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BPD DIAGNOSIS AND PHENOTYPING
Wu KY, Jensen EA, White AM, Wang Y, Biko DM, Nilan 
K, Fraga MV, Mercer-Rosa L, Zhang H, Kirpalani H. 
Characterization of Disease Phenotype in Very Preterm 
Infants with Severe Bronchopulmonary Dysplasia. Am J 
Respir Crit Care Med 2020; 201:1398-140

Summary
This study used a cohort of preterm infant with 
severe BPD to assess the frequency of three disease 
components: moderate-severe parenchymal disease, 
pulmonary hypertension (PH), or large airway disease. 
Inclusion criteria included infants with severe BPD who 
underwent both chest computed tomography with 
angiography (CTA) and echocardiography between 40 and 
50 weeks PMA. The association was assessed between 
each component and a primary composite outcome that 
included death before hospital discharge, tracheostomy, 
or home pulmonary vasodilator therapy. Moderate-severe 
parenchymal lung disease was defined as an Ochiai score 
≥8 on CTA. PH was diagnosed by echocardiogram using 
standard criteria. Large airway disease was defined as 
tracheomalacia or bronchomalacia on bronchoscopy 
and/or tracheoscopy or CTA. Of 76 evaluated infants, 
73 (96%) were classifiable into phenotypic subgroups: 
57 with moderate-severe parenchymal disease, 48 with 
PH, and 44 with large airway disease. The presence of 
all three disease components was most common (n = 
23). Individually, PH and large airway disease, but not 
moderate-severe parenchymal disease, were associated 
with increased risk for the primary study outcome. Having 
more disease components was associated with an 
incremental increase in the risk for the primary outcome 
(2 vs. 1: odds ratio, 4.9; 95% confidence interval, 1.4-17.2 
and 3 vs. 1: odds ratio, 12.8; 95% confidence interval, 
2.4-70.0).

Comments
1.BPD is a heterogenous condition with poorly characterized 

disease subgroups.
2. Although characterization of BPD severity according to the level 

of respiratory support administered to very preterm infants at 36 
weeks PMA provides important prognostic information, these 
standard diagnostic criteria do not distinguish between the 
possible causes of an infant’s respiratory support requirements.

3. Infants with severe BPD are variable in their predominant 
pathophysiology and can be classified into phenotypic 

subgroups based on the relative contribution of parenchymal, 
vascular, and large airway disease.

4. Disease phenotyping may enable better risk stratification and 
targeted therapeutic intervention.

5. The pediatric pulmonologist has a role in the NICU with imaging, 
PH management, and airway evaluation.

BPD IMAGING 
Gouwens KR, Higano NS, Marks KT, Stimpfl JN, 
Hysinger EB, Woods JC, Kingma PS. MRI Evaluation 
of Regional Lung Tidal Volumes in Severe Neonatal 
Bronchopulmonary Dysplasia. Am J Respir Crit Care Med 
2020 May 27; Online ahead of print

Summary
This study utilizes respiratory-gated, ultrashort echo 
time MRI to test the hypothesis that cystic regions of the 
lung will exhibit a quantifiable tidal volume (TV) that will 
correlate with ventilator settings and clinical outcomes. 
MRI of 17 non-sedated, quiet-breathing, severe BPD 
infants were reconstructed into end-inspiration and 
end-expiration images. Cysts were identified and 
measured using density threshold combined with 
manual identification and segmentation. Regional TVs 
were calculated by subtracting end-expiration from 
end-inspiration volumes in total lung, non-cystic lung, 
total-cystic lung, and individual large-cysts. Cystic lung 
areas averaged larger TVs than non-cystic lung when 
normalized by volume (0.8 ml TV/ml lung vs 0.1 ml TV/ml 
lung, p<0.002). Cyst TV correlates with cyst size (p=0.012 
for total lung cyst and p<0.002 for large cysts), although 
there was variability between individual cysts TV with 
22% of cysts demonstrating negative TV. Peak Inspiratory 
Pressure positively correlated with total lung TV (p =0.027) 
and non-cystic TV (p=0.015), but not total lung cysts 
TV (p=0.8). Inspiratory time and respiratory rate did not 
improve TV of any analyzed lung region.

