and birth weight) were evaluated to de-
termine whether they were parametric. Parametric data were
assessed with 2-tailed ¢ tests. Nonparametric continuous vari-
ables were assessed with Kruskal-Wallis one-way ANOVA. Cat-
egorical variables (eg, race and sex) were evaluated with Pearson
X’ tests.

Logistic regression was used to calculate the unadjusted and
aOR for death after excluding transfers. For the adjusted mul-
tivariable model, we first calculated the propensity score for
high-dosage hydrocortisone exposure using all infant base-
line and treatment characteristics including hydrocortisone start
date. This propensity score was included as a covariate along
with antenatal steroid exposure; multiple gestation; outborn
birth status; gestational age at birth; birth weight; small for ges-
tational age status; 5-minute Apgar score; sex; race/ethnicity;
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mechanical ventilation on day 0, 1, or 2; and medication
coexposure (as listed previously) in the final model. Birth weight
and gestational age were included as continuous variables, and
the model was adjusted for random center effect. We also evalu-
ated the effect of dosage on mortality in a model that used
inverse probability weights calculated from the propensity
scores, as well as a model that excluded any propensity score
technique but included all other covariates.

To determine the impact of excluding transferred infants,
two-sensitivity analyses were performed. First, we used mul-
tiple imputation for the primary outcome for these infants with
the Markov Chain Monte Carlo technique. This logistic re-
gression analysis was repeated with 20 imputed datasets and
the pooled OR of death was calculated.”” The second sensi-
tivity analysis used a combined outcome of death or transfer.

Because of the wide range of recommended hydrocorti-
sone dosage, we also performed a secondary analysis, in which
we divided the cohort into approximate quartiles based on
initial dosage (<1 mg/kg/d, 1-2 mg/kg/d, >2-3 mg/kg/d, and
>3 mg/kg/d) and repeated the descriptive and multivariable
analysis. All statistical analyses were performed using JMP 12
and SAS 9.4 (SAS Institute, Cary, North Carolina).

There were 615 421 infants reported in the dataset between
2010 and 2016, of whom 68 838 (11%) met the gestational age
and birth weight inclusion criteria. Of these infants, 5138 (8%)
were treated with hydrocortisone within the first 14 postna-
tal days. Infants treated with hydrocortisone were smaller, more
immature, were less likely to have received antenatal steroids,
and were more likely to be treated with vasopressors and me-
chanical ventilation. They were more likely to have surrogate
markers for severe illness such as lower Apgar scores, were more
often small for gestational age, and were more often male
(Table I; available at www.jpeds.com). From this group, we iden-
tified 1427 infants from 99 NICUs with full initial dosing data
who constituted our study cohort. The infants without dosing
data were similar to our study cohort (Table II; available at
www.jpeds.com).

The median dose of initial hydrocortisone was 2 mg/kg/d
(10-90th percentile = 0.4-4 mg/kg/d) and the median indi-
vidual dose of hydrocortisone was 1 mg/kg/dose (10-90th per-
centile = 0.25-1 mg/dose). Dosage was converted from body
surface area to mg/kg/d in 126 infants. Dividing the cohort by
the median initial dosage, we defined 733 (51%) infants in the
high-dosage group and 694 (49%) infants in the low-dosage
group. The groups were similar with respect to baseline char-
acteristics although infants in the high-dosage group were more
likely to receive vasopressors and other vasoactive drugs
(Table III).

