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Objectives

» Review the various uses and potential benefits of
corticosteroids in the NICU

« Discuss current state of the science regarding
short-term risks and benefits after neonatal
steroid administration

» Summarize the known long-term effects of
neonatal steroids
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Hydrocortisone Hydrocortisone .

* Relative adrenal insufficiency < = T . =f§;
« Mechanisms of action: E ]
* Improves response to catecholamines £ ™ 1\{\ : =::gj

« Decreases catecholamine metabolism o = I - 75

« Upregulates angiotensin receptors Y B W

+ Primary historical concerns: i L e (]
+ Developmental outcomes TR - oM

« Combined with indomethacin . - =M‘

» Wide range of dosing used — o 4 N _"j;;
s oo : e

Scott and Watterberg. Ped Res, 1994; Aoki, et al, Int J Environ Res Public Health, 2022. ° = o mlﬁ:ﬂg “ 100 Peeples, et al. J Perinatol, 2022
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Newborns are not just small children! Conversions oo o o

What we're Gusere. ronses

pedtatics 1959)23 (1:3-5.

actually itps/1doi g/ 10.15420peds 2313

iving
ghing “It becomes difficult to construct postulates relating their action to
cutaneous size. Very few drugs are excreted in appreciable
amounts through the skin...

to-Body Mass Ratio

HE Wt ‘
(em) (kg) BSA|mg/m
NB 27wk 345 0.92 0.09|3.6mg

TR R }176_24",’“1 “The objection is that the use of the rule tends to endow the
10years 140 34 1.16]34mg surface of the body with properties and functions which it may well
/ not possess.
What endo “Should the pediatrician bow once more to expediency or insist
thinks we're that each new advance in the field be based on a sound scientific
giving foundation and acceptable theory?”
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Neonatal Hydrocortisone Articles Indexed in PubMed
MEDICAL
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Pubmed :

o Hydrocortisone Dosing for Hypotension in Newborn Infants: Less Is More
Kt L Watterberg, WD

w Give 3 test dose of 1 mg/kg

- Less is more,. e
Un|esS it‘s i wwzmnzfé?muvs

\\i 1/ [ ! !

~ No further dosing <34 weeks 234 weeks

il HHH] |
Il . — el 9 9

No rise in blood pressure
after 24 hours

amyg mmgm2
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Hydrocortisone

Mean Blood Pressure
By HC Dos:

Avg Pressor Dose (mgkghin) &

Mean Arterial Pressure (mm Hg) ©

Vasoactive Burden
By HC Dose

Table 2. Comparison of demographics and outcomes between ow-
dose (110 3mo kg~ per day) and highdose (4 mg kg per day) HC

SABOISALE PP

SAFC ISP PP

groups
1-3mgkg”’ 4mgkg”'  Pvalue
porday 0200 per doy (=50
m e | mme  om
Gestaonal age, weeks 521 S5 o
it weght @asin asstss  omo
Prenata seros To@o s oss
e of s HC dose, 1352100 S0 asns
s
Dutation of e wasan waews  ome
therapy s
[Eperenon F1E) Voo ooma]
[r— s @00 @0 ons
o 00 Tso oo
Deatn saso) suse  oser

mean 15 and compared by two-aled « st Cotegorial variabes e
descibed 35 (%) and compared g ' analyss

<1 12 23 34 >4
mglkg/d | mgikg/d | mgikgid | mglkgid | mgikgid

5(25.0%)

11.(23.9%)

T(152%)  7(318%) 6 (40.0%)

Peeples. J Peri, 2017; Peeples, et al. J Peri, 2022
UNIVERSITY OF NEBRASKA MEDICAL CENTER | CHILDREN'S NEBRASKA

PROGRESS Decision made to treat with hydrocortisone

Hydrocortisone Dosing for Hypotension in Newborn Infants: Less Is More
Give  test dose of 1 m/ke.

