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When caring for infants born at 22 to 23 weeks gestation:
1) Identify the importance of differences in culture and philosophy
2) Examine the need for differences in management strategies

3) Describe how to balance competing outcomes in a proactive and
standardized manner



Apollo 11: July 20, 1969
Landing on the Moon
Hard, Difficult and “Impossible”




Survival of Inborn “Periviable Premature” Infants Born at 22 to 24 weeks
GA with a Proactive, Standardized, and Balance Approach (2006-2022)

Weeks 2 @ E

Survival 60% 77% 85%

Number of live 79 124 126

born infants
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64% survival at 22 weeks for NICU admissions (73 admissions with 47 survivors)

2" Year
Birthday

Twin IVF Pregnancy:
Twin A NSVD. Twin B
born 4 days later NSVD.

Twin A 22 3/7 wks,
BW 485g AGA 39%

Twin B 23 0/7 wks,
BW 630g AGA 87%



Foundations of Mission Control 1]

Achieve through Excellence

Competence: There being no substitute for total
preparation and complete dedication, for space (or the
NICU) will not tolerate the careless or indifferent.

Teamwork: Respecting and utilizing the ability of others,
realizing that we work toward a common goal, for success
depends on the efforts of all.

“To recognize that the greatest error is not to have tried and
failed, but that in trying, we did not give it our best effort.”

Gene Kranz, NASA Flight Director

1) Failure is not an option, Gene Kranz, Berkley Books, New York, 2000, p.393.



“Small Baby” System
Dedicated, Integrated, Standardized Structure and Culture for

Extremely Premature Infants [!
“The System is the Star”

Separate Dedicated Unit of 14 Beds - Bay 1

v' Allinfants < 29 weeks are admitted here as well as the most critically ill term
infants (NCCU-Neonatal Critical Care Unit)

Separate Nursing Staff

Separate location Integrated with L&D

Separate Critical Care Lab just for the NICU
Separate Medical Team for just these 12-14 patients

NN X X

> Separate Attending Service (“Neonatal Intensivists™), Fellow, NNP, Residents,
Dietician, Pharmacist, Respiratory Therapist

1) Care from Birth to Discharge of Infants Born at 22 to 23 Weeks' Gestation. Crit Care Nurs Clin North Am. 2024 Mar;36(1):23-33. doi 10.1016/j.cnc.2023.08.007. John M Dagle,
Stephen K Hunter, Tarah T Colaizy, Steve J McElroy, Heidi M Harmon , Patrick ] McNamara, and Jonathan M Klein



Structure: NICU 84 rooms with__ 8 beds
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Exposure to Antenatal Steroids and given Postnatal Life Support

significantly increases survival at 22 weeks gestation by how much?
Ehret D et al, JAMA Network Open.2018,1(6)el83235

1) 0% (not effective)

2)

3) By 30%

4)
)

5) By 100% (Doubles survival)
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Difference: Begin at the Beginning

Antenatal Steroids are Critical
Interdisciplinary Teamwork with Maternal Fetal Medicine Service is Key

* ANS at 22 — 25 weeks gestation:

v" Reduces severe morbidities including IVH and the incidence of NDI at 18 to 22 months
and significantly increases survival:

v 18% to 39% at 22 weeks gestationl®]
v’ 36% to 54% at 22-23 weeks gestationl”]

1. Carlo W, McDonald S, Fanaroff A, et al. Association of antenatal corticosteroids with mortality and neurodevelopmental outcomes among infants born
at 22 to 25 weeks gestation. JAMA. 2011,;306(21):2348-2358.

2. Mori R, Kusuda S, Fujimura M. Antenatal corticosteroids promote survival of extremely preterm infants born at 22 to 23 weeks of gestation. J Pediatr.
2011;159(1):110-114.

3. Park CK, Isayama T and McDonald SD. Antenatal Corticosteroid Therapy Before 24 Weeks of Gestation; A Systematic Review and Meta-analysis. Obstet
Gynecol 2016;127:715-25.

4. Wei JC, Catalano R, Profit J, et al. Impact of antenatal steroids on intraventricular hemorrhage in very-low-birth weight infants. Journal of Perinatology
2016 ;36, 352-356.

5. Deshmukh M and Patole S. Antenatal corticosteroids in impending preterm deliveries before 25 weeks’ gestation. Arch Dis Child Fetal Neonatal Ed
2018;103:F173-176.

6. Ehret D, Edwards E, Greenberg L, et al. Association of antenatal steroid exposure with survival among infants receiving postnatal life support at 22 to 25
weeks’ gestation. JAMA Network Open. 2018;1(16):e183235.

7. Chawla S, Wyckoff MH, Rysavy MA, et al. Association of antenatal steroid exposure at 21 to 22 weeks of gestation with neonatal survival and survival
without morbidities. JAMA Network Open. 2022;5(9):e2233331.

> If everyone “already knows” that ANS therapy, at = 24 weeks, improves lung maturity and reduces RDS, NEC, severe

IVH and mortality ... so



Antenatal Steroids - Inborn
All VLBW Infants (22 to 33 weeks EGA) 2006-2021

D Iowa = VON
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2021 All VLBW Infants: lowa 98.5% vs VON NICU Type C 89.1%

Infants delivered at 22-23 weeks gestation antenatal steroid use was 91% (2006-2015
lowa Inborn cohort) (watkins PL, et al. J Pedianr: 2020;217:52-8]

Updated Guidance Regarding Antenatal Corticosteroid Administration for Threatened
and Imminent Periviable Birth by Best Estimate of Gestational Age [

ACOG Updated 20 0/7 weeks to 22 0/7 weeks to 23 0/7 weeks to 24 0/7 weeks to 24
9/2021 21 6/7 weeks 22 6/7 weeks 23 6/7 weeks 6/7 weeks

Antenatal Not
Corticosteroids recommended Consider Consider Recommended

1. https://www.acog.org/clinical/clinical-quidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation



https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation
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		GA Week		%		%

				Iowa		VON

		2006		94.50%		81.50%

		2007		96.20%		80.40%

		2008		92.90%		81.10%

		2009		91.80%		83.80%

		2010		98.50%		83.90%

		2011		95.30%		84.90%

		2012		94.40%		86.10%

		2013		94.10%		86.70%

		2014		96.60%		87.10%

		2015		95.00%		88.00%

		2016		92.60%		89.50%

		2017		98.50%		89.60%

		2018		97.90%		90.90%

		2019		97.50%		90.70%

		2020		98.30%		90.70%

		2021		98.50%		89.10%
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Balanced Approach to Delivery Room Resuscitation for Infants Born at 22 to 23 Weeks Gestation

- Initiate resuscitation with 50% oxygen and titrate per goals to minimize hypoxia and hyperoxia
= Mortality < 28 weeks: When resuscitated with RA was 22% vs 6% with 100% O, !l

University of lowa

= Childrenre NICU Delivery Room

£ Hospital NRP Oximeter
.+ Intubate with 2.0 ETT for 22 weeks GA, 2.0/2.5 for 23 weeks GAL! st BR P o
= At birth: Invasive compared to noninvasive respiratory support in the delivery room 1 minute sgagwr%?"
reduces severe IVH and death at 22 to 23 weeks gestation (OR 2.20, Cl, 1.07-4.51) 4 3 minutes - 1o%
- ETT depth 5.5-6.0 cm at the lip. O minuis T

 Transfer to NICU with gentle bagging focused on heart rate and saturations via ETT using a

PEEP of 5 cm. (SAIL Trial: significant increase in early death in the sustained inflation group 7.4% vs 1.4%
in the controls with 11/16 SAIL deaths occurring in the “23- to 24-week stratum”) [

« Start within 10 minutes of life on 1st Intention HFJV

Not reaching > 80% by 5 minutes is associated
with greater risk of death/major NDD by 2 years!3!

« Surfactant given within 10 minutes after initial chest radiograph

« Minimize Hypothermia during resuscitation: Plastic wrap (polyethylene blanket and hat), delivery room temp 25°C, trans-
warmer mattress for transport

1) OeiJL, Saugstad OD, Lui K, et al. Targeted Oxygen in the Resuscitation of Preterm Infants, a Randomized Clinical Trial. Pediatrics. 2017;
139(1):e20161452

2) Berger J et al, Survival and short-term respiratory outcomes of < 750g infants initially intubated with 2.0mm vs 2.5mm endotracheal tubes, J Perinatol
42,202, 2022

3) OeiJL et al. Neurodevelopmental outcomes of preterm infants after randomization to initial resuscitation with lower or higher initial oxygen levels. An
individual patient meta-analysis. Arch Dis Child Fetal Neo Ed 2022.