Differences in initial hydrocortisone dosing and mortality
are described in Table IV. Mortality was significantly greater
for infants in the high-dosage group compared with infants
in the low-dosage group (50% vs 23%, unadjusted OR 3.9, 95%
CI 3.0-4.9, P<.001) after transfers were excluded. This dif-
ference persisted (aOR 3.27,95% CI 2.47-4.34, P < .001) after
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Table III. Infant baseline and treatment characteristics1
by hydrocortisone dosage group

Low dosage, High dosage,

Characteristics <2 mg/kg/d >2 mg/kg/d Pvalue
n 694 733

Maternal age, y, median 28 (19-37) 27 (20-37) .032

(10-90th %)

Antenatal steroids, n (%) 539 (78) 547 (75) 192
Antenatal antibiotics, n (%) 371 (53) 412 (56) 312
Cesarean delivery, n (%) 535 (77) 541 (74) 149
Multiple gestation, n (%) 165 (24) 172 (23) .901
Outborn, n (%) 167 (24) 159 (22) 313
Gestational age, wk, median 25 (23-28) 25 (23-28) 713

(10th-90th %)
Birth weight, g, median
(10th-90th %)

698 (550-1100) 710 (500-1040) .387

Small for gestational age,n 132 (19) 150 (20) .668
(%)

One-minute Apgar, median 3(1-7) 3(1-7) .059
(10th-90th %)

Five-minute Apgar, median 6 (3-8) 6 (3-8) .056
(10th-90th %)

Male, n (%) 395 (57) 433 (59) 420

Race/ethnicity, n (%) .590
Asian 27 (4) 20 (3)
Black 191 (28) 224 (31)
Hispanic 113 (16) 115 (16)
Other 41 (6) 41 (6)
White 322 (46) 333 (45)

Mechanical ventilation on 630 (91) 676 (92) 787
day 0-2, n (%)

Mechanical ventilation on 673 (97) 722 (99) .093
hydrocortisone start day

Medication use in first
14 postnatal days, n (%)
Surfactant 630 (91) 665 (91) 971
Dexamethasone 34 (5) 37 (5 .904
Indomethacin 215 (31) 215 (29) 526
Any vasopressors 580 (84) 650 (89) .006
Dopamine 562 (81) 629 (86) .015
Dobutamine 171 (25) 287 (39) <.001
Epinephrine 122 (18) 242 (33) <.001
Milrinone 14 (2) 38 (5) .002

L Nitric oxide 112 (16) 169 (23) .001 )

risk adjustment for the following covariates: propensity for high-
dosage hydrocortisone; antenatal steroid exposure; multiple ges-
tation; outborn birth status; gestational age at birth; birth
weight; small for gestational age status; 5-minute Apgar score;
sex; race/ethnicity; mechanical ventilation on day 0, 1 or 2; and
medication coexposure. We found substantively identical results
in the adjusted model that used the propensity score for inverse
probability weights (aOR 3.28, 95% CI 2.48-4.33, P < .001) as
well in the adjusted model that excluded propensity scores
(aOR 3.33,95% CI 2.52-4.40, P < .001). In the sensitivity analy-
ses, we found only modest changes in the point estimate when
imputing the outcome for the transferred infants (aOR 2.71,
95% CI 2.05-3.58, P < .001) or using a combined outcome of
death or transfer (aOR 3.65, 95% CI 2.07-3.38, P <.001).

In the secondary analysis, the cohort was divided into 4 ap-
proximate quartiles based on initial dosage. Among the 4
groups, there were significant differences with regard to sex
and use of dopamine, dobutamine, epinephrine, milrinone, and
inhaled nitric oxide (Table V; available at www.jpeds.com). As

-~
Table IV. Hydrocortisone dosing and mortality in low-N
dosage and high-dosage groups
Characteristics Low dosage  High dosage  Pvalue
Dosing range <2mg/kg/d  >2 mg/kg/d
n (%) 694 (49%) 733 (51%)

Dosage in mg/kg/d, median 1(0.25-2) 3(2.4-4.8) <.001
(10-90%)

Individual dose in mg/kg, 0.5 (0.1-1) 1(1-2) <.001
median (10%-90%)

Dosing frequency, doses <.001
per day*
Infants with 1 dose/d (%) 165 (24) 2 (0)
Infants with 2 doses/d (%) 338 (49) 70 (10)
Infants with 3 doses/d (%) 114 (16) 488 (67)
Infants with 4 doses/d (%) 35 (5) 119 (16)

Age start of hydrocortisone in 3(0-12) 3(0-12) 454
days, median (10%-90%)