Comments
1. BPD is a heterogeneous lung disease characterized by regions 

of simplified alveoli (cysts), fibrosis, and emphysema.
2. Our understanding of the heterogeneous nature of severe BPD 

lung disease has been limited by the lack of objective analysis 
of the regional lung structure, as methods for evaluating lung 
function capture whole lung rather than specific regions of 
interest.

UPDATE ON THE MANAGEMENT OF BRONCHOPULMONARY DYSPLASIA
Paul E. Moore, MD, ATSF
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Department of Pediatrics 

Nashville, TN
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3. Cystic regions of the lung are not merely trapped air and have 
greater normalized tidal volume when compared to non-cystic lung.

4. Ventilator pressure increases non-cystic lung tidal volume, but 
inspiratory time and respiratory rate do not correlate with tidal 
volume of normal or cystic lung.

5. The ability to obtain imaging that corresponds to differences in 
regional ventilation in intubated neonates has the potential to 
provide precision medicine to infants with BPD.

BPD MANAGEMENT: HOME OXYGEN THERAPY
Rhein L, White H, Simoneau T, Traeger N, Lahiri T, Kremer 
T, Sheils C, Meyer K, Rosenkrantz T, Krishnan S, Hartman 
T, Feldman HA, Abu Jawdeh EG. Transmitted Home 
Oximetry and Duration of Home Oxygen in Premature 
Infants. Pediatrics 2020 Jul 14; Online ahead of print

Summary
The Recorded Home Oximetry (RHO) Trial sought to 
determine if a home oxygen therapy (HOT) management 
strategy that includes analysis of RHO data, compared 
with standard monthly clinic visit assessments, reduces 
duration of HOT without harm in premature infants. This 
unmasked randomized clinical trial was conducted in 9 
US medical centers from November 2013 to December 
2017, with follow-up to February 2019. The intervention 
was an analysis of transmitted RHO between clinic visits 
(n = 97); the standard-care group received monthly clinic 
visits with in-clinic weaning attempts (n = 99). The primary 
outcomes were the duration of HOT and parent-reported 
quality of life. There were 2 prespecified secondary safety 
outcomes: change in weight and adverse events within 
6 months of HOT discontinuation. In the RHO group, the 
mean time to discontinue HOT was 78.1 days (SE: 6.4), 
compared with 100.1 days (SE: 8.0) in the standard-care 
group (P = .03). The quality-of-life scores improved from 
baseline to 3 months after discontinuation of HOT in both 
groups (P = .002), but the degree of improvement did not 
differ significantly between groups (P = .75). 

Comments
1. BPD Guidelines recommend home oxygen therapy for chronic 

hypoxemia to facilitate NICU discharge, but its use is highly 
variable.

2. The RHO Trial is the first randomized clinical trial to compare 
oxygen weaning strategies in infants on home oxygen.

3. Use of home oxygen data can decrease duration of home 
oxygen compared with routine assessments alone.

4. An important safety concern addressed in this study is that RHO 
infants were able to maintain weight while being weaned and 
were able to grow appropriately and significantly better than 
standard-care infants.

5. A critical knowledge gap not addressed in the RHO Trial is the risks 
and benefits of supplemental home oxygen for infants with BPD.