4) Shukla VWV et al, Hospital and Neurodevelopmental Outcomes in Nano-Preterm Infants Receiving Invasive vs Noninvasive Ventilation at Birth, JAMA
Network Open 2022;5(8):e2229105

5) Kirpalani H et al. Effect of Sustained Inflations vs Intermittent Positive Pressure Ventilation on Bronchopulmonary Dysplasia or Death Among Extremely
Preterm Infants The SAIL Randomized Clinical Trial, JAMA 2019;321(12):1165-117




2.0-mm (n=69) compared to 2.5-mm ETT (n=75)

Use of 2.0-mm ETT in Patients < 750 g on HFJV [l

2.0 ETT patients were more premature median GA 23 vs 24 weeks and smaller median birth weight 545 vs
648 grams (smallest 2.0 ETT patient was 279 grams vs 463 grams for the 2.5)

2.0 ETT patients require significantly higher Jet PIP: 27 vs 22 cm H,O to achieve a similar pCO, at both day
of life 1 and 7

Upsizing of the ETT was more frequent (56% vs 12%) in the 2.0 group but no significant difference in the
median age (27 vs 24 days)

Importantly, no difficulty in maintaining effective ventilation and oxygenation with a 2.0 ETT on HFJV

Overall survival was 77% of patients initially intubated with a 2.0-mm ETT (median BW 545 grams
and GA 23 weeks), so the need for a 2.0 ETT is not a marker of viability

2.0 ETT also used successfully in Sweden, Japan and Cologne Germany (CV & HFOV) [4]

1) Berger J et al, Survival and short-term respiratory outcomes of < 750g infants initially intubated with 2.0mm vs 2.5mm endotracheal
tubes. J Perinatol 42:202-208, 2022.

2) Rysavy et al, Use of 2.0-mm endotracheal tubes for periviable infants. J Perinatol 42:1275-1276, 2022.

o University of lowa
. ti Stead Family
L84 Children’s Hospital




Golden Hour Guide - NICU

In the NICU

Delivery room Birth 1) Plastic wrap on hed = 30 wks GA
temperature is set 2) Initiate NRP, ETT if needed

Standardization of Care

Show baby to mom

Golden Hour Protocol

h

Take card | Transport to NICU
with photo to
maom - LIP ¢
NICU admission
Gold card ;
Gol H G Is: Photo of infant's face Heelstick ie;%h;d glucose
olden Hour Goals: —F |
INTUBATED LIF'“_
1 ) Adm|SS|On tem peratu re 2 360 1) ETT present or No 2) IV access o J)UAC
intubation needed (PIV or UVC) o (if needed)
H Yes
2) Surfactant glven ¢ Line placement
COrder CXR # can begin while » Blood culture |
¢ awaiting X-ray
3) Dextrose infusion started ¥ ‘
Surfactant Dextrose bolus .| Order X-ray for
as needed "] line placement
4) Antibiotics started ACIVC s ang
Ampicillin can be given if
. . . . line confirmation is delayed
5) Communication post-delivery with mom
L r L
Dextrose infusion Ampicillin Gentamicin and
started » by slow push » NVN started after
line confirmation
Golden Hour Goals: 1) Admission temperature = 36.0

2) Surfactant given, if ordered
3) Dexfirose infusion started
4) Anfibiofics started
5) Communication post-delivery with mom - Gold card given
s2A2 ¥4 University of lowa
3| Stead Family

Children’s Hospital




In the NICU Standardization of Care: Computerized Physician Order Entry

> Order Sets

Ei Order Sets

Ef Order Sets

Suggestions &

[JBLD:NICU - Blood Products

[IMICU - Acute Lab Panels

[CINICU - Admission

[IMICU - AKI Protocal

[ImMICU - Antibiotics

[CIMICU - Antivirals

[IMICU - Cardiac Medications and Infusions
[IMICU - CCHD

[CIMICU - Circumcision

[IMICU - Continuous Drips

[[INICU - Cooling/Total Body

[IMICU - COVID Vaccination

[IMICU - Custom IV Infusions/Boluses

[[INICU - Discharge Orders

[IMICU - Diuretics

[JMICU - Double Volume Exchange Transfusion
[IMICU - ECMQ Daily Management

[IMICU - ECMO Daily Management Labs Reorder
[IMICU - ECMQO Initiation

[IMICU - Endocrine

[IMICU - Extreme SGA Term Infant (<1900 gram)
[ImNIcy - Gl

[ImMICY - Glucose Protocal

[(IMICU - Heparin Line Orders

[IMICU - Hypertension Work-up

[IMICU - Immunizations

[CIMICU - Intubation Premedication

[CIMICU - IV Infiltrates

[IMICU - Level & Admission

CIMICU - Liver Function Tests

[INICU - Lumbar Puncture

[CIMICU - NAS Screening

CIMICU - NEC

[JMICU - Meonatal Abstinance Syndrome Orders
CIMICU - Neurology

[IMICU - Newborn Disorder of Sexual Differentiation Consults
[IMNICU - NVN and LIPIDS Orders

CIMICU - Pain / Sedation Medications and Infusions
[JMICU - PDA Bedside Ligation/Cardiac Catherization Closure
[CIMICU - Phototherapy

CIMICU - PICC Insertion

CIMICU - PICC/UVC Removal

[CIMICU - Post Operative Pain Management
CIMNICU - Procedural Pain and Sedation (Bedside)
[JMICU - Residual Management

[CIMICU - Respiratory Medications

[JMICU - Respiratory Orders

[IMICU - ROP Procedures

CIMICU - Routine Weekly Labs

CIMIcU - sCID

CIMICU - Seizure Medications

CIMICU - Sepsis

[JMICU - Support Services

CIMICU - Surfactant

[IMICU - Torch Labs

74 University of lowa
Stead Family
Children’s Hospital

@A



Standardization of Care: Medical Respiratory Issues

1)  Admission Order Set

|l caffeine citrate injection

[ vitamin A injection (=1001g infants)
5,000 Unitz, Intramuscular, Every Mon/\Wed/Fri, for 12 doses

2) Caffeine for BPD Prevention
« All patients < 1250 grams; Schmidt B, (NEJM 2006, 2007), OR 0.63, Cl: 0.52, 0.76, p<0.001
3) Vitamin A for BPD Prevention
» All patients < 1001 grams; Tyson JE, (NEJM 1999), [RR 0.87 (0.77, 0.98)], Use a 29/30-gauge needle




In the NICU: Standardization of Care — Paper Guidelines

> Neonatal Reference Card

* Fellow Card - Original author Dan Elisbury M.D. during Fellowship

- Topics:
* Initial Fluids
 Transfusion Guidelines
» Phototherapy Guidelines for Premature Infants

¢ Ventilation Goals

* Initial Respiratory Settings: HFOV, HFJV, SIMV (PC/PS), SIMV (PRVC/PS), Nasal CPAP, NP-IMV,
Noninvasive NAVA, etc...

* Qutcome Data

* Feeding Guidelines
 Antibiotic Dosing Guidelines
« Cardiac Medications

* Respiratory Medications

* And so forth




NEONATAL REFERENCE CARD
Updsted July 2014 BY Rabe/Klein

Bay1 Staff #5791 Bay1RT #8447
Bay 1 Fellow Bay | Fax 3536084
Bay 1 PL-2Mole Bay 5 PNP #7785

Bay 2/2 NP/On-Call

NSY PL-
Transfer pager
To set up a ransport: D.spam. 22B08/{300) 2726440
Transport RN Pager #3210

Lounge code 4513
Office Xerox 2484

INITIAL FLUIDS
GA

Total Fluids
ik

34

i D100.2NS
0
8 DuW*
7
3]
5 DWW
T

prE]

%]
1D may be required wiStarter NV, & give 5% mghgiin
glucose

UVC fluids.
Starter NVIN (D10, 5% AA) for Infants < 30 weeks GA
$27wk run 3t 30 mikglday (1.5 gkgld proten, g 2.1
— 20 wk run at 60 mikgiday (3 gikgid AA. gir 4.2)
Carrer for Starter NVN (see above chart
% LAY NEpaMm TS _____ mim

Goal blood sugar 50 - 150

UAC S0 widd mEQL Na scetate + 5 (<34 wis) -
uniml heparin TRA 1.5-2 mih; & no UVC, can rur