Final disposition, n (%)
Alive 436 (63) 261 (36) <.001
Died 160 (23) 369 (50) <.001
Transferred 98 (14) 103 (14) .879
Mortality excluding transfers 27% 59% <.001
Age at death, median 13 (2-63.5) 8 (1-34) <.001

(10%-90%) )

*Data on dosing frequency missing for 96 (7%) of infants.

there were only modest differences in individual dose (from
0.5 mg/kg/dose to 1.2 mg/kg/dose in the first to fourth quartiles
respectively, Table VI), the main determinant of dosage ap-
peared to be frequency of the drug administration. Mortality
increased by dosing quartile of hydrocortisone, from 15% in
the infants treated with <1 mg/kg/d, to 33% in those infants
given 1-2 mg/kg/d dosage, and to 51% and 50%, respec-
tively, in the 2 groups with greatest exposure (>2-3 mg/kg/d
and >3 mg/kg/d). After risk adjustment for the same covariates
in the primary analysis, the odds of death were significantly
greater in each 1:1 comparison of a higher dosage quartile with
a lower dosage quartile except for the comparison between the
2 highest dosing groups, suggesting a dose—response relation-
ship (Table VII).

In this multicenter retrospective cohort study, we found that
high initial dosage of early hydrocortisone was associated with
a large difference in absolute mortality and increased odds of
death. This finding persisted in the multivariable regression
and secondary analyses. Our findings are especially concern-
ing, given recent cohort studies reporting increased mortal-
ity or morbidity with hydrocortisone treatment.'>'*

Several robust prospective trials have assessed the safety and
efficacy of low-dose hydrocortisone to prevent bronchopul-
monary dysplasia,”® but our study has important differences
in its target population and medication use. In our cohort, we
suspect that hypotension was the most common indication for
hydrocortisone because of the high reported coexposure of any
vasopressors in our infants. In addition, >75% of the infants
in our cohort were treated with larger hydrocortisone dosages
than used in those prospective trials. Finally, our study period
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Table VI. Hydrocortisone dosing and mortality by dosing quartiles
Characteristics First quartile Second quartile Third quartile Fourth quartile Pvalue
Dosing range <1 mg/kg/d 1-2 mg/kg/d >2-3 mg/kg/d >3 mg/kg/d
n (%) 318 (22%) 376 (26%) 387 (27%) 346 (24%)
Median dosage in mg/kg/d (10th-90th %) 0.5 (0.2-0.9) 1.6 (1-2) 3(2.2-3) 4 (3.1-6) <.001
Median individual dose in mg/kg/dose (10th-90th %) 0.3 (0.1-0.5) 0.7 (0.5-1) 1(0.8-1) 1.1(1-2) <.001
Dosing frequency, doses per day* <.001
Infants with 1 dose/d (%) 130 (41) 35(9) 0(0) 2(1)
Infants with 2 doses/d (%) 129 (41) 209 (56) 44 (11) 26 (8)
Infants with 3 doses/d (%) 45 (14) 69 (18) 319 (82) 169 (49)
Infants with 4 doses/d (%) 8(3) 27 (7) 13 (3) 106 (31)
Final disposition, n (%)
Alive 226 (71) 210 (56) 129 (33) 132 (38) <.001
Died 48 (15) 112 (30) 197 (51) 172 (50) <.001
Transferred 44 (14) 54 (14) 61 (16) 42 (12) .551
Age at death, median (10%-90%) 26 (4-75) 12 (2-56) 9(1-32) 7 (1-35) <.001 )

*Data on dosing frequency missing for 96 (7%) infants.

preceded the publication of the initial PREMILOC (Early Low-
Dose Hydrocortisone to Improve Survival without Broncho-
pulmonary Dysplasia in Extremely Preterm Infants) study
results, reducing the likelihood of widespread practice of pro-
phylactic use as described in that trial.