BPD MANAGEMENT: RSV IMMUNOPROPHYLAXIS
Chaw PS, Hua L, Cunningham S, Campbell H, Mikolajczyk 
R, Nair H; RESCEU Investigators. Respiratory Syncytial 
Virus-Associated Acute Lower Respiratory Infections in 
Children With Bronchopulmonary Dysplasia: Systematic 
Review and Meta-Analysis. J Infect Dis 2019 Dec 
11;Online ahead of print

Summary
This study assessed the severity of RSV-acute lower 
respiratory tract infection (ALRI) in children less than 5 
years old with BPD. A systematic review of standard 
databases identified 29 studies of RSV-ALRI in children 
that compared morbidity and mortality in children with 
BPD compared with those without (non-BPD). Risks 
were higher among children with BPD compared with 
non-BPD: RSV hospitalization (odds ratio [OR], 2.6; 95% 
confidence interval [CI], 1.7-4.2; P < .001), ICU admission 
(OR, 2.9; 95% CI, 2.3-3.5; P < .001), need for oxygen 
supplementation (OR, 4.2; 95% CI, .5-33.7; P = .175) 
and mechanical ventilation (OR, 8.2; 95% CI, 7.6-8.9; P 
< .001), and hospital case fatality rate (OR, 12.8; 95% CI, 
9.4-17.3; P < .001). Median LOS (range) was 7.2 days 
(4-23) (BPD) compared with 2.5 days (1-30) (non-BPD). 
Median duration of oxygen supplementation (range) was 
5.5 days (0-21) (BPD) compared with 2.0 days (0-26) (non-
BPD). The duration of mechanical ventilation was more 
often longer (>6 days) in those with BPD compared with 
non-BPD (OR, 11.9; 95% CI, 1.4-100; P = .02).

Comments
1. RSV is among the most important causes of acute lower 

respiratory tract infection (ALRI) in young children.
2. The risk of severe RSV disease is considerably higher among 

children with BPD.
3. There is an urgent need to establish standardized BPD 

case definitions, review the RSV prophylaxis guidelines, and 
encourage more specific studies on RSV infection in BPD 
patients, including vaccine development and RSV-specific 
treatment.

4. The cost limitation of RSV immunoprophylaxis may more 
seriously affect low-income countries, where RSV disease 
incidence is reported to be higher compared with higher income 
countries.
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BPD MANAGEMENT: ENVIRONMENTAL CONCERNS
Collaco JM, Morrow M, Rice JL, McGrath-Morrow SA. 
Impact of road proximity on infants and children with 
bronchopulmonary dysplasia. Pediatr Pulmonol 2020; 
55:369-375

Summary
Little is known regarding environmental factors that 
can impact outcomes in BPD. A total of 784 subjects 
were included from the Johns Hopkins BPD clinic. In 
order to assess the role of traffic-related air pollution 
(TRAP) on respiratory outcomes in BPD, caregivers 
completed questionnaires on environmental exposures 
and respiratory outcomes. Distance to the nearest major 
roadway was derived from subjects’ geocoded residential 
addresses. Approximately half of the subjects (53.8%) 
lived within 500 m of a major roadway. Subjects who lived 
within 500 m of a major roadway were more likely to be 
non-white (P = .006), have a lower estimated household 
income (P < .001) and live in more densely populated 
zip codes (P < .001) than those who lived further than 
500 m away. For every 1 km increase in distance 
between residence and roadway, the likelihood of activity 
limitations decreased by 35% (P = .005). No differences 
in acute care use were seen with proximity to major 
roadways. Proximity to a major roadway was associated 
with chronic respiratory symptoms, such as activity 
limitations (eg, dyspnea), and tended to be associated 
with nighttime symptoms as well. Self-reported minorities 
and families with lower estimated household incomes may 
be more likely to be exposed to TRAP.

Comments
1. Given the burden that BPD and other respiratory complications 

of preterm birth impose on patients, their families, and society, it 
is important to identify modifiable factors that impact outcomes.

2.	Traffic‐related	air	pollution	(TRAP),	which	includes	both	
particulate matter and gaseous air pollutants is associated with 
wheezing and respiratory tract infections during infancy and early 
childhood, decreased lung function, and the development of 
asthma.