RAL NS + 1Liml heparn + 120 mgiL Papavering TRAZ mim (¢ < 2
kg, Us2 0L UNsImi Nepaninj

eep toral daily hepann <100 unfskgiday

LINES,  CATHETERS AND TUBES
Fr OR 3.5 Fr (300g); Single. double OR tripie lumen

SAFETY OF SPECIFIC MEDS GIVEN THROUGH UAC

wrr.’me

ns
ECMO with 5V0: < 8IJ°
Ventiated on
Ventlated on <

NPCPAP <40% O, or NC 100% O,
before surgical provedure, even ot on Oy

NC < 100% or without O, but w diinical signs. of
<8 | anemia: excessive apnea. sustained tachycardia
{=150) or tachypnea (=86, poor growth

<7 ‘without O & clinically well

PHOTOTHERAP 5 wks (2004 AAF)
Risk* 24h 60h [72h [ 4d [ =54
115 175[ 20 il
0 5] 17 18
8 5135 ] 145 5
wer g, o o

Work-up: BT, DAT, CBC wsmear, D bl retic

m

EXCHANGE: INFANTS
Risk*

Lower

Fellows Reference Card

ET TUBE SIZES {depth = & + wt (kg))
) GA TT
< 24 whs [ IUGR jor 25)
T 25 whs 3
28 — 24 wiks. .0 for 2.5)
34 — 28 wks .5 for 3.0)
> 33 wis .5 (or 4.0)

VENTILATION GOAL!

pCO:
RDS 4560
BPD/ 508!
airleak 5570
200% (232 wks on NE)
PPHN Z7.40-7 55 35-50 200%
Mots: pCO; <35 11 115k of PUL, arieak, ApC0; 5= ApH 0.08

INITIAL RESP SETTINGS
High-flow NC {1 — 6 lpm to generate CFAP 6 cm:
oW (LA} = 0.02 + 008 (We.In Kg)
-7 (RDS). 3-14 (BPD)
PIP = PEEF + 10, Rate 2040, IT0.3- 04
mwg Initial NAVA 0.4 - 2.2 emiuv [range 0-5; wean NAVA
by 0.1-0.3 per change to adjust pC032), Back-up for 3pnea —
rate 80. 1t 0.4-0.5. PIP 26 - 32. PEEP same as NPCPAP.
apnea time start at 2.5 sec and increase by § se intenvals
as apnea resolves
SIMV ECIPS: PIP = i4-24r). PEEP = d-o). Rate < 3040
0), IT0.40.5, PS €10
v kag‘ PEEP = 465, Rate =
30-40 (15-30 n apnes; minimai rate = 12), IT 0.4-0.5, P§ 610

HEJV (Jet]
"initial Jet settings for pt < 1000 g for RDS™
Jet PIP 22 — 24, Jet Rate 360 bpm Jet IT 20 msac
MV PEEP 5. INV P\F B+PEEP Rate 04, IT 0.4
#*Con n from SIMV to JET**
Set Jet PIP = IV FIP + 014
Set PEEP = SIMV PEEP + 1 to4 (agjus fo maintain 2P post-
comversion). Jet Rate 420 bpm, Jet IT 20 msec

um
Higher

§
g2
$2
i
:"‘
T
g
L5

567 cetcincy, sspnywis, sepsi, scionss, L sty

PIP = PEEP + 6, Rate 4, IT 0.4
*Airleak Settings™™
LJET Rate by £0 bpm to a low of 240 bpm as tolerated
Ltonventional rate to 0
#*Typical Adjustments on Jet®**

T Jet PIP by 1-2 = 4 pCO: by 2 - 4 mmHg &
T Jet PIP by 2 - 4 = 4 pCO: by & - 8 mmHg
Jet Raate range: 240 - 650 DPFT — INcTased [3te Can IMprove
crygenation and ventiation

T ion by T Jet PIP, Conu. PIP & PEEF by 1 -2 cm

HFOV MAP 2-4 >MAP on SIMV, IT 33% (30% OR 33%),
Power start at 3. *T unti shaking well™ (7-10). 10 Hz (6-15;
Ky} {SEMngS wiaiieak: Minamal MAP, IT 30%, 15 Hz)

Depk: 213 shoulder to umbdicus, want at RA-IVE junction PHOTGTHERAPY. INEANTS <35 wks [NEJM 2008)
UAC 5 Fr, 3.5 Fr (<1500g) OR 2.8 Fr (<500g); Single umen W@ [ 2a]d] ] 5aed] ria
Dept: Shoulder to umbilicus + 1 (PT) - 2 em (7} (OR 3(kg1+6) ] T T8 &8 ¢ 5 yi
wiant at T8-10 figh ph.w\‘h’l} \lDi‘pﬂ. L34=2350U) B H B 7 7 [ at the same time
PICC 269/2 Fr (<00 mim) O 2mm) — T T
RAL 05 + 1uimi re;arn .- 2: 1~g ‘Papavsrine TRA 2 mim i < 2 H R BT EEE ] 2
g U2 0.5 unisim negan I I I I IS = 1SMPT25
CHEST TUBE 121 TG Fr T, 6 e

5 Frpgzal

FOLEN S Fr M OR 5Frem)

MISCELLANEOUS Z4g thoracentesisibladder tap,
22 LPipericardiocentesis, 20g paracentesis, 18g 10

E EXCHANGE TRANSFUSION

Volume (ml} = w

st Blood Volume = 80 miky; HCL._..,! ZS0-55%

* Power by 0.3 = L pCO; by 2-5 mmHg (8 vice verss)
LHz =TTV (& T V), TIT 8 vice versa)

= (PIP - PEEP) x ((Rate{IT) = 80) + PEEP
= [MAP)(FF0,)(100) + Pa0l (=40 0% sk of moraity?)
AaDO; = (Fi0:)(713}) - Pa0; - PaCO; (2500 potental ECMO?)

PREMATURE INFANT OUTCOMES AT UICH

GA % Survival
(2006-2013)
£

i

07

Long-erm follow-up of INfants Do In 2005:
Infants < 1000 g and = 24 wesks have 15% chance of

*CP. blindness. deafness. or severe developmental delay.

Morbiities in Survivors <1500 sams (2004 - 3008)
9.2% with Severe [VH

with Severe ROP (- stage )

with Nacrotizing Enteracalitis

SCREENING

whs OF 1500g) Inftial LS on DOL 7; iF IVH
repeat weskly Undl resalves. Late LVS 3t 39 wks PMA 1o
orPiL

INITIAL ROP EXAM

Allinfants with BW<1500g OR all imfants with gestational
age £ 30 67 weeks

Plus, select infants 1500 to 2000 g who are 2 21 wks with
unstable cardiorespiratory course deemed at high risk by the
staff necnatologist

Timing of first exam as follows:
I 227 &/7 whs: at 31 wics PMA
= 27 &7 whs: at 4 whs of age

FEEDING GUIDELINES FOR ELEW (< 1 kg) INFANTS
~Add HMF (24 kealloz) when > 25 ml per day & » DOL 5
-When feed volume > 5 mi. put feeds on a pump over 1
hour until greater than 1 manth of age and > 1.2 kg.

May retum to routine bolus feeds after this.

- For infants < 1300 g. increase feeds by 10 - 15 mi/kgid

ONSULTS:
consider palate plate consult if infant will ikely
remain intubated greater than a week.