One small prospective study evaluated high-dose hydro-
cortisone for hypotension in larger infants than our cohort and
reported significant short-term improvement in hypoten-
sion but also a modest, nonsignificant increase in mortality
among treated infants.” Other cohort studies have evaluated
the effects of hydrocortisone on hypotension, but our study
may be less subject to confounding by treatment indication
vs reports comparing infants treated with hydrocortisone with
those who were not treated."

Watterberg summarized the limited data available for hy-
drocortisone dosing for hypotension and suggested that a dose
range of 1-2 mg/kg/d should be adequate in infants born ex-
tremely preterm." She also suggested caution at higher doses,
as studies have suggested that prolonged exposure to high con-
centrations of glucocorticoids may have adverse effects in both
children'*"® and adults."*”* More than one-half of our study
population received an initial dosage greater than this recom-
mendation. Importantly, we found that the primary driver of
higher hydrocortisone dosage was dosing frequency. Because
infants born premature have longer half-life for hydrocortisone

e )
Table VII. Logistic regression matrix for odds of mor-
tality comparing each dosing quartile

Quartiles Comparison quartile

Referent Second quartile Third quartile Fourth quartile
1-2 mg/kg/d >2-3 mg/kg/d >3 mg/kg/d

First quartile 2.41 (1.54-3.78)  6.04 (3.87-9.41)  5.27 (3.38-8.24)

250 (1.72-3.63)  2.19 (1.51-3.17)

1.14 (0.79-1.65)

Second quartile
L Third quartile

*
J

Each cell reports the aOR (Cl) of mortality (95% Cl) when the referent quartile is compared with
the comparison quartile.

P value for each aOR was < .001 except *, where P=.495.

This model was adjusted for antenatal steroid exposure; multiple gestation; outborn birth status;
gestational age at birth; birth weight; small for gestational age status; 5-minute Apgar score;
sex; race/ethnicity; mechanical ventilation on day 0, 1, or 2; and medication coexposures.
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compared with newborns born at term,”" it is possible that the
more frequent dosing we found in the infants in the high-
dosage group resulted in a sustained exposure to high con-
centrations of the glucocorticoid, which was harmful.
Hydrocortisone has many effects on the body (eg, anti-
inflammation and immunosuppression), but the mechanism
by which this relationship between hydrocortisone and death
could be causal is unknown, and a study of observational nature
cannot evaluate causality.

The most important limitation to this study is the effect of
bias from confounding by treatment indication. Although both
dosage groups had similar baseline demographic and treat-
ment characteristics, it is likely that some infants were treated
with higher dosing because of more severe illness and conse-
quently were more likely to die. We attempted to account for
this limitation by incorporating the propensity for dosage cat-
egory in our analysis, and it is encouraging that this did not
substantially change the point estimate. We used as many vari-
ables as were available to adjust for degree of illness but did
not have access to other important measures (such as blood
gas measurements, sepsis, and treatment with blood transfu-
sions or bicarbonate) that, as surrogate markers for illness se-
verity, could potentially reduce our reported associations. We
also may have missed unmeasured factors related to mortal-
ity. A well-designed randomized trial could mitigate these
sources of bias, but others have reported significant barriers
to enrollment in prospective studies of hydrocortisone
treatment.”* In the absence of greater quality of evidence, neo-
natologists often have relied on cohort studies to identify harm
from medication exposures, most notably with regard to an-
tibiotics and antireflux medications.*** Our data provide no
evidence that higher dosages of hydrocortisone improve sur-
vival compared with lower dosages.

Our study has other limitations. Because of the study design,
these results must be interpreted as hypothesis generating. Drug
and drug dosing data in this dataset are derived from physi-
cian entries and not from pharmacy records. In addition, we
did not calculate the cumulative dosage of hydrocortisone or
duration of treatment, which have been reported in previous
studies of hydrocortisone."”” Cause of death is not collected in
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the data set, and we are only able report short-term out-
comes as we do not have post-NICU outcomes for any of the
infants. Finally, as with all administrative datasets, under-
reporting and inaccurate reporting are possible despite pro-
spective data entry and internal consistency checks.