3. Proposed mechanisms by which particulate matter adversely 
affects the pulmonary system include oxidative stress, impaired 
respiratory tract defense mechanisms, and altered lung function 
leading to injury, inflammation, and infection.

4.	The	results	of	this	study	may	not	be	restricted	to	U.S.‐	based	
populations since the World Health Organization reports that 
traffic‐related	air	pollution	accounts	for	12%	to	70%	of	air	
pollution,	with	low‐	and	middle‐income	countries	experiencing	
this disproportionately due to old or inefficient vehicles and lack 
of public transportation services.

5. Further research is necessary to define the effects of TRAP 
versus other sources of indoor and outdoor air pollution as well 
as to determine the best ways of combatting pollution-related 
respiratory morbidities.

OTHER ARTICLES OF INTEREST
BPD DIAGNOSIS AND PHENOTYPING
Jensen EA, Dysart K, Gantz MG, McDonald S, Bamat 
NA, Keszler M, Kirpalani H, Laughon MM, Poindexter 
BB, Duncan AF, Yoder BA, Eichenwald EC, DeMauro SB. 
The Diagnosis of Bronchopulmonary Dysplasia in Very 
Preterm Infants. An Evidence-based Approach. Am J 
Respir Crit Care Med 2019; 200:751-759
Kapur N, Nixon G, Robinson P, Massie J, Prentice B, 
Wilson A, Schilling S, Twiss J, Fitzgerald DA. Respiratory 
management of infants with chronic neonatal lung 
disease beyond the NICU: A position statement from 
the Thoracic Society of Australia and New Zealand. 
Respirology 2020 Jun 8; Online ahead of print

BPD GUIDELINES
Duijts L, van Meel ER, Moschino L, Baraldi E, Barnhoorn 
M, Bramer WM, Bolton CE, Boyd J, Buchvald F, Del 
Cerro MJ, Colin AA, Ersu R, Greenough A, Gremmen 
C, Halvorsen T, Kamphuis J, Kotecha S, Rooney-Otero 
K, Schulzke S, Wilson A, Rigau D, Morgan RL, Tonia 
T, Roehr CC, Pijnenburg MW. European Respiratory 
Society guideline on long-term management of children 
with bronchopulmonary dysplasia. Eur Respir J 2020; 
55:1900788
Kapur N, Nixon G, Robinson P, Massie J, Prentice B, 
Wilson A, Schilling S, Twiss J, Fitzgerald DA. Respiratory 
management of infants with chronic neonatal lung 
disease beyond the NICU: A position statement from 
the Thoracic Society of Australia and New Zealand. 
Respirology 2020 Jun 8; Online ahead of print