- ENT consult prior to discharge on infants s/p FDA ligation
o assess vocal cord movement

ANTIBIOTICS
Acyelovir 20 mglkg IV QEh over Th
Amoxicilin 20 makg GHS for UT| prophyiass
Ampho B 1 mglkg IV @24 over 4h
Amgmmm wu mgkgidose [V
28 wks PMA: Q12 (:260). QB (-20)

245 wks PMA: Qth
Cefazolin 25 mglkg IV (Ancsn pntarvals 35 for Cefotaxims)
Cefepime 50 mglkg IV Q12h OR Q2h (menngts nfenva)
Cefotaxime 50 mgikg IV (hepatic mefabolism)
220 wks PMA: Q12h (26a), QBh (-280)
30-36 wiks PMA: Q120 j<14d), Q8h (=140
37-44 wks PMA: Q12n j<7d), Q8h 70
245 wks PMA: Qfh (081 Ceftazioime)
Ceftazidime 20 mg/kg IV ntenals 53 for Cafotaxima)
Clindamycin 5-7.5 mg/kg [V
NEC wpneumatosts (Metronkiazole prefemed)
28 wks PMA: Q12 (<260). Q5 (~280)
30-36 wiks PMA: Q12h (<140, Q8h ¢
37-44 wiks PMA: Q12h j<7d), Qgh (-7a)
245 wiks PMA: Qth
Fluconazole 12 mgkg LD, then & mgikg IV
220 wiks PMA: Q72n 14, Q48 (=147
30-36 wks PMA: Q48n 7. h
744 ms PMA 045~ (<72, Q24h (-73)
245 wks PMA:
OR 6 mg’kg LD. me- 3mghkg PO QD jthrush)
Gentamicin
“[Trougn 82" acse; 1ir = 5, ra{In 120, I 0.3, discuzs witn
fellowistal. It seplicibactarsmic,  paak wiin guy 5-12
Z20wks PMA: 5 mglkg IV Q48h (7
4 mglkg IV Q3%h rmmj. Q24n (280
30-34 wks PMA: 4.5 mgikg IV Q36h (7
4 mglkg IV Q24h ~7)
235 wks PMA: 4 mglkg IV Q240
Metronidazole 7.5 mg/kg IV over 1h. may kad w15 mplkg
20 wks PMA: (48h 260), Q24h (=289
30-36 wks PMA: Q24 Q
3744 wks PMA: Q24n
45 ks PMA ash

<140 (e
<7a), Q12h 7)

IV fintervals as for Zosyn)
N[slah I] 50 P'ﬂ (T PO QID

Vancomyein 1 g}kg IV over 00 minutes
P

2540, Tr510\ Tr 8.2 (<30 wks) OR 3™ dose (230 wks))

220 wks PMA: Q18h £14g). Q120 e

30-36 wks PMA: Q120 <740, QEn (140
3744 wks PMA: Q120 (<70, QB (-7

245 wks PMA: Qh

(see Vancomyein trough guidelines for details)
Zosyn 100 mg/kg IV Pperaciin Tazobactam)
230 wks PMA: Q12h 26q). QBh (280)
30-36 wks PMA: Q1
3744 whs PMA. Q12h 7o),

245 wks PMA: Qah (gon Piparaciiin)

BLcuD PRODUCTS
10 milkg W over Th (forinagen <100}

FFP 10 15m mifkg IV ower 1h (PT > 20, PTT=100)
PREC 15 milkg over 4 hours
platclets 10 15 mikg ¥ over 1 hour

2 wks GA + <7 days. or on Indogin

5I’ ‘f >Z]2 whs GA or 2 7 days
< 50K if term or PMA > 40 weeks

CARDIAC MEDS
Adenosine amgmi) 0.05 mgikg VP, + by 0.05 mglkg
@2 min PRN 100 25 mg/kg
(0.1 mprmp0.02 mglkg IV/TM, may repeat

Atropine I
0.01-0 05 mglkg PO QB-12h i dose)

Captopril
Dobutamine drip
Dogamine drip
Digoxin
Epinephrine

u 3 | mg ,‘ rﬂcn@ e 2000)
Epinephrine drip 0.1—
Hydralazine 0 w-nzmp'kg W o PRN
Hydrocortisone 28 mgkgiday IV = BID-QID

Indomethacin DOL2—7: 0.2 mg'kg IV Q12N X 3 B05ES
=DOL 7: 1% goge 0.2 mgKg, then 0.25 mgkg
fordoses 2 & 3
{ToRow EUNVCT, Diatefers; UOP =0.5 mikgm)
Isradipine 0.1 mg/kgiday = Q & hr
Lidocaine 1mg'kg IV, then dnip (v-racn)
Methylene Blue 1 mghkg IV
Miltinone 0.5 | moghgimin
Neoprofen 10 mglkg (el dose). then (241 iater)
5 moikg IV Q24h x 2 doses (folow
BUNCY, piafeiats; UOP =1 miNg; Us2
WCaUHn in mypertinucnems)
Nicardipine 0.5 meghkgimin (initial) to 2 meg/kg/min

(adjust by 0.1-0 2meglkgmin)
Norepinephrine  0.05 - 0.5 mcgkgimin drip
Propranolol 025 mglkg PO Ot OF
0.01 mg/kg IV @5 for SVT
Prostaglandin E, 0.02 e moghgmin
Sildenafil (Revatio}! mg/g PO G- do NOT give
‘with fesds (may | 1o 1.5 mgikgidose)

Sildenafil (IV) 1.6 mg'kgiday (continuous Infusion)
Vasopressin 0.1-0.5 mii-units/kg/min
DIURETICS

Acetazolamide  5mglkg PO daily
Chiorothiazide  10-20 mgikglday PO = BID

520 mgkgigay IV = BID
Lasix 1-2 mg/kg V' (OR arp 0.7-0.4 mgagn)
Wetolazone 0.2-0.4 mg/kg/day PO QD or + BID
Spironolactone  1-3 mghkglday PO CD or = BID

NRP MEDS
Epinephrine - 0.1-0.3 mifkg (1-18,000)

ET: 0.3-1 mifkg (1:10,000) (NP 2000]
Marcan 0.1 mg/kg (2. 1mikg) MIMET

PAIN { SEDATION MEDS
Ativan 00501 mg.’kg IVO| -2h PRN
Dexmedetomidine 0.2 — 1.2 m

Fentanyl
Ibuprofen
Morphine drip
Morphine
Rocuronium
Tylenol
Tylenol (V)

Vecuronium

2-5meghg IV QIhPRN
510 mg'kg PO @6-8h

10 - 50 meghkgh

0.05-0.1 mglkg IV Q1h PRN
0.5-1mgkg IV Q@1h PRN

10-15 mgikg PO (75-20 PR) Q8h PRN
> 30 wks, 1-28 days- 7.5 mgikg Q8h
243wk, 20 d-yr 1012 5 myhglth
0.1 mg/kg IV Q1h PRN

Vecuronium drip 005 - omgxgm

RESPIRATORY MEDS
in

Azithromyci
Bosentan
Caffeine citrate
Dexamethasone

Duoneb
Inhaled NO

Prednisone
Pulmicort

Q-VAR (40 MCG)

Theophylline

SURFACTANTS

gkg POBIDx7 d, then

g/kg FO QD x 5 wks

1 mgkg PO Q12h

20 mg/kg LD, then

5—7|ﬁ]rrg'kg NP0 &D

o PO when 2 30mllkg feeds

5755 'ng.kq VPG Q12 x & toses

{falow BG, TG, CXR BID)

1.5 ml Q 12 {inhaed)

Term: 20 ppm, wean by 2 - 5 ppm Q12/24,

untl 1-2 ppm then o

Pratarm: 20 pom (2-3 d3yE], hen 1
wk), 2 (x1 WK), then U

mgkgLD. then 2mgikg
PO G (A), 10-20 (BPO)
{1 mgikg LD g by )

Survanta fberactant) 4 mifkg ET in 4 aliquots (<7oog)

Curosur fporacan) 2.5 mlkg ET in 2 aicuots
25 mlikg for repeat doses

gog), ghve

Infasurf ._,a.Ya"!an'} 2 mlfkg £T in 2 aliquots.

OTHER COMMON NICL) MEDS
ADEKs TmiPOQD

Afrin (0.025%)
5% Albumi
25% Albumi
Amicar

Bicitra

2 gitsinare BID x 3d
10 mlkg IV over th
4 mikg (1gg) over 4h

00 mgikg over 1 hr as load, then
25 my/kg/hr x4 hr, extend as needed
PO, dose varies (1 mi = ImEq N2 cirate)

Calcium chioride 20 mghg IV over 30-60 min
Calcium gluconate 100 mg/kg IV over 30-50 min foreremeg)

Cyclomydril

DWW
Elemental Fe

1 g2 OUQ 5 min x 2, 1h 3 ROP exam
2 mifkg VP, then & mg/kgimin
3.6 mghkg lemental Fe 20 QD

Factor Vila {Novo-7) 80 mog/kg IV (remestory PTibieeaing)
may repeat every 2n unitil hemostasis achieved

Famatidine
Fosphenytoin
-CSF

Hi
Heparin flushes

0.5 mgikg IV QD

15-20 mg PE/kg LD over 10 min

10 meglkg SQ QD x1, then recheck

0.5 mi IM within 12 hrs of birth

r<_1kg 0.5ml of 1 U hepiml q3h & pm
Tkg: 0.5mi of 10 U hepimi 8 & pm

Keap rmmauy PBapaNn <100 UNRE/KGAZY

100 un/kg load. hen dop range 25
nits/kghour. adjust per A
values on ECMO

Heparin
(ECAIO only)