Suggest
Less is more,,, | corisal level — T |
4" | andconsider | |l s
\l\lnless ifs no further I
I 1/ doses if v
~ clevated Nofurther dosing ‘\‘Nwreks ] 234 weeks |

Dose at 0.5mg/kg
every 12 hours*

Dose at 0.5mg/kg
every 6 - 8 hours*

//, \~

-

Monitor cardiovascular status
and modify as needed”

eeS————.
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Hydrocortisone

Table 3. Comparison of demographics and outcomes by
- sisanBivod Feasum d Gaaoaciia Bunion pre-trestment cortisollevel in infants wh received hydrocortisone
) Corsol T o Cortl therapy

£ fa = =

£ £ <ismegdl ~Tsmegd! Pualue
H B s ) =10

£w H

2 = Prenatal steroids 43 (89.6) 8(800) 0716
H K Hypartengon 5189 3600 oesm
T 5 s

H g Hyperglycemia 23 (47.9) 9(900) 0015
H £ nsulin 2@ 8(800) 0027
H g0

sk snasassenronit S sraaasaanannd [0 4(85) 5 (500) o001

Variables are described as n (%) and compared using x* analysis

Peeples. J Peri, 2017
UNIVERSITY OF NEBRASKA MEDICAL CENTER | CHILDREN'S NEBRASKA.

he Hard Stuff

Dexamethasone, Predinsolone, etc

University of Nebraska
Medical Center

Chil

NEBRASKA
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r N
Table V. Multivariate logistic regression model for the
association between cortisol serum concentration
(z score, 1 SD) and specific adverse neonatal outcomes
in infants treated by early hydrocortisone or placebo

Hydrocortisone Placebo
(n = 145) (n=163) .
SAEs a0R [95% CI]* Pvalue aOR [95% CI]* P value 889 nmol/L
Grade 3-4 IVH 1.82 [1.06; 3.15] .03 | 0.86[0.47;1.55] .61 =
Spontaneous 481 [134:17.22] .02 | 135[057:321] .50 32 ug/dL
intestinal
rforation

Severe late-onset 1.06 [0.72; 1.55] .78
sepsis

107[071;161] 74

J
*Adjusted for multiple gestation, antenatal steroids, early onset sepsis, peridural analgesia, and
gestational hypertension. Renolleau, et al. J Podiatr. 2021

ST 0

Prolonged Respiratory Support

R —
™
I—....
s a1 w am o sw ow omw

Duration of any respiratory support (days)

3

Percent
B 8 &8 8 8

B3
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DART

+  Dexamethasone is a potent anti-inflammatory agent
*  Dexamethasone: A Randomized Trial (DART)

*  Single course to aid in extubation

Placebo - - - - Dexamethasone

¢ 35treated infants

@
E-| 0.
-
<3
§ =0
2%
oot 22wttt £3
e
» 63 st dockrs decion 570
> 51 o o £

7 26 infant 0o sick., given steoids
> 2 ot approached. no reason given

0 2 4
Day of treatment

DART

* Dosing:
¢ 0.15 mg/kg/day, divided BID x3 days
¢ 0.1 mg/kg/day, divided BID x3 days
¢ 0.05 mg/kg/day, divided BID x2 days
¢ 0.02 mg/kg/day, divided BID x2 days

Doyle, et al. Pediatrics, 2006

| 11T OF GRS DAL TR T SRV

Conversions

Glucocorticoid Equivalents

(Relative to 1 mg/kg/d hydrocortisone)

Glucocorticoid _Mineralocorticoid |

Cortisol 1 1
(hycrocortisone)

Prechisclone 4 [
Dexamethasone E) Neglgible
Betamethasone 30 Neglgible
Aldcsterone o B
Fludrocortisone 125

—

-
UNIVERSITY OF NEBRASKR MEDICAL CENTER | CHILDREN'S NEBRASKA.
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Early (<7d) Dexamethasone

BPD @ 36 wks
Death or BPD
Failure to Extubate (3d)