BPD MANAGEMENT: HOME OXYGEN THERAPY
Hayes D Jr, Wilson KC, Krivchenia K, Hawkins SMM, 
Balfour-Lynn IM, Gozal D, Panitch HB, Splaingard ML, 
Rhein LM, Kurland G, Abman SH, Hoffman TM, Carroll 
CL, Cataletto ME, Tumin D, Oren E, Martin RJ, Baker 
J, Porta GR, Kaley D, Gettys A, Deterding RR. Home 
Oxygen Therapy for Children. An Official American 
Thoracic Society Clinical Practice Guideline. Am J Respir 
Crit Care Med. 2019; 199::e5-e23
Foglia EE, Carper B, Gantz M, DeMauro SB, 
Lakshminrusimha S, Walsh M, Schmidt B; Eunice 
Kennedy Shriver National Institute of Child Health and 
Human Development Neonatal Research Network. 
Association between Policy Changes for Oxygen 
Saturation Alarm Settings and Neonatal Morbidity and 
Mortality in Infants Born Very Preterm. J Pediat. 2019; 
209:17-22
DeMauro SB, Jensen EA, Bann CM, Bell EF, Hibbs AM, 
Hintz SR, Lorch SA. Home Oxygen and 2-Year Outcomes 
of Preterm Infants With Bronchopulmonary Dysplasia. 
Pediatrics. 2019; 143:e20182956
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BPD MANAGEMENT: RSV IMMUNOPROPHYLAXIS
Paes B, Baraldi E, Fauroux B, Carbonell-Estrany X. 
Exploring respiratory syncytial virus prophylaxis for 
children with all grades of bronchopulmonary dysplasia. 
Acta Paediatr. 2020 Jul 21; Online ahead of print
Paes BA, Saleem M, Li A, Lanctôt KL, Mitchell I; CARESS 
Investigators. Respiratory Syncytial Virus Prophylaxis 
in Immunocompromised Children: Outcomes From the 
Canadian RSV Evaluation Study of Palivizumab Registry 
Over Twelve Seasons (2005-2017). Pediatr Infect Dis J 
2020; 39:539-545
Luna MS, Manzoni P, Paes B, Baraldi E, Cossey V, 
Kugelman A, Chawla R, Dotta A, Rodríguez Fernández 
R, Resch B, Carbonell-Estrany X. Expert consensus 
on palivizumab use for respiratory syncytial virus in 
developed countries. Paediatr Respir Rev 2020; 33:35-44

BPD MANAGEMENT: ENVIRONMENTAL CONCERNS
Rice JL, McGrath-Morrow SA, Collaco JM. Indoor 
Air Pollution Sources and Respiratory Symptoms in 
Bronchopulmonary Dysplasia. J Pediatr. 2020; 222:85-9

BPD HEALTH-CARE DISPARITIES
Ryan RM, Feng R, Bazacliu C, Ferkol TW, Ren CL, Mariani 
TJ, Poindexter BB, Wang F, Moore PE; Prematurity and 
Respiratory Outcome Program (PROP) Investigators. 
Black Race Is Associated with a Lower Risk of 
Bronchopulmonary Dysplasia. J Pediatr 2019; 207:130-
135

UPDATE ON THE MANAGEMENT OF BRONCHOPULMONARY DYSPLASIA
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CHILDHOOD HEALTH CONSEQUENCES OF ELECTRONIC CIGARETTES 
Enid R. Neptune, MD

Johns Hopkins School of Medicine
Baltimore, MD

AGE OF TOBACCO PRODUCT INITIATION AS 
SUSCEPTIBILITY FACTOR FOR NICOTINE DEPENDENCE 
Sharapova S, Reyes-Guzman C, Singh T, Phillips E, 
Marynak KL, Agaku I. Age of tobacco use initiation and 
association with current use and ncotine dependence 
among US middle and high school students, 2014-2016. 
Tob Control 2020. 29:49-54.

Summary
With tobacco product use, distinct transition points 
describe the evolution from experimentation to over 
nicotine addiction. In pediatric populations, there is an 
accelerated transition from initiation of use to nicotine 
dependence. This study uses the New York Tobacco 
Survey cohort of 19,580 youth to examine whether 
initiation of tobacco product use (specifically cigarettes, 
electronic cigarettes, cigars, smokeless tobacco, hookahs) 
at age < 13 years is associated with greater daily use and 
nicotine dependence than initiation at >13years. Analysis 
showed that young age of initiation , for all tobacco 
products studied, significantly associated with both daily 
use and ever use over past 30d. Data also showed that 
young age of initiation associated with nicotine cravings 
and, except for e-cigarettes, short time to product use in 
the morning. 

Comments
1. Tobacco product initiation at age 13 years or younger is 

associated with greater current use and increased nicotine 
dependence.

2. Up to three-quarters of youth ever users of e-cigarettes, cigars, 
smokeless tobacco and hookahs initiated at <16 years of age.

3. Clear physiologic differences in risk of nicotine dependence exist 
between early and late adolescence. Approaches to prevention 
and treatment may need to be customized.