Hyaluronidase (Vitrase) 15 unitsiml, 3s 5C injections, gve
as 0.2 mi for 5 injections around site of extrauasation, may

use up to 24 hr out
NIG 500 mglkg IV over 3h

Kayexalate 1g/kg PR K-0.57)
Na bicarbonate -2 mEqg/kg IV over 1h (OR 0.3HgHED)
NaCl 0.5 mEgkg PO QID

0.1 mgkg 0. tmikg) IMAVIET
-Omwg IV over Th

mgikg/day daily or divided BID
QOmg.'I(g LD over 15-20 min, then

35 mglkgiday V/PO - BID flavel 20-43)
Phentolamine (for DA Infitrate) 0.1 - 1

Normal Saline
Omeprazole
Phenobarbital

Polycitra K

Potassium bolus 0.5 mEqkg IV over 1 hour far K <25,
diseuss with fellow prior to erdering!
Reglan 0.1 mg/kg PONV QBH

Synagis 16 mg/kg IM_(Gm ffom 10/31 10 337) to
INPSTENES 226 WRS (:26d) OF WSEvers CLD)

Tri-Vi-Sol ml PO Daiy

TobraDex 2 gitsinare @ 8 hry § days

Ursodiol 0-15 mglkg PO Q120

Vit A 5000 1L IM MWF x Ichses \EW = 1kg)

Vita 30 1Urkg in 2mi 5 1250g)

Vi K 0.5 (<1500g) - 1 mg z .mg- IWEQ (V)

INTUBATION PREM EDICATION

1. Morphine 0.05 1.5 kguse 0.05)
2 Ativan 0. 15 kguse 0.05 )
Wait 5 - 10 mi

3. Atropine 0.02 mgkg IV. (2.1 mgim)

REPLACEMENT FLUIDS
Replace losses » 30 miikg/day (1 omn.ps hour shif

VL output: 44 NS = 30 meqlL
Ostomy output: +20 meglL KC
PDA LIGATION ORDERS

Write orders day before surgery
NPO a1 24 00, Ehach platelet count by 06.00 on day of
surgery, transfuse platelets < 100K

Hydrocortisone 1 mgikg IV DG {wean over 48 to 72 h) —
start at 0G0 on day of su

Peri-operative antibiotic muamga Gentamicin, Zosyn, and
Vancomycin

Vecuronium 1 mglkg IV x4 doses
Fentanyl & 10moghky Vx4 doses

Ativan mghg IV x4 6

Morphine drip to smm 0 megkgh in pnenp

Dopanmine drip at 2 meglkgimin to be in line prior to surgery
PRBCs | unit that is typed and crossed., in cooler @ beaside
To awoid fire, stop OZ flow in resus bag when draping
Pre- and post- oximeters during surgery



Periviable Lungs (< 24 weeks GA) How is it possible to survive without alveoli?

O Terminal bronchioles branch to Respiratory bronchioles
which branch to Alveolar ducts which terminate at the tip
into an Alveolar Sac (thin wall + vascularized) beginning at
24-27 weeks, importantly cranial segments mature faster
than caudal segments so you can have areas of the lung
mature enough for gas exchange even at 22 weeks
gestation if you minimize damage to the lung

‘/Need Antenatal Steroids to accelerate lung maturation:
differentiation of Alveolar Type | and Il cells, thinning of the
mesenchyme for gas exchange and increased invasion of
the capillaries into the air spaces for oxygen transfer

‘/Need a Lung Protective Strategy to minimize volutrauma !

o
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24 University of lowa

Standardization of Care - Ventilator Issues g Stend Famly
Developmental Pathophysiology Framework

Prime Directive: Focus on a Lung Protective Strategy to reduce the risk of PIE and Pneumothorax
at the canalicular stage of lung development with HFV

1) At the canalicular stage of lung
development (< 24-26 weeks
gestation) it is critically important to
avoid shear force injury, primarily saccular

PIE (volutrauma) canalicular .

I pseudoglandular '
2) lowa is a 1st Intention HFV Center - m,m,»
NICU Difference

surfacta
L Il I L Il L L L L 'l L L L [ L "1
2 4 6 8 10 12 14 16 418 20 22 24 26 28 30 32 34 36 38
weeks

v First Intention High Frequency /o
Jet Ventilation is used for all /. %
infants < 27 weeks GA who S %
require mechanical ventilation (]

1) Elgin TG, Stanford AH, Klein JM, First intention

genera- u E 3 1IJ 12 14 18 19 20 21 22 23
high-frequency jet ventilation for periviable infants. tions
: : nal iratory solar ducts 20-
Curr Opin Pediatr 2022 Apr 1;34(2):165-169. chioles oles sac

conducting zone transitional and respiratory zones



Importance of PIE Prevention for the < 24-week GA

Pulmonary Interstitial Emphysema (PIE) is a
collection of gases outside the conducting and
gas exchanging airways which obstructs both
pulmonary blood flow and ventilation and often
develops with 48 hours of life.

PIE has high mortality and morbidity associated
with earlier chronological age, lower birth weight
and lower GA [,

In the pre-surfactant era, mortality was > 60% if
conventional PIP reached > 25 cm H,O at any
time during the first 2 weeks of life for VLBW
infants (],

TABLE 3. Outcome for 55 Infants with Birth Weight Less Than 1,500 Grams*

Died

Survived

P

(N =35 (64%) (N=20(36%)

Birth weight (g)t 971 + 240

Gestational age (wk)t 276+ 18

Day pulmonary interstitial emphysema 1.4+08
(PIE) developed}

PIE day 1§ 27 (17%)

1,162 £ 191
290+ 18
20£1.1

9 (45%)

<004
<.003
<.030

<.050

* Values are means *+ SD.
+ Student’s ¢ test.

1 Mann-Whitney test.

§ x? analysis.

1) Gaylord MS et al, Predicting Mortality in Low-Birth-Infants with Pulmonary Interstitial Emphysema. Pediatrics 1985;76:219-224



Global Ventilator Approach for Infants born < 24 weeks gestation

v

v

Follow pCO, levels closely with rigid adherence to goals to avoid fluctuations in Cerebral Blood Flow —
neuroprotective focus

Proactive use of First Intention Low Tidal Volume strategies (lung protective focus) whether HFJV, HFOV
or low tidal volume targeted conventional devices with early rescue with HFV being available !

Use of 2.0 ETT electively at 22 weeks gestation [l

v Avoidance of overdistention (neuroprotective focus) with oversight from experienced faculty !

1)

2)
3)

« Focus on prevention of pulmonary interstitial emphysema (PIE) due to high mortality with PIE [

Extubate when ready for success not failure.

Consistent ventilator and respiratory strategy for all 22-week gestation infants, there should not be random
variation in respiratory management styles depending on the whim of the Neonatologist.

Oxygen Saturation targets based on PMA to minimize ROP and use alarms for emergencies to avoid alarm
fatigue; not for targeting Ul

Sindelar R, Nakanishi H, Stanford AH, Colaizy TT, Klein JM. Respiratory management for extremely premature infants born at 22 to 23 weeks of gestation in proactive centers in
Sweden, Japan, and USA. Semin Perinatol 2022; 46:151540. doi: 10.1016/j.semperi.2021.151540.

Gaylord MS et al, Predicting Mortality in Low-Birth-Infants with Pulmonary Interstitial Emphysema. Pediatrics 1985;76:219-224

Colaizy TT, Longmuir S, Abramoff MD, Klein JM. Use of a supplemental oxygen protocol to suppress progression of retinopathy of prematurity. Invest Ophthalmol Vis Sci 58:887-891,

2017.



Respiratory management for extremely premature
infants born at 22 to 23 weeks of gestation in
proactive centers in Sweden, Japan, and USA

Semin Perinatol 2022;
46:151540. doi:

10.1016/j.semperi.2021.151540.

Richard Sindelar®*, Hidehiko Nakanishi’, Amy H. Stanford®, Tarah T. Colaizy‘, and

Jonathan M. Klein®
Table 2 - Ventilatory Strategies for Infants Born at 22-24 weeks Gestation Across 3 International Centers

g = 07
%2 b 1
v

/,%;%

22 1/7 Weeks
Gestation

Center Uppsala University, Uppsala, University of lowa, Iowa City, Kitasato University, Kana-
Sweden United States gawa, Japan
Prenatal management Antenatal Steroids Antenatal Steroids Antenatal Steroids

Delivery room management

Initial mode of ventilation

Strategic Goals

Initial Target Saturation
Limits

Initial pCO; Goals

Surfactant Administration

Intubate immediately with 2.0
ETT and place on ventilator.
Transfer to NICU on ventila-
tor.