In summary, we observed an association between mortal-
ity and early higher initial dosage of hydrocortisone in a large
retrospective cohort of infants born premature treated in the
first 14 postnatal days. Our study provides no evidence that
an initial dosage of hydrocortisone of >2 mg/kg/d improves
survival and suggests that this intervention could cause harm.
Based on this study’s findings as well as dosing recommen-
dations by previous analysis and pharmacokinetics," clini-
cians should avoid hydrocortisone dosing >1 mg/kg every 12
hours for infants born extremely preterm. There remains an
urgent need for randomized clinical trials to determine the
optimal dosing strategy for hydrocortisone in this vulnerable
population. H
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Table I. Comparison of baseline and treatment characteristics of infants with and without hydrocortisone exposure
Characteristics No hydrocortisone Hydrocortisone Pvalue
n 63 700 5138
Maternal age, y, median (10th-90th %) 28 (20-37) 28 (19-36) .001
Antenatal steroids, n (%) 51 365 (81) 3899 (76) <.001
Antenatal antibiotics, n (%) 34 145 (54) 2747 (53) .850
Cesarean delivery, n (%) 44 800 (71) 3790 (75) <.001
Multiple gestation, n (%) 15 706 (25) 1250 (24) .614
Outborn, n (%) 10 537 (17) 1217 (24) <.001
Gestational age, wk, median (10th-90th %) 28 (24-30) 25 (23-28) <.001
Birth weight, g, median (10th-90th %) 1060 (650-1510) 705 (510-1140) <.001
Small for gestational age, n (%) 7314 (11) 1002 (20) <.001
One-minute Apgar, median (10th-90th %) 6 (1-8) 3(1-7) <.001
Five-minute Apgar, median (10th-90th %) 8 (5-9) 6 (2-8) <.001
Female, n (%) 30 017 (47) 2192 (43) <.001
Race/ethnicity, n (%) <.001
Asian 1866 (3) 140 (3)
Black 17 680 (28) 1578 (31)
Hispanic 12 103 (19) 948 (18)
Other 4644 (7) 344 (7)
White 27 407 (43) 2128 (41)
Mechanical ventilation on day 0-2, n (%) 36 646 (60) 4638 (95) <.001
Medication use in first 14 postnatal days, n (%)
Surfactant 42 257 (66) 4608 (90) <.001
Dexamethasone 791 (1) 215 (4) <.001
Any vasopressors 9979 (16) 4289 (83) <.001
Dopamine 8821 (14) 4094 (80) <.001
Dobutamine 1301 (2) 1411 (27) <.001
Epinephrine 1955 (3) 1357 (26) <.001
Milrinone 148 (0.2) 171 (3) <.001
Nitric oxide 1243 (2) 928 (18) <.001
Discharge type, n (%) <.001
Alive 50 686 (80) 2650 (52)
Died 4747 (7) 1762 (34)
Transferred 8227 (13) 721 (14) )
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Table II. Comparison of baseline and treatment characteristics of the study cohort with infants that did not have hy-

No dosing data Study cohort Pvalue

n 3711 1427
Maternal age, years, median (10-90th %) 28 (19-36) 27 (19-36) 460
Antenatal Steroids, n (%) 2812 (76) 1086 (76) .856
Antenatal antibiotics, n (%) 1965 (53) 783 (55) 212
Cesarean section, n (%) 2719 (73) 1076 (76) .084
Multiple gestation, n (%) 915 (25) 337 (24) 468
Outborn, n (%) 890 (24) 326 (23) 420
Gestational age, weeks, median (10-90th %) 25 (23-28) 25 (23-28) .857
Birth weight, grams, median (10-90th %) 706 (510-1150) 700 (520-1120) 515
Small for gestational age, n (%) 705 (19) 282 (20) 547
One minute Apgar, median (10-90th %) 3(1-7) 3(1-7) 294
Five minute Apgar, median (10-90th %) 6 (2-8) 6 (2-8) 728
Female, n (%) 1601 (43) 595 (42) 413
Race/ethnicity, n (%) 120