0.72[0.63,0.82] ¢4
0.88[0.81, 0.95]

0.73[0.62,, 0.86] -

Failure to Extubate (7d) 0.71[0.61, 0.84] o
Failure to Extubate (14d) ~ 0.77[0.62,0.7] <o
PDA 0.76 [0.69 , 0.84] ’
ROP 0.75[0.59, 0.95]
b + ) + |
0.01 0.1 il 10 100

Favours steroid Favours control

Doyle, et al. Cochrane, 2021

ST 0
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NO! | -
1 don’t \

\ IV
USE Yy

bt thanks for asking

ssS————————

Early Dexamethasone

1.35[1.21, 1.49]
1.84[153,2.21]
433[1.40,13.37]

Hyperglycemia
Hypertension
Cardiac Hypertrophy
6.67(227,19.62]
187 [1.35, 2.58]
2.05[1.21,3.47]
1.77[1.21,2.58]
136 [1.05, 1.77]

Growth Failure

GI Bleeding

GI Perforation

Cerebral Palsy
Neurosensory Disability

)

001 01 i 0 100
Favours steroid Favours control

Doyle, et al. Cochrane, 2021

E——————.
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bt thanks for asking

ad

eeee——————.
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BPD @ 36 wks

Death or BPD

Failure to Extubate (3d)
Failure to Extubate (7d)
Failure to Extubate (14d)
Home on Oxygen

Late (>7d) Dexamethasone

0.76 [0.66 , 0.87]
0.75[0.67,0.84]
0.76 [0.69 , 0.84]
0.66 [0.60, 0.73]
0.63 [0.45 , 0.90]
0.71[0.54, 0.94]

| X eadd

et

001 01
Favours steroid

10 100
Favours control

Doyle, et al. Cochrane, 2021

eeS————.
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Late Dexamethasone

Hyperglycemia
Hypertension
Cardiac Hypertrophy
GI Bleeding

GI Perforation
Cerebral Palsy

Neurosensory Disability

1.53[1.26,, 1.85]
245(1.48, 4.06]
2.76[1.33,5.74]
1.38(0.99, 1.93]
0.360.02, 8.05]
112079, 1.60]
1.17[0.85, 1.60]

oo

001 01
Favours steroid

10 100
Favours control

Doyle, et al. Cochrane, 2021

NO!

1 don’t

STEROIDS

bt thanks for asking

Late Dexamethasone

&

ad

UNIVERSITY OF NEBRASKA MEDICAL CENTER | CHILDREN'S NEBRASKA
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S
«=Favors CS |Favors controls=> g

Effect on death or CP (RD, %)
=

N
3

°

Rate of BPD in control group (%)

Doyle, etal. J Peds. 2014

s———————

Risk Modification

725\ NEONATAL RESEARCH oo
@ ‘NN

Asour nETWORKCENTERS eS| MEMBER LOGAY

Neonatal BPD Outcoms Estimator(2022)
Intans i GA 23.28 weexs & Birh Weght 50112509

Posinata Day 0

Gesttonal Age (ecks) 2

Bt Weght (Grams) 60

son Maio

™ e

Surgeat Nacrotzng Enteocole NA

Respiatory Suppor Type HEV pigh foquoncy ventiaton)

Fo2 s

Probabitty o Outcome
(oxprossed as & percam)

Grado Grado2 Grado 1 No
Deatn BP0 BPD BP0 BP0
st 126 aur 208 19
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Adjusted BSID-III Cognitive, Motor, and L

Days of Dexamethasone Exposure

Days of Expo

Model  Cumulative dose BSID-III subscore
Cognitive Motor

No.  Median (IQR), mg/kg No.  AMD(9S%CD  Pvalie No.
Model 3¢
None 570 NA 485 O[Reference] NA 474
<3 43 1108117 30 20(-83042) 52 29
47 57 08(061020) a1 02(421047) 2 4
714 90 11091015 7 07(52037) 75 B
>4 48 31201050 57 ~46(-931002) 06