ETT depth 5.5 cm at lip.

Synchronized intermittent ven-
tilation with volume guaran-
tee (VG), then switched to
assist control with pressure
support ventilation with VG.

Mimmize volutrauma and
overdistention with oversight
from experienced faculty

85-90%
37-52 mmHg (5-7 kPa)

Instilled immediately in deliv-
ery room

Bag mask ventilation trial for
=30 seconds, then intubate
with 2.0 ETT. Transfer to
NICU with bagging via ETT.
ETT depth 5.5-6.0 cm at lip.

First intention high frequency
jet ventilation on admission,
sigh breaths (4 per minute)
added later if needed for atel-
ectasis or desaturation spells.

Mimmize volutrauma and
overdistention with oversight
from experienced faculty

84-93%

45-60 mmHg (6-8 kPa)

Instilled within the first hour of
life in the NICU after radio-
graphic confirmation of ETT
position

Intubate with 2.0 ETT and
placed on conventional
ventilation. ETT depth 5.5-
6.0 cm at lip.

Converted to high frequency
oscillator ventilation with
volume guarantee depend-
ing on cardiac function,
sustained inflation (sigh
breaths 3 per minute) regu-
larly used.

Minimize volutrauma and
overdistention with over-
sight from experienced
faculty

90-95%

50-60 mmHg (6.7-8 kPa)

Instilled in the NICU within
six hours of life with radio-
graphic confirmation of ETT
position



Anti-Volutrauma Approach with High Frequency Jet Ventilation (HFJV)
to Prevent and Treat Pulmonary Air Leaks

HFJV
1) Increases healing of PIE %!
2) Reduces incidence of air-leaks 2!

3) Improves survival of neonates with
pneumothorax or PIE [3]

4) Reduced the incidence of BPD in half for
infants with RDS treated with surfactant 4

5) For neonates <26 weeks GA with Ol >5,
HFJV vs VTV significantly reduced the
incidence of Grade 3 BPD (OR 0.21, 95% ClI
0.05-0.92) adjusted for GA, BW, A-a grad [°]

1) Gonzalez F, et al. Decreased gas flow through pneumothoraces in neonates receiving high-frequency jet versus conventional

ventilation. J Pediatr 1987;110:464-466

2) Spitzer AR, et al. Ventilatory response to combined high frequency jet ventilation and conventional mechanical ventilation for the

rescue treatment of severe neonatal lung disease. Pediatr Pulmonol 1989;7:244-250

3) Keszler M, et al. Multicenter controlled trial comparing high-frequency jet ventilation and conventional mechanical ventilation in -
newborn infants with pulmonary interstitial emphysema. J Pediatr 1991;119:85-93. 1 o
4) Keszler M, et al. Multicenter controlled clinical trial of high-frequency jet ventilation in preterm infants with uncomplicated > B
respiratory distress syndrome. Pediatrics 1997;100 (4):593-599 LD A
5) Rallis D, et al. Single center experience with first-intention high-frequency jet ventilation vs. volume-targeted ventilation in =
extremely preterm neonates. Front. Pediatr. 11:1326668. 2024. doi: 10.3389/fped.2023.1326668

| University of lowa
| Stead Family
Children’s Hospital



HIGH FREQUENCY VENTILATION REMAINS CONTROVERSIAL

Just remember, it’s the carpenter, not the hammer

“Although the tools we use to support gas exchange are important, so are the expertise and training of the
"carpenters” that use them.”

“‘Without evidence-based, physiologically targeted strategies, our tools for supporting gas exchange can
promote injury instead of improving the quality of the lives we save .” (Reese Clark)’

(1) Both the tool and the carpenter are important. Clark RH, J Pediatr. 1997 Dec;131(6):796-8.


http://www.google.com/imgres?imgurl=http://www.themarriedgamers.net/wp/wp-content/uploads/2010/08/mlss_mario-hammer.jpg&imgrefurl=http://www.themarriedgamers.net/?p%3D8136&usg=__StMFySqQU2Ii4FjM5fTjG9N7VaQ=&h=1637&w=1479&sz=702&hl=en&start=7&zoom=1&itbs=1&tbnid=FFEnq3Ky6f-ptM:&tbnh=150&tbnw=136&prev=/images?q%3Dhammer%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1
http://www.google.com/imgres?imgurl=http://themushroomkingdom.net/images/mlss/mlss_luigi-hammer.jpg&imgrefurl=http://themushroomkingdom.net/media/mlss/images&usg=__pKx806VBw4p-P0BWCnawMk8EeoY=&h=1891&w=2476&sz=959&hl=en&start=14&zoom=1&itbs=1&tbnid=udaevpUGshEBfM:&tbnh=115&tbnw=150&prev=/images?q%3Dhammer%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20RH%5bAuthor%5d&cauthor=true&cauthor_uid=9427879

High Frequency Jet Settings for 1st Intention Use for RDS [1-2] @
« Initial Jet Rate:
= <24 weeks GA: Start at 300 BPM (I:E of 1:9)
= At alower rate, more time is spent in exhalation with a fixed IT which decreases air trapping from passive elastic recaoil
= Rate can be increased as needed after a few weeks as lung develops to improve oxygenation and ventilation
» Inspiratory Time - 0.02 seconds (20 milliseconds) for 15t Intention to reduce volutrauma
 Goal is to avoid air trapping leading to PIE, hyperinflation, overdistention, and minimize hypocarbia
« Lower rates decrease alveolar ventilation minimizing hypocarbia.
* No sigh breaths initially
« Initial PIP for 1st Intention Use
— Start at @ 22-24 cm H,O 6004 (hest Wall Shake, adjust based on pCO,
— Tidal Volume is proportional to Delta P (PIP-PEEP)
« Initial PEEP for First Intention Use for RDS:

— Start at 5 ecm H,0 in the Antenatal Steroid and improved Surfactant era
» To avoid mechanical injury to the extremely immature lung from hyperinflation — Lung Protective Strategy

» To avoid impeding venous return — Neuroprotective Strategy

1) Elgin TG, Stanford AH, Klein JM, First intention high-frequency jet ventilation for periviable infants. Curr Opin Pediatr 2022 Apr 1;34(2):165-169.
2) Sindelar R, Nakanishi H, Stanford AH, Colaizy TT, Klein JM. Respiratory management for extremely premature infants born at 22 to 23 weeks of gestation in proactive centers in Sweden, Japan, and USA.
Semin Perinatol 2022; 46:151540. doi: 10.1016/j.semperi.2021.151540.



1.

Standardized and Balanced Ventilator Goals

1st Intention HFJV for all infants 22-24 weeks GA

Follow pCO, levels closely with rigid adherence to goals to avoid fluctuations
in Cerebral Blood Flow — neuroprotective focus outweighs lung protection

avoid both hypocarbia as well as hypercarbia
a)  Target 45 - 55 first 3 days
b)  Target 45 - 60 next 4 days
C) Gases Q3-6 hours in the first few days
d) After ventilator change, repeat in 20 minutes
Oxygen Saturation Issues
a) Standardized Targets, Alarms and Responses
b) Based on Post Menstrual Age ]

c) Transparency - Card attached at every bedside

Colaizy TT, Longmuir S, Abramoff MD, Klein JM. Use of a supplemental oxygen protocol to suppress
progression of retinopathy of prematurity. Invest Ophthalmol Vis Sci 58:887-891, 2017.

University of lowa

Universily of lowa Health Care

ii £ Children’s NICU Preterm Oximeter

nasal cannula <1 LPM

Alarm Target
Post Menstrual Age Limits Saturation
< 26 weeks 80 - 93% 84 - 93%
27 - 31 weeks 80 - 95% 86 - 94%
= 32 weeks 85 - 98% 90 - 95%
2 32 wks on RA or on 90% > 94%

Adjust O; by 5% increments. If the patient requires > 70% O on Nasal
CPAP or while intubated, please notify medical team. If high alarming on
21% O, may change upper alamm limit with order. 4/06, 11/08, 5/13.




NICU Difference: Treat Post Surfactant Slump With Repeat Surfactant Therapy !

