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Learning Objectives NICU Course - 24 weeks
Iy
» Understand the epidemiology of Chronic Lung Disease (CLD) of Kt
Prematurity/BPD * 24 3/7, AGA week premature female 3 n
.
+ Describe normal fetal lung development and physiology of “New « Birth weight: 677 grams i
BPD" N
« Describe the short term and long-term pulmonary care of * Respiratory Course in NICU: Y
premature infants « Invasive mechanical ventilation: PMA 34 weeks o
« Identify the multisystem comorbidities associated with - Non-Invasive ventilation support until PMA 38 weeks

premature infants’and BPD

« Create a care plan for the outpatient care of infants and children . .
with BPD « Systemic steroid course

* Prednisone > helped wean to home oxygen

« Weaned to 0.5 L/min for home with steroid course
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NICU Course: 24 weeks

+ CV: Pulmonary Hypertension (PH) - 30 weeks PMA

« Treated with Inhaled Nitric Oxide (iNO) - potent
vasodilator

+ Repeat echocardiograms improved
* Neuro: Intraventricular hemorrhage (IVH) R- grade 1

* Resolved - no MRI z
* GL

« Good weight gain through NICU

* 27kcal formula

« Speech involvement - increased risk of aspiration with
increased WOB

CLD/BPD

* The most common
comorbidity associated with
prematurity

* 30-40% of infants < 29 weeks
gestation

+ Up to 50,000 new cases of BPD
each year'’
+ Incidence of BPD is increasing

« Likely related to survival of
extremely premature
infants

1 Levin, 2023
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Prematurity
« Prematurity <37 weeks = =

* 6-14% of infants depending on the country -
« US:12.4/100 births - preterm o

Moderate to
2832 weeks | Preterm o — e
32-37 weeks weeks : . ’ -

2 Py

1
*BPD rates increase as gestational age and birth weight decrease * 2

1. Ohuma, 2023
2. Thébaud, 2019

CLD/BPD

BPD is a strong predictor of adverse health outcomes '

Chronic Cardiopulmonary

Dysfunction Growth Failure

Neurodevelopmental Medical Resource
Delays Utilization

1 Jensen & Schmidt, 2014
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Stages

Normal Fetal Lung Growth

Airways Arteries / Capillaries
mﬂm Extrapuimanary artery
Jdays
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Schittny, 2017

Normal Fetal Lung Growth

Mature lung

* Two phases of
alveolarization:
« classical (or bulk)
alveolarization
« 36 weeks to 2-3 years
« continued alveolarization
« 2years to young adulthood

Ciassical and continued alvéoiarizalio
Saccular stage
Canalicular stage

Bl Pseudoglandular stage
Ml Embryonic period

Schittny, 2017
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Risk Factors for Development of BPD
| EERIBRREORI | posnat! i actors ]

gemetic presispoution | male gender onygen tomcty
Inrautarioe growin restrictisn mechanical ventlation
prenatalitection postnatal infecion
L p—
preeciampsia  Hes 1cy managamant
maternat: nutional defcts f na breast mik

pulmonary inflammatory response

Y

bronchopulmonary dysplasia

Holzfurtner, L, 2022

Changes in physiology of BPD

» Advances in OBGYN and NICU care have changed the
physiology of BPD
« Antenatal steroids (Betamethasone)
« Surfactant

« Changes in ventilator strategy, early extubation, improved
nutrition

» Changes in Physiology
- Old BPD
+ obstructive bronchiolitis and fibrosis of lung parenchyma
* New BPD

+ abnormalities of central and small airways, impaired alveolar growth Ieadlr\swZner 2022

©

National Association o

Pedatric

Nurse Practitioners

11




“New"” BPD

« Alveoli of infant with
“new” BPD:

- Fewer
« Larger Ll ]
* Less complex

« Microvascular arrest

+ “dysmorphic”
microvasculature

« decreased vessel growth

« dilated vessels without
extensive network
organization

Abman, 2001

Schittny, 2017

hitps:/iwww breathingnyc.com/bpd

Classification Systems for BPD

+ National Institute of Child Health
and Human Development (NICHD)