Language
AMD (5% C)  Pralue No.
0 [Reference] NA 473
S2¢119016) 3 30
SL0ES6w036) 67 46
07501035 74 71

AMD (95% C1)

0 [Reference]

11(401062)
13(-381063)

P value

NA

-32(-1051040) 38

68
62
03

Puia-Dumitrescu, et al. JAMA Network Open, 2022

e e e

31

32

Dexamethasone Courses

Table 4

and
years of corrected age.

and supportive therapies at two

Total (1= DART-1(n  DART2(n  p
136) = 96) 0)

Cercbral palsy, n (%) 18(13.2)  9(9.4) 9(22.5) 0.046"
Bilateral spasticity, n (%) 14 (10.3) 7 (7.3) 7017.5) 0.083°
Unilateral spasticity, n (%) 3 (2.2) 2(21) 1(2.5) 0.999"
Functional motor class

Level 1, n (%) 122(89.7) 90(93.8)  32(80.0)  0.049"

Level 2, n (%) 12(8.8) 1(4.2) 8(20.0) 0.0005"

Level 3,1 (%) 0 0 0 =

Level 4, n (%) 10.7) 1(1.0) 0 0.985"

Level 5, (%) 10.7) 1(1.0) 0 0.985°
Bilateral visual deficit, n 12(8.8) 5(5.2) 7(17.5) 0.024°

(%)

cha, etal. Early Hum Dev, 2024

Ro
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Timing

A: Severe BPD among survivors to 36 weeks PMA

B: Death prior to 36 weeks PMA or severs BPD

SgpuSid  OucmeRaes  Adussd OR AmeiOR  MgoaSesd  Ouiamsdmes  Adjeied O st o
e patio) Lt L] Fiaon e ool e
[T ey —— TsomLE ez e I —— T
emcagisTe 8 851 - TSOF2 WS HEET) — iensem
eskagzase  sates s Relosnce Weska @2z ST . Ratuencs
T S Wekspads a0 —— g
ook @455 104131 (57 e D07 ek aany e —e— 50072
(e T2 o i WekeeEaa e e T memen)
=5 s 1oy e WesksD(ede AT (0% JRE A
C: NI among survivors to follow-up. D: Desth prior to follow-up or NDI

Uracuisd Unidicos
ApoaSii  OumoRas  AdusdOR GsR1OR  AgatSwod Owcoms e Ay OR At O
ekonen e e fo o i e e
Frozmra  maner T memem wezee e e
[oscagiszin s —el— e wekansot i ) — 14208670
T e T T T S T
Wessgass e —le— L8222 Wekspesss Sy —— 1028170
ook 67 364081 8128 008y e ooy veoTges s ) e ek osa220)
w530 251 @7 Lo imomsi  wessesw swosgsn e 12
Vescaes Mm@ e ROE0 VesksoeiE 2061 %) e impsen

Harmon, et al. J Pori, 2020
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HydrocortisOrne

Bronchopulmonary Dysplasia

University of Nebraska
Medical Center

Childrens

NEBRASKA
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Early Hydrocortisone

* EPT infants have immature HPA axis
¢ Results in low baseline cortisol

* BPD=bad

e 4 RCTs enrolling ~1,000 infants

* Early low dose hydrocortisone

improves BPD-free survival

Bagnoli, et al. J Perinatology. 2013 Shaffer, et al. J Peds. 2019

PREMILOG

Table VL. Subgroup analyses of

used o define the subgroup

ry outcome and
other slected outcomes adjusted for sex, gestational age,
‘and any antenatal steroids unless the adjustment factor

Outcams
Sl 03 wh TP
e

140

— o 52
Gestatonal a0 26 Wk I
> S 20k 152
Nocnonamnnts a0
> Croncamnriis 200
Ot o dctre
on
05
Gestatonal a0 <26 Wk o
e Gestitona age 26wk 035
Nochonamnnts on
> Croncamnonts 08
Lite onsetsepse
e 1
e 1z
- Gosttona a0 260k T80
Gestatoal a0 326 wk 14
Nochunamnnts 156
Crancaranite 91
Spunancov gtriestral eforsion
o ndameinacn 152
—tp idematracn a3