 PSSis the lack of endogenous surfactant production Median time for
repeat surractan
e 20% of Infants <1000 g with RDS develop post-surfactant slump after e surfactant group
DOL 6 7| = Initial surfactant only T
6 — Repeat surfactant grou
e More than 70% of infants with PSS have an improvement in the |
Severity of their Respiratory Disease with treatment R 3
2 or more doses of initial SRT for RDS was predictive of developing S 4
PSS (RR 2.4, 95% CI [1.2, 4.9, P=0.02]) S 3
* Controlling for GA: Antenatal steroids significantly reduced risk of 2 . * 3 :
developing PSS (OR 0.22, 95% CI [0.07, 0.67], P=0.008) T
e Either calfactant or poractant alfa treats post-surfactant slump 0 o 3 7 10 14 21 28

Days of Life

* Always R/O a hemodynamically significant PDA[2! as well as
sepsis/pneumonia and atelectatrauma leading to surfactant

dysfunction and inactivation RSS (respiratory severity score):
FiO2 x MAP (mean airway pressure).

1. Katz LA, Klein JM. Repeat Surfactant Therapy for Post-Surfactant Slump J Perinatol. 2006;26(7):414-22.
2. Beauchene MS et al. Patent Ductus Arteriosus (PDA) and Response to Late Surfactant Treatment in Premature Infants, J Perinatol. 2023;43(10):1245-1251



Failing Extubation in the first 2 weeks of life for premature infants 24 0/7 to 27 6/7

weeks gestation increases all the following except for?
Chawla S et al. J Pediatr. 2017;189:113-9

1
2

Severe IVH (l1l/IV)
Death

PD

DA

Late Onset Sepsis

w
o

N
U

)
)
)
)
5)

3 University of lowa

* 1| Stead Family
A5 Children’s Hospital




Failing Extubation in the first 2 weeks of life for premature infants 24 0/7 to 27 6/7

weeks gestation increases all the following except for?
Chawla S et al. J Pediatr. 2017;189:113-9

1
2

) Severe IVH (lII/1V)
)
3) BPD
)

)

N

PDA *

5) Late Onset Sepsis

2 3 University of lowa
* 1| Stead Family
245 Children’s Hospital




m NICU Difference: Standardized Balanced Approach to

1)
2)
3)
4)
5)

Extubation for Infants Born at 22-23 weeks’ Gestation

-~

-

1) Minimize the risks of atelectatrauma and apnea leading to failure
. Failed extubation even for the more mature 24-26 weeks’ gestation premature infant is associated with
poor outcomes

m Failure in first 2 weeks of life at < 28 weeks GA (mean 25.8 weeks) is significantly associated with increased death before discharge
28% vs 6% as well as an increased incidence of BPD, late onset sepsis and severe IVH even after adjustment for multiple variables
(GA, SGA, 5-minute Apgar score, ...) ]

m Failed extubation in the first 12 days of life for infants with a median GA of 25.5 weeks led to a significant setback in respiratory
status with ventilator parameters and blood gas values significantly worse compared to pre-extubation, even 72 hours after
reintubation [?

m Apex cohort (n=250 infants < 1250 g). Early failure infants (< 8 days of life) had a significantly greater risk of death (median 26.3
weeks). 22-week GA excluded and 100% extubation failure rate at 23 weeks gestation [

*  Minimize multiple failure attempts

Extubate “when ready” to have a sustainable respiratory drive, “don’t push them off!”’
2) Optimize Post-Extubation Respiratory Support

. Compared to nasal CPAP, noninvasive ventilation decreases rates of extubation failure and BPD 4

. One approach is to extubate directly to NAVA for noninvasive ventilation (> 850-900 grams) ]

Chawla S et al. Markers of Successful Extubation in Extremely Preterm Infants and Morbidity After Failed Extubation. J Pediatr 2017;189:113-9

Gupta D et al. Pediatric Pulmonology 2021; E pub DOI: 10.1002/ppul.25387

Shalish W, et al. Age at First Extubation Attempt and Death or Respiratory Morbidities in Extremely Preterm Infants. J Pediatr 2022 Aug 24:50022-3476(22)00760-0.
Ramanathan R et al. J Perinatology 2012;32:336-343

Colaizy et al. Am J Perinatol 2017;34:593-598
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Goal of 1st Intention HFJV Is to Avoid Lethal BPD [Grade IlI(A)]!" and
Minimize Grade 3 BPD - Invasive Respiratory Support at 36 weeks PMA 2]

* Diagnosis of Grade 3 BPD [

*  “twofold higher rate of late death, serious respiratory morbidity, and moderate to severe
neurodevelopmental impairment ... strongly supports the distinct classification of these infants...”

/

e Serious respiratory morbidity: tracheostomy, supplemental oxygen for >2 years, ...

* Infants with Grade 3 BPD, 2018 VON data: 18% required tracheostomy vs 0.8 % with Grade 1-2 Bl

BPD Severity Definition at 36 weeks PMA 2!

Grade 1: Nasal Cannula £ 2 LPM
Grade 2: Nasal Cannula > 2 LPM, Nasal CPAP, or NIPPV

Grade 3: Invasive Mechanical Ventilation

Thus, for infants born at the canalicular stage of lung development, focus on 21st century clinical
definition of BPD (Jensen, Invasive Mechanical Ventilation at 36 weeks PMA) instead of the 20th century

definition (supplemental oxygen) at 36 weeks PMA

1) Bronchopulmonary dysplasia: executive summary of a workshop. Higgins R, Jobe A, Koso-Thomas M, et al. J Pediatr. 2018;197:300-308
2) Jensen EA, Dysart K, Gantz MG, et al. The Diagnosis of Bronchopulmonary Dysplasia in Very Preterm Infants. An Evidence-based Approach. Am J Respir Crit Care Med. 2019;200(6):751-759.

3) Jensen EA, Edwards EM, Greenberg LT, et al. Severity of Bronchopulmonary Dysplasia Among Very Preterm Infants in the United States. Pediatrics. 2021; 148(1): e2020030007.



Respiratory Outcomes for Infants Born at 22 to 23 Weeks of Gestation Treated With
First Intention HFV ]

Key Respiratory Outcomes: Median GA 23.3 [IQR 22.9-23.6]

. 70 Inborn infants treated with First Intention HFV:
— 65-HFJV (93%), 5 - HFFI (7%)
Survival

* 22 weeks GA: 14/20 (70%)
» 23 weeks GA: 41/50 (82%)

Median duration of ventilation at 22—23 weeks GA: 63 days (IQR 47-78 days)

Median PMA at time of extubation was 31.0 weeks PMA* (IQR 29-33 weeks)

Grade 3 BPD at 22—-23 weeks GA : Invasive Ventilation at 36 weeks PMA [2]

517 grams twin

) . 22 6/7 weeks
31 weeks PMA age at extubation was the same as the APEX AGA 29%

cohort PMA 31.3 weeks (IQR 29.8-32.1) for infants extubated at
> 35 days of life and 22-week GA infants were excluded from the
APEX cohort. Median GA 24.1 (IQR 23.8-24.9) B3]

6% from 20062015
9% from 2016-2022 (n=87)

Tracheostomy at 22—-23 weeks GA
* 1.5%, 3 out of 195 infants (2006-2022)

2" Year
Birthday

Supplemental Oxygen at 18-22 months corrected age-17% 1

1. Watkins PL, et al. J Pediatr. 2020;217:52-8
2.Jensen EA, et al. Am J Respir Crit Care Med. 2019;200(6):751-759.
3.Shalish W, et al. J Pediatr. 2022 Aug 24:50022-3476(22)00760-0.



Gut Protective Strategies: Minimize the Incidence of Spontaneous/Focal Intestinal
Perforation (SIP/FIP) and Necrotizing Enterocolitis (NEC)

1. Avoid Prophylactic Indomethacin:
— 5% incidence of SIP with early Indomethacin alone
— 19% incidence of SIP with the combination of Indomethacin plus Dexamethasone in
ELBW patients (Stark AR et al, NEJM 2001 Jan 11; 344(2):95)

— Hydrocortisone alone was not associated with an increase in SIP, however combined with

Indomethacin the risk significantly increases (OR 9.37, 2.02-43.49, Shaffer ML et al, Meta-Analysis J
Pediatr 2019; 207:136)

— Abdi HH, et al. “Our investigation [22-28 weeks] detected no protective benefit of Pl treatment ...The risks of treating all
eligible infants with PI may exceed potential benefits...there remains no clear evidence that Pl ... improves the long-term
outcomes of most extremely preterm infants ” J Perinatology. 2021;41:749-755.