« 2001
* Revised in 2018

NC 22 Umin j
NC 2 Umin
pror Gﬁm
Comparison:

similar predictive values in

predicting death or severe

respiratory morbidity at CGA 18-24 1 Kurihara, 2021
months 2 2.Wang, 2023

+ Jensen Criteria'
« Infants are classified at 36 weeks ISUCTO
PMA L*>
CPAT. NIFFY oc N 23 Um
Mechanical ventlaion, FO2 521%

28 week premature infant
36 weeks CGA
NIPPV, Fi02: 45% =
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Outpatient Respiratory Support

* Respiratory Support
« Oxygen
+ 0.25-0.5L

Finer et al, 1996 - calculation to
determine percentage of oxygen via
low flow cannula

Training
+ Pulse oximeter monitoring
+ CPRand oxygen training
Weaning
+ Monitor WOB and growth

Often require nighttime oxygen
longer

Pulm Clinic every 4-6 weeks

Severe BPD- Tracheostomy and Ventilator
Dependence

+ Tracheostomy to provide ventilator support
« Decision to place tracheostomy
« Sustained respiratory distress
« Cyanotic or brady episodes
« Intolerance of developmental therapies
+ Poor growth
+ Pulmonary Hypertension
+ Use or need of repeated steroid courses
« Average vent support - 2 years

« Challenges:
« Extensive training, 24 caregiver/nurse supervision

ational Asaciation of
eddiatric Nurse Proctitioners
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Short Acting Beta
Agonists

(Albuterol,
Levalbuterol)

Diuretics

(Hydrochlorothiazide,
Aldactazide, Lasix)

Common Pulmonary Medications at Discharge from NICU

Pulmonary
Hypertension

(Sildenafil, Bosentan,
Treprostinil)

Abman, 2017

Factors Affecting Pulmonary Dysfunction

Figure 1. Algorithen for factors contributing o chilihood and. adult pulmenary dysfunction in

preematus intante

—

**Prematurity alone

without the diagnosis
of BPD increases risk
for pulmonary
dysfunction

Jain et al., 2020
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Pulmonary Function Tests

* Spirometry
* Plethysmography

+ Bronchoprovocation - Exercise

+ DLCO (Diffusion capacity of the lungs for CO)

+ CPET - Cardiopulmonary Exercise Testing

hitps://www.medcomic.com/medcomic/iung-
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volumes-and-capacities

Pulmonary Function Testing

« Spirometry
+ Most common - screening test
« Available in some primary care offices
« Operator and effort dependent

« Comparison to predicted values based on age
and height

+ (Global lung Initiatives) predictive values
« Interpretation

« Assessing the tests for acceptability and
repeatability

« Identifying the spirometry pattern (normal,
obstructive, restrictive, of mixed

« Grading the severity of the pattern identified

Jat, 2013,

<— Flow —»

Peak Flow

hitps://pftforum. com/review/tutorials/spirometry.
“tutorials/assessing-flow-volume-loops/
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Obstruction Defined As:

Mild: 70-79%
Moderate 60-69%

Severe 35-49%
Very Severe < 35%

* BPD - increased risk of
obstructive lung disease

Abnormal FVC/FEV1 Ratio < 80%

Moderately Severe: 50-59%

Obstructive Lung disease

(Calogero, 2018)

What happens to the lungs?

T ————r
v e o

gaciany . modec e s W0
ey

B &) =
Biea ¥ L Ll

25 years of age

15:28 years of age

Up 10 2 years of age 5 years of age.
* Long term follow up into adulthood is recommended to better
understand the evolution of pulmonary function

+ preterm-born subjects with and without BPD

Moschino, 2021
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Doyle, 2019

+ Young adults<28 weeks,
<1,000 g

+ PFT at age 8,18 and 25

* Decreased airway
function compared to
controls.