Asian 93 (3) 47 (3)

Black 1163 (31) 415 (29)

Hispanic 719 (19) 228 (16)

Other 264 (7) 82 (6)

White 1472 (40) 655 (46)
Mechanical Ventilation on Day 0-2, n (%) 3337 (90) 1306 (92) .033
Medication use in first 14 postnatal days, n (%)

Surfactant 3316 (89) 1295 (91) 125

Dexamethasone 145 (4) 71 (5 .087

Any vasopressors 3068 (83) 1230 (86) .001

Dopamine 2911 (78) 1191 (83) <.0001

Dobutamine 956 (26) 458 (32) <.0001

Epinephrine 996 (27) 364 (26) 377

Milrinone 120 (3) 52 (4) 435

Nitric Oxide 648 (17) 281 (20) .063
Discharge Type, n (%) .026

Alive 1942 (52) 697 (49)

Died 1244 (34) 529 (37)

Transferred 522 (14) 199 (14) )
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Table V. Infant baseline and medication characteristics by hydrocortisone dosage quartile
Characteristics First quartile Second quartile Third quartile Fourth quartile Pvalue
n (%) 318 (22%) 376 (26%) 387 (27%) 346 (24%)
Maternal age, y, median (10th-90th %) 28 (19-37) 28 (20-37) 27 (19-36) 27 (20-37) .053
Antenatal steroids, n (%) 254 (80) 285 (76) 294 (76) 253 (73) 235
Antenatal antibiotics, n (%) 167 (53) 204 (54) 211 (55) 201 (58) 523
Cesarean delivery, n (%) 241 (76) 294 (78) 282 (73) 259 (75) .283
Multiple gestation, n (%) 77 (24) 88 (23) 98 (25) 74 (21) .646
Outborn, n (%) 85 (27) 82 (22) 83 (21) 76 (22) .251
Gestational age, wk, median (10th-90th %) 25 (23-28) 25 (23-28) 25 (23-28.2) 25 (23-28) 119
Birth weight, g, median (10th-90th %) 717 (550-1100) 680 (500-1040) 700 (510-1150) 710 (510-1160) .168
Small for gestational age, n (%) 60 (19) 72 (19) 77 (20) 73 (21) .951
One-minute Apgar, median (10th-90th %) 3(1-7) 3(1-7) 3(1-7) 3(1-7) 282
Five-minute Apgar, median (10th-90th %) 7 (3-8) 6 (3-8) 6 (2-8) 6 (2-8) .198
Male, n (%) 203 (64) 192 (51) 237 (61) 196 (57) .004
Race/ethnicity, n (%) .783
Asian 14 (4) 13 (3) 11 (3) 9(3)
Black 83 (26) 108 (29) 118 (30) 106 (31)
Hispanic 44 (14) 69 (18) 58 (15) 57 (16)
Other 21 (7) 20 (5) 24 (6) 17 (5)
White 156 (49) 166 (44) 176 (45) 157 (45)
Mechanical ventilation on day 0-2, n (%) 277 (87) 353 (94) 360 (93) 316 (91) 123
Mechanical ventilation on hydrocortisone start day 305 (96) 368 (98) 382 (99) 340 (98) .095
Medication use in first 14 postnatal days, n (%)
Surfactant 289 (91) 341 (91) 348 (90) 317 (92) .888
Dexamethasone 14 (4) 20 (5) 24 (6) 13 (4) 499
Indomethacin 109 (34) 106 (28) 119 (31) 96 (28) 237
Any vasopressors 266 (84) 314 (84) 347 (90) 303 (88) .035
Dopamine 256 (81) 306 (81) 339 (88) 290 (84) 041
Dobutamine 78 (25) 93 (25) 153 (40) 134 (39) <.001
Epinephrine 51 (16) 71 (19) 130 (34) 112 (32) <.001
Milrinone 4 (1) 10 3) 15 (4) 23 (7) .002
Nitric oxide 53 (17) 59 (16) 97 (25) 72 (21) .005 )
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