EVALI IN PEDIATRIC POPULATIONS
Adkins SH, Anderson KN, Goodman AB, Twentyman E, 
Danielson ML, Kimball A, Click ES, Ko JY, Evans ME, 
Weissman DN, Melstrom P, Kiernan E, Krishnasamy V, 
Rose DA, Jones CM, King BA, Ellington SR, Pollack LA, 
Wiltz JL. Demographics, Substance Use Behaviors, and 
Clinical Characteristics of Adolescents With e-Cigarette, 
or Vaping, Product Use-Associated Lung Injury (EVALI) 
in the United States in 2019. JAMA Pediatrics 2020. 
174:e200756.

Summary
Between the summer and fall of 2019 in the United States, 
more than 2000 cases of acute lung injury associated 
with ecigarette use were described and termed EVALI 
(ecigarette or vaping associated lung injury). Ultimately, 
the vast majority of the cases were ascribed to the use 
of the additive vitamin E acetate in illicitly or informally 
obtained vaping solutions. Since affected patients were 
disproportionately teenagers or young adults, the authors 
used database of CDC-reported cases to examine 
whether adolescent EVALI (13-17 years of age) differed 
from either young adult EVALI (18-24 years of age) or 
adult EVALI (25-49 years of age). They examined adjusted 
prevalence ratios for demographics, substance use and 
clinical characteristics. Combustible cigarette use and 
daily THC use were underrepresented in adolescent 
EVALI compared with both adult cohort. However, any 
nicotine use and use of ecigarette solutions containing 
THC and nicotine were overrepresented in adolescent 
EVALI compared to adult, but not young adult, EVALI. 
Adolescent EVALI patients were significantly more likely 
to obtain their nicotine and THC solutions from informal 
sources. ADHD was overrepresented in adolescent EVALI 
patients. History of asthma and gastrointestinal symptoms 
at EVALI presentation were both overrepresented in 
adolescent EVALI compared to adult EVALI patients.

Comments
1. Compared with adults and age proportions in general population, 

adolescents and young adults disproportionately develop EVALI. 
Diagnosis is underrepresented among NHW adolescents.

2. Adolescents with EVALI more frequently report obtaining vaping 
products and solutions from “informal sources”. 

3. Compared with adults, adolescents with EVALI more 
frequently have a history of asthma and mental, emotional or 
behavioral health disorders. They also more frequently develop 
gastrointestinal symptoms possibly reflecting vaping topography.

YOUTH TRANSITIONS FROM E-CIGARETTE TO 
COMBUSTIBLE TOBACCO USE
Berry KM, Fettermn JL, Benjamin EJ, Bhatnagar A, 
Barrington-Trimis JL, Leventhal AM, Stokes A. Association 
of Electronic Cigarette Use With Subsequent Initiation of 
Tobacco Cigarettes in US Youths. JAMA Network Open 
2019. 2:e187794.
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Summary
The MMWR Report in 2018 showed a dramatic escalation 
in youth e-cigarette use from 1.5% in 2011 to 20.8% 
in 2018. Coupled to this increase was the emerging 
evidence in observational studies and meta-analyses 
that e-cigarette users had increased odds of subsequent 
combustible cigarette initiation. The 2018 National 
Academy of Sciences Report asserted substantial 
evidence that e-cigarette use increased the risk of 
ever-using combustible cigarettes in both youth and 
adults. The authors used the Population Assessment of 
Tobacco and Health (PATH) Study cohort to examine this 
association. The study was restricted to 6123 youths 
12-15 years of age who were tobacco naïve at the Wave1 
of the study. The primary outcome was ever-use and 
current-use at wave 3 and whether the risk propensity 
score mediated this association. Both prior e-cigarette use 
and prior tobacco product use significantly associated 
with subsequent ever use and current use of combustible 
cigarettes. Youth with a high risk propensity score showed 
a positive association between prior e-cigarette use and 
prior other tobacco