* Increased risk of
developing COPD

Pulmonary Complications

« Birthweight and Asthma
Diagnosis

« Retrospective study

* VLBW significantly
increases risk of asthma

« Limitations: largely done
on parental report of
asthma

+ Nationwide register

+ COPD at age 30-50

+ Odds of any obstructive

study from Norway and
Finland

years, the OR was 7.4
for those born at <28
weeks

airway disease in
adulthood for those
born at <28 or 28-31
completed weeks were
2-3-fold of those born
full term

Landry, 2015

* Cross sectional cohort
study

* PFT comparison - age
21

« healthy term
infants

* BPD

* Premature
infants without
PD

* More airflow
obstruction

+ More gas trapping

+ Decreased diffusion

ity
P

Cardiovascular Complications

» Pulmonary Hypertension
* Pulmonary vein stenosis
* Persistent shunts that cause increased
pulmonary blood flow
+ ASD
« PDA

« Systemic Hypertension

1. Rivera, 2016
2. Kumar, 2019
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Pulmonary Hypertension

« Increased blood pressure in pulmonary arteries - right heart failure
« Abnormal vascular remodeling and vascular growth arrest
* 25% -30% of infants with moderate to severe BPD develop PH
. ;’giu,;hat persists beyond the first few months - mortality rates as high as 40-

Hansmann et al,, 2021

Pumonary Hypenenscn
T

Nationwide Childrens Hospital,
2024

Pulmonary Hypertension

« Evaluation
« Echo - indirect measures

+ Minimum 1 x per month while on respiratory support, Once discharged
every 1-3 months

 Biomarkers: BNP, ProBNP
« Cardiac catherization

* Prevention
« Limiting hypoxia and hyperoxia
« Close attention to growth and nutrition. ** remember lung growth
continues in the first 2 years of life
« Early treatment of lung infections
« Supporting the lungs with chronic mechanical ventilation

1. Rivera, 2016
2. Hansmann, 2021

| ©
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Pulmonary Hypertension Treatment

+ Supplemental oxygen
« Suspected PH: >93%
« Proven PH >95%

« Inhaled nitric oxide (acute setting)

* Pharmacotherapy
« Pulmonary vasodilators (off label)
« PDES inhibitors (Sildenafil, Tadalafil)
« Endothelin receptor antagonist (Bosentan, Ambrisentan)
« Treprostinil (SQ continuous infusion)

Developmental Delays

« Infants with BPD have worse
neurodevelopmental outcomes
+ Often < 28 weeks
+ Recurrent hypoxemia - neonatal brain
injury
» Longer time in NICU

» Longer exposure to mechanical
ventilation

» More exposure to sedatives

« Less stimulation/tolerance of
therapies secondary to WOB

National Association o
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Developmental Delays and BPD

Cognitive and gross motor scores related to severity of
BPD

Drummond, 2019

Gou, 2018
+ Eval of 15 year olds -VLBW
BPD was associated with a higher risk

* Meta-analysis
to attend a school for children with

11 studies comparing the association

* Bayley scale for -
infant o
of BPD with CP deve|0pment
special needs « BPD is significantly associated with CP o
Higher risk for repeating a grade (p = « Chall ; o §
OO mumber of medicaland e * Gross Motor “ I lI l
reased number of medical an e ;
p:c:;ied‘rlr(;niuﬁa&eﬂﬁjudmg Inconsisent definiions o 87D and Function - ot
: Classification .
System T
Jensen et al, 2019, DeMauro, 2021
E Netional Asccaton ot
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Outpatient Neurodevelopmental Care Nutrition and growth - BPD
* Follow up with Neurodevelopmental Specialist

**Early intervention**
Automatic qualifier < 1,000 grams

« Supporting growth can be challenging
* Hearing loss in 10-20 times higher in premature infants

« periods of hypermetabolic states
« increased work of breathing and increased caloric
expenditure
« growth suppression from chronic stress and

« exposure to ototoxic drugs in NICU (Lasix, gentamicin) A ] : i y

* May require ABR
» Vision deficits

« ROP

inflammation and chronic steroid or diuretic use
+ IUGR and SGA

« high-risk conditions for developing sBPD and
may set the stage for persistent abnormal growth
patterns in the postnatal period
** Follow up with family to ensure they are receiving services ** : glgsvest growth velocities > Highest risk for
) e et
31




Outpatient Nutrition and Growth Goals

» Goals for growth:

» Weight for length 50t%
« Adequate linear growth
« Catch up growth

« Continue fortified milk/formula
until 10t"% weight uncorrected
growth chart

« Advance feeds (solids)
according to adjusted age (not
chronological age)