=T

ogr202

02308

096205

73315
2024340

Pt
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Prophylactlc Hydrocortlsone

Table IV. Results of i dysis of all ji tational d any an-
tenatal steroids

ORorMean  95%Clof OR or
Outcomes Hydrocortisone. Placebo Difference __ Mean Difference _PValue

IRIET) )

P T Y

250/484 (533 225/4% (45.5) &5
/84 (16 SB/A%5 (198 076

ks BE/ABS (17

Death before G =‘
Weight at 3wk PUA. g,
eadcomereoe 3.3 w, o, mean

T12/497 22 070
20T (=379
309 (0=337) 019

20% (= 390
31.0 (n=346)

%002 12

Respiatory s
ays of ventiation, mean 063 72810601 8
Days of CPAR mean 012 578105 97
Days of oxygen, mean Tin= - 221 217 2070773 67
en at discharge, VN (%) 73401 (18.2) 751386 (19.4) 0% 064-1.33 8
s @a 2y ies 050

Operitelsoradus N (4
N %)

31485 639

znms a1

mmaummnﬂmm o o o) 0
ot

Sugaiaton uN % 68485 (140) a7 61 080 056-1.14 2
221485 2201 02 055163

Late-onset seps’s acteriafungal. vl T T i i) T0T.75 057

Cystic UL, (%) 22147 (492 250459 (5.45) 089 049160 8

Severe AOP N (%) 50458 (109) 54467 (11.6) 032 059145 7

NNT 13

NNT 14
NNT 20

NNW 13

NNH 24
NNH 15

Shaffer, etal. J Peds, 2019
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Prophylactic Hydrocortisone Outcomes
T ST

Hydrocortsone  Placebo Fullscae QScore (n=83)
(ne25s) (r=266)
Randomizaton was stratfed by center
Siggest recritng conter

Inperson asessment

PREMILOC Trial

Full-scale IQ > 90 and treatment group,
adjusted on potential confounding variables
Mean full-scale 1Q score at 5 years of age S i i

Mean difference, 5.7 (95% C1, ~1.01 to 12.33); p=0.10
919 koot
- 86.3

Essss3e8E

Hydrocortsone Placebo Trousson, et al. DMCN, 2022

e e e

Prednisolo

BPD (??)

J?

©

NEBRASKA

39

oids

iversity of Nebraska G
dical Center” ‘ Chll

©-
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Late Hydrocortisone

* 3 Studies = 1,235 Infants

* No apparent benefit for survival without BPD
* No difference in neurodevelopment at 2 years
* 5 year outcomes to be published soon

Parikh, et al. J Peds, 2013
Parikn, et al. PLoS One, 2015
Onland, et al. JAMA, 2019

Watterberg, et al. NEJM, 2022

eeS————.
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Prednisolone

* Todate, no RCTs in neonates with BPD - gae
* 2 retrospective studies s %.’“
12 22
*  Bhandari (2008) built model to predict T — T
Py ea‘“‘@"\" 5
+ response 4
+ Linafelter (2019) . L
L3 B+
H 8
*  Single center £ i,
fos H Lo
LT 3s ]
+  43infants i }\‘%—H }\‘}_‘\f\{
« Avgstart 42.5 weeks CGA S S

Bhandari, et al. Pediatrics, 2008
Linafelter, et al. Early Hum Dev, 2019

ST 0

NEUROSIS Study

* 863 infants 23-28 weeks GA
* Budesonide vs. placebo DOLO to 32 wks
* Death or BPD at 36 weeks:

*  40% tx vs 46% placebo (p=0.05)

* Death 17% vs 14%

e “BPD was lower... but at the expense of increased
mortality”
Basslr, et ol NEUH, 2015