— Avoid the combination of indomethacin and steroids
— Address the PDA using a Targeted Neonatal Echocardiographic Hemodynamics

Approach(
2. Minimize NEC and focal intestinal perforation: o Necrotizing Enterocolitis
— Early trophic feeds (10 ml/kg/day) within 24—-36 hours = . HlorE
. @ 6 mVON
— Maternal breast milk or donor S
— Advance very slowly 10-12 ml/kg/day only if tolerating : 4]
— Give bolus feeds by pump over 1 hour when >4 ml T2

o PrObIOtICS (nOt Supported by the FDA) 72006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
— Early detection of meconium obstruction of prematurity [2 to avoid or minimize t
meconium related ileus/intestinal injury

1. Giesinger RE et al, Seminars in Perinatology. Mar;47(2):1517212023.
2. Siddiqui MMF, et al. Arch Dis Child Fetal Neonatal Ed. 2012;97:F147-F150.
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Standardized TPN Strategies
Priority to Minimize Hyperglycemia and Hyperlipidemia

1. Glucose levels 50-150, Na levels 135-150

* Initially, requires frequent labs
* Total fluids, often up to 250 - 350 ml/kg/day, use 3 fluids: UAC fluid without dextrose but with acetate, TPN at 80-100 ml per kg/day for
optimal protein, calcium, phosphorus and D2.5 W carrier fluid

e  Ambient or minimal humidification to accelerate keratinization 1]

e Strict regulation of fluids

* Initial GIR may be <4 mg/kg/min

* Buffer with sodium and potassium acetate to compensate for renal losses to avoid need for aggressive ventilation to maintain pH >7.25
2. Start Intralipids slowly, not <12 hours of life, @ 0.5-1.0 gm/kg/day; do not exceed 2 gm/kg/day (liver protective strategy)

*  Minimize TPN cholestasis
* Mortality rate (pulmonary hemorrhage) increased significantly in 600 to 800 gm infants receiving Intralipid at <12 hours of life vs controls
(24% to 48%, p = 0.032) (2]

3. Goal NVN protein 3.5 - 4.0 gm/kg/day, starter TPN at birth (1.5 gm/kg)

4. Photoprotection of TPN (3]
* Shielding Parenteral Nutrition from Light Improves Survival Rate in Premature Infants

* Premature Infants - minimal antioxidant defenses. TPN when light exposed generates hydrogen peroxide and other oxidants leading to
free radical cellular damage associated with increased mortality

1. Agren J et al. Ambient humidity influences the rate of skin barrier maturation in extremely preterm infants. J Pediatr. 2006;148:613-7
2. Sosenko IR et al. Effect of early initiation of intravenous lipid administration on the incidence and severity of chronic lung disease in premature infants. J Pediatr. 1993;123:975
3. Chessex P, et al. Shielding parenteral nutrition from light improves survival rate in premature infants, JPEN J Parenter Enteral Nutr. 2017;41:378-383.



Skin Care for Periviable Infants (< 24 weeks GA)




Skin Care for 22- and 23-week Gestation Infants

«  Brief Highlights — lowa Approach

1. May take weeks for the stratum corneum to provide effective
protection.

Reposition Q3-4 hours with use of approved supportive
positioning aids.

Use silicone polymer lotion once daily for skin surfaces. Cover
wounds and cracks with a flexible porous soft silicone wound
dressing and then cover with the silicone polymer lotion.

Minimize adhesive use and use adhesive remover if needed.

Use micro-ECG leads. Cut out small ECG sized flexible wound
dressings to use under the ECG leads to prevent skin
breakdown.

Change oximeter probe site g8, use non-adhesive Velcro wrap
for all infants <26 weeks gestation. Change Temp probe g8 and
secure with Blue Silicone Tape

Do not bathe until > 2 weeks of age. Use only water until 32
weeks PMA

Do not use Chlorhexidine on the skin of ELBW babies (risk of
severe skin injury: chemical burns, blisters, etc. and
neurotoxicity)!2. Only use on lines and wires once daily.

Change linen and stocking/cover on the PICC lines daily

From lowa

1) Chapman AK, et al, Safety of chlorhexidine used for skin antisepsis in the preterm infant. Journal of Perinatology, 2012;32; 4-9.
2) VanziV and Pitaro R, Skin injuries and chlorhexidine gluconate-based antisepsis in early premature infants. Journal of Perinatal & Neonatal Nursing 2018; 32:341-350.



Blood Pressure Management - Differences

« Aim for MABP = 22-24 or Systolic = 10-12 above the MABP within a few hours of birth

Durrmeyer X, et al. Arch Dis Child Fetal Neonatal Ed. 2017 Mar 16. Abstention or intervention for isolated hypotension in the first 3
days of life in extremely preterm infants: association with short-term outcomes in the EPIPAGE 2 cohort study

« Treated infants had a significantly higher survival rate without major morbidities including less severe IVH

1) Consider stress dose Hydrocortisone
2) Slow fluid boluses only (10cc/kg) over 1 hour
. UAC flushes - very slowly over at least 30 seconds
3) Dobutamine if BP still low despite hydrocortisone especially if lactates rising

4) Septic shock will need additional vasopressors: dopamine, norepinephrine, etc.

450 gm
23 6/7 weeks
SGA 3%




Infectious Disease Management - Differences

Prophylactic Nystatin to prevent fungal infection

— Given to all patients on antibiotics and continued for 24 hours post therapy

— RCT of prophylactic fluconazole versus nystatin for the prevention of fungal colonization and invasive fungal infection in very
low birth weight infants. Aydemir C et al, Arch Dis Child Fetal Neonatal Ed (2010)

Additionally, prophylactic fluconazole is given for at least 2 weeks and the skin has
keratinized

— RCT of prophylactic fluconazole versus placebo for 6 weeks reduced invasive candidiasis. Benjamin et al, JAMA
2014;311(17):1742

|IgG screening for 6 weeks

— Give IVIG if < 200 (RCT of prophylactic IVIG for the prevention of nosocomial infection in LBW Neonates.
Reduced infections (500-750 gm group), Baker et al, NEJM 1992;327:213

Central line removal protocol

=  Antibiotics Before Removal of Percutaneously Inserted Central Venous Catheters Reduces Clinical Sepsis in Premature
Infants. Reynolds G et al, J Pediatr Pharmacol Ther 2015;20(3):203

Act. Dot WD —————] 10
30Tk 2.0,-20000x SE 61 staph 07152 ;.7



22 1/7-week, X ' &

Controversial Differences in Management Strategies rinsotem 3 SIS

1) Endocrine

v Repeat thyroid screening at 1 month of age (Kaluarachchi DC, et al. J Perinatol 37:277-282, 2017)
v Depending on TSH and free T4 values will be placed on thyroid replacement
v Use stress dose and physiological hydrocortisone replacement for days to weeks to occasionally months depending on BP stability

2) Cardiopulmonary Failure

v Rescue with inhaled NO if O2 requirement > 60-70% with appropriate mean airway pressure, usually patients with PPROM (< 22 weeks),
pulmonary hypoplasia and/or acute or chronic pulmonary hypertension
v iINO use: 22 weeks-55%, 23 weeks-46%, 24 weeks-37% (2018-2022); Positive response 63% of infants at 22-26 weeks; 78% (22-23 weeks) []

3) Management changes since 2014

v Probiotics (on hold for FDA concern since 9/29/23)

v Delayed Cord Clamping (48% at 22-23 weeks)
4) Use of Aggressive Phototherapy (Neuroprotective Strategy, significantly reduces overall NDI as well as profound

impairment): Morris BH et al. New Engl J Med 2008; 359:1885 BW (g) 1d  2d 3d ad s5d  &d 7-14d
<1000 5 5 5 5 5 5 7

5) Targeted Neonatal Echocardiography since 2018

v During the first week of life to detect hemodynamically significant PDA shunts, pulmonary hypertension and assessment of ventricular
function
v Since 2018, Acetaminophen treatment for a hemodynamically significant PDA during the 15t week of life (50% efficacy at reducing the shunt)

then if it reoccurs on the 2" week of life, Indomethacin (up to 2 courses), if still significant shunting, mechanical device closure/ligation [?]

1) Boly TJ et al, Response categorization and outcomes in extremely premature infants born at 22-26 weeks gestation that received inhaled nitric oxide for hypoxic respiratory failure.
J Perinatol, 2023;43; 324-331

2) Giesinger RE et al, Seminars in Perinatology. Mar;47(2):1517212023.



Conclusion: Survival at 22 weeks Gestation is
Extremely Difficult but not Impossible

22 6/7 weeks twins,
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