GI conditions affecting children with BPD

* Reflux
« Peaks 4 months
« Symptoms
« Feeding refusal
« Vomiting
+ Poor weight gain
« Irritability
« Treatment
+ AR, smaller volume feeds, medications
« Constipation
« Distended abdomen affect movement of the diaphragm and respiratory muscle compliance
« Increased risk with higher calorie formula 27kcal/oz and 30kcal/oz
« Treatment: Lactulose <6 months, Miralax > 6 months, Glycerin PRN '

Consider referral to Pediatric GI

1. Vandeplas, 2015

al Association of
tatric Nurse Pracritioners

Feeding Difficulties

« Oral motor dysfunction/dysphagia and Aspiration
» Neurologic impairments: IVH, Hydrocephalus, immaturity

Increased work of breathing can affect coordination of suck,
swallow/breathe

- Evaluation
+ Clinical swallow evaluation/ Video swallow study
Treatment
+ Thickeners/slow flow nipples
+ Feeding Support with GT
+ Continued active therapy to enhance suck swallow coordination
« Recurrent microaspiration - chronic respiratory symptoms
+ Coughing, wheezing, tachypnea, poor weight gain,

+ Acute aspiration: LRTI often with need for increased respiratory support
+ Oral Aversion
« Refer to feeding specialist

Infection Prevention

*+ Most admissions in children with BPD > Lower Respiratory Tract Infections (LRTI)
+ RSV, Rhinovirus, Human Metapneumovirus,

+ RSV prophylaxis with monoclonal antibody '

+ FDA approved 1998

+ Monthly injection during RSV season

+ Must have qualifying diagnosis or gestational
age

Palivizumab

+ FDA Approved 2023
Nirsevimab + One time injection
» Includes healthy infants

- Hand hygiene
+ Avoiding exposure to sick contacts, large gatherings

« Limiting daycare in infants with severe BPD if able for the first year of life.
Abman, 2017
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Post NICU Course:

+ Oxygen dependent until 14 months

« Asthma: treated with ICS (fluticasone)
and SABA

Pulmonary Function Testing:
+ Spirometry attempted but not
reproducible yet
Sleep study: age 3
+ Moderate OSA, AHI 6.7
« s/p, T&A
+ GI: slow weight gain from DC
+ 65M% - 101%
+ Age 5: BMI <10%%

+ Development: kindergarten, PT, OT,
speech, hyperactive, behavior
concerns

(umac) utiam

Red flags at follow up

+ Respiratory:
+ Change in WOB
Desaturations

Fatigue/lethargy
Wheezing/coughing
Repeated hospitalizations

increased HR (pulse ox monitor), poor growth, desaturations

Coughing with feeds
Oral aversion/poor intake
Poor growth

+ Social
« Poor follow up with appointments
- Parental involvement/support

Mational Assaciation of
Pediatric Nurse Practitioners
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Outpatient Follow Up Plan

Infection Prevention
Encourage all vaccines
Annual influenza and COVID vaccine
Mononoclonal antibody for RSV,

Pulmonary:
Follow with pulmonary specialist
Evaluate and treat asthma
Pulmonary function test >age 6

ntinued pulmonary evaluation into adulthood

Cardiology

ring for Pulmonary hyoertensi
oxygen or ventilator supp

while on

References

* Holzfurtner, L, Shahzad, . Dong, Y. et al. When inflammation meets lung

T, A update on
Pediatr 9, 7 {2022). hitps://doi.org/10.1186/540348-022:00137:2

Lapcharoensap W, Gage SC, Kan P, et al. Hospital Variation and Risk Factors inaPop
Pediatr, 2015;169(2):2143676. doi:10.1001/jamapediatrics. 2014.3676

ohort. JAMA

+ Jensen EA, Schmidt 8. Ep th De

Res A Clin Mol Teratol. 0i:10.1002/bdra.23235

+ Thébaud, B., Goss, K.N., Laughon, M. et al. Bronchopulmonary dysplasia. Nat Rev Dis Primers 5, 78 (2019). hitps://dol.org/10.1038/541572-019-0127-7

Mol Cell

+ Hansmann G, Sallmon H, Roehr CC, et al. Pulmonary hypertension in plasia. Pediotr doi10.

in the Preterm Infant.

« Rivera, L, Siddaiah, R., Oji-Mmuo, C, Silveyra, G. R, &Silveyra, P. (2016). Biomarkers for pl
3333 hitps://do.6rg/10,3389/ped 2016,00033

hort Studh

+ Landry 5, Tremblay GM, Li PZ, Wong C, Benedett A, Taivassalo T Lung function
A Thorac Soc (2015) 15(1117-24. dBi10.1513/ AnnalsATS 201508-3530C

Duta b . The uascla phenotypeof 8PD:new basc sclnce nsights e recion mecicine approaches. Pectatric Resarch, 2022 Dec. DO
T011036/541390-022.02425.7. PIID: 36550381

+ Abman SH. Bronchopulmonary dysplasia: "a vascular hypothesis”. Am  Respir Crit Care Med. 2001;164(10 Pt 1):1755-1756. doi:10.1164/ajrcem. 164102109111

« Avigliani M, Spinelli AM, Liguoro I, Cogo P. Nutrition and Lung Growth. Nutrients. Published 2018 Jul 18. doi:10.

in Pediatrics, 4,

nn

National Association o
Pediatric Nurse Practitioners

MNational Association of
Podiatric Nurse Practitioners

39

40




References

Schittny, J.C. Development of the lung. Cell Tissue Res 367, 427-444 (2017). https://doi.org/10.1007/500441-016-2545-0

+ Ohuma EO, Moller AB, Bradley E, et al. National, re |ona| and global estimates ofé)reterm birth in 2020, with trends from
2010: a systematic ana\ysls Lancet. 2023;402(10409):1261-1271. doi:10.1016/50140-6736(23)00878-4

+ Kurihara C, Zhang L, Mikhael M. Newer bronc dysplasi and prediction of health economics
impacts in very preterm infants. Pediatr Pulmonol. 2021;56(2):409- 417 doi:10. 1002/ppu| 25172

+ Leif D Nelin, steven Abman and Howard 8 panitch. A physiolagy-based approach o the respiratory care of children with
severe bronc Questions and The Newborn Lung, Chapter 14, 249-278.

E (2023). Antenatal steroids: benefits, risks, and new insights. Journal of
Endac!malugy, 258(2) 22203 6. Retrleved Jan 15, 2024, from https //doi.org/10.1530/)OE-22-0306

« Cristea Al Ren CL, Amin R, et al. Outpatient Respiratory Management of Infants, Children, and Adolescents with Post-
Prematurity Respiratory Disease: An Official American Thoracic Society Clinical Practice Guideline. Am J Respir Crit Care Med.
2021;204(12):e115-e133. doir10.1164/rccm.202110-2269ST

Kumar KR, Clark DA, Kim EM, et al. Association of Atrial Septal Defects and Bronchopulmonary Dysplasia in Premature
Infants. J Pediatr. 2018;202:56-62.62. doi:10.1016/j jpeds.2018.07.024

+ Vyas-Read S, Guglani L, Shankar P, Travers C, Kanaan U. Atrial Seﬁtal Defects Accelerate Pulmonary I-%pertension
Diagnoses in Premature Infants. Front Pediatr. 2018;6:342. Published 2018 Nov 23. doi:10. 3389/fped.2018.00342

* Moschino L Bonadies L, Baraldi & Lung grovth and pulmonary function after prematurity and bronchopulmonary
dysplasia. Pediatr Pulmonol. 2021;56(1 1%: 499-3508. doi:10.1002/ppul.25380

References

ier L. Jarreau, P, Marchand-Martin,L., Benhammou, V. Nuytten, &, Berguin, P, Marret, S, Plerrat, . Ancel,P.. & Tor
(202 Bronthopuionary Dysplasia and Risk of evelopmental Delay: An EPIPAGE-2 Cohort Study. Neonatology (Basel, Swrrzer!nnd) 119(1)
124-128. https://doi.org/10.1159/000520451

lasia and cerebral palsy in children: a meta-analysis. 84/ Open.

Yang L, Pan L Xiao D. Association between bronchopulmonary dysp
120735. Published 2018 Sep 19. doi:10.1136/bmjopen-2017-020735

uX,
zmus

« Sriram s, Schreiber MD, Msall ME, et al. Cognitive Development and Quality of Life Associated With BPD in 10-Year-Olds Born
Preterm. Pediatrics. 2018;141(6):€20172719. doi:10.1542/peds.2017-2719

+ DeMauro S8, Neurodevelopmental outcomes of infantswith bronchopulmonary dysplasia. Pediaric Pulmonology. 2021; 3509-
351 ib.buffalo.edu/10.1002/ppul.25381

+ Singer L vamashita T, Lilen L, Colln . Bale . Alongitudinal study of developmental outcome of nfants with bronchopuimonary dysplasia
very low birth weight. Pediatrics. 1997;1 42/peds.100.6.987

Drummond D, Hadchouel A Torchin H, Roze -C, Araud C, Belling A et al. (2019) Educational and health autcomes associated with
bronchopulmonary dysplasia in 15-year-olds born preterm. PLos ONE 14(3): e0222286. https://doi.org/10.1371

Griffiths, V., Blinder, H., Hayawi, L., Barrowman N, L T. M. Moraes, T.J, Santyr, G, Thébaud, B., Nuyt, A
(2023). Sieep-disordered breathing S/metoms and thel ¥ 2SS0 iation with SiruEnura A fmeonal PUlrmaary EhaRges in it born
Ctamely sraterm. Europeon joursalof bedtatres. TES(1. 155163, WtpSH/bLo1a710.1007 500451 035 0ABET-0

+ Abman sH, Collaco M, Shepherd EG, et al. Interdisciplinary Care of Children with Severe Bronchopulmonary Dysplasia. Pediatr. 2017;181:12-
28.e1. doi10.1016/]jpeds.2016.10.082

Finer, N. N., Bates, R., & Tomat, P. (1996). Low flow oxygen delivery via nasal cannula to neonates. Pediatric Pulmonology, 21(1), 48-51
Ritps//col.or6/10.1602/A(SICI) 09 0456(1 93601121 1 S4B AID-PPUL8-3.0.COPM

National Astocafonof
Pediatric Nurse Practitioners

Mational Asseciation
Pediatric Nurve Practitioners

References

ram. Schreber D, Meall WE Kuban KCIC Joseoh €14, Shes T Al €N, Levor . LGAN sty Investigator Cognive Development and Qualy o Ufe Assoisted Wih 87 i 10-Year-0ids8orn
Bratarm, Pedatrics 2018 Jn 141(61e201 72713, ok 10:1642/peds 20172719, Epub 2018 May 17. PMIDY 29773665 PHACIDE PMCE31 7635

Jensen EA, Dysart . Gantz MG, et a. g

. Respir Crit Care Med.

jain D Felgman A Sangam . Prec

i 2020: 7023288,
Wi 1do, ora) 10 3350 chidreny .

V.C. Moore, Breathe 2012 8: 232-240; DOI: 10.1183/20734735.0021711

Doyl Ivng L Halkerwal L . o Thoras.
SO T G S Sorane B3R

nship Betvieen iy B Open.
it e A o et Jopen 2023 07668

Calogero €, Fenu G, Lombardi . Front e doio,

JatKR.Spirametry inchidren,

Pl Risnes, K Mtsila | Alnis, . Helkls, K. Nisen 5 . Nasanen Giare, . Hasramo, . Gisler, M, Opcahl . & Kafante, £ (20231 et birth and asthma an COPD i adlhood:
Pationwids reqter study rom o Noralc countres. Th Eropeon Rispiratory Journal, 6116 2201765

ontzLe, Sterni L, Callaco pestatr
Levin,J. €, Annesi, C. A, Willams, D.N. Abman, 51, McGrath-Morrow, S A Nelin, L D, shelk, C.A, & Hayden, L P. (2023), of
Natoral Expent. e obrnal of Pedotich 255 12,753, NSRS 140101/ 1010166 neds 2022 05,018

Ohuma EO, Woller AB, Bracley E, et al. Natonsl 3 precerm birth in 2020, d

75653000875 4

Vandenplas, Y. Alsrcon, P Alet, ., De Gree, £, De Ronne, N, Hoffman, L Van Winckel, M. & Hauser, . (2015). Algorkhms f i in

formula-fed nfanis. Act Poedioicd, 1045), 445-437. Ips/Goiorg/10.1111/apa. 13963

ssaciation of
oners

43