E——————.
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NEUROSIS Study

¢ 1059 infants <28 weeks GA
¢ Budesonide+surfactant vs. placebo
* Survival without BPD:

*  26% tx vs 23% placebo

* Death 17% vs 19%

¢ “Early intratracheal budesonide may have little to
no effect on survival free BPD”

Manley, et al. JAMA, 2024

eeee——————.
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Drug, Route, and  Death or BPD Death at the

BPD at 36 Death or Cerobral
Timing of at 36 Weeks’ 5 Last Reported "

pae 2 Weeks' PMA A Cerobral Palsy Palsy
Systemic

<7 days of age (33)
ossosross) orzossosy 102001l (11801 1ss(i3n2el

Dexamethasone 17 i, n=5791 15 trials, n=1948 20 trials, n=2040 7 rals, n=921

090(082.099) 080 (0.76-1.02¢ 080 (0.65:0.99) 0.86(0.71-1.05) 1.01 (u 651 ssr

Hydrocorisone g yials, n=1376  © tials, n=1145 11 trials, n=1433 6 trials, n=1052 6 trials, n=742

27 days of age (34)52)

075(067084) 080 (069093 085(066-111) 095 (0.77-116) 1.14 (0.751.747

121ials, n=553 7 trials,n=278  10tils,n=093 15 trials, n=855 15 trias, n=591

097(092-102) 0.98(0.92-1.04)° 0.83(0.64-1.06) 0.95(0.75-1.19) 1.25 (0.85-1.83F
3trials, n=1235  3trials, n=1099  3trials, n=1235  3trials, n=1184 3 trals, n=951

Dexamethasone

Hydrocortisone®

Inhaled
524 hours of age (62)(63)

086(0.75-1.00) 0.74 (0.60-091)* 1.37 (1.01-1.86)
1trial,n=865  1tial,n=726 1 trial, n=813

<14 days of age (1)(61)

086(0.75-099) 0.76(0.62-092)° 1.36(1.02-1.81) 1.26(1.00-1.58) 1.05 (0.67-1.65)
6rials, n=1285 6 trials, n=1285  trials, n=1127  3trials, n=1127 3 trals, n=1127

1.18 (0.67-2.07)

Budesonide 1 trial, n=670

Not reported

Variable

Intratracheal
<8 days of age (64)

059(0.50-0.70) 0,64 (0.55-0.74)° 0,63 (0.43-0.93)

Budesonide 6trials,n=771  12trials, n=1377 6 trals, n=771

Notreported” Nt reported?

n & Watterberg. Neoreviews. 2023

sen
[ e R
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Conclusions
AAP COFN (Cummings, et al. Pediatrics, 149(6))

* Routine use of steroids cannot be recommended

« Decision should be individualized and made together with parents

« |If give, low dose for a short, predefined duration (e.g. extubations) is
recommended

* If no clinical response within 72 hours, continuation not recommended

* High-dose steroids not recommended to prevent or treat CLD

* Indomethacin should not be used concurrently with steroids

ST 00 e
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Conclusions
Late (>7d)

* No clear role for hydrocortisone
« Consider single course of DART at 3-4 wks (15-28d) of life for extubations
* Consider infant’s risk of BPD (>40%?)
« If additional course needed:
* Consider shorter course (3-5 days)
* Counseling with family
* Reserve for extubation (i.e. not non-invasive ventilation)

¢ Unknown pred/methylpred benefits/risks (specifically ND outcomes)

s———————
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Conclusions
Early (<7d)

* Avoid dexamethasone
¢ PREMILOC likely improves BPD and mortality
« Avoid concurrent NSAID use (especially if SGA, other high-risk)
* ?baseline cortisol?
« Use with care if <26 weeks due to increased sepsis risk
* Possible increased mortality with budesonide alone

* Budesonide+surfactant shown inconsistent results, awaiting NRN BiB study

ST 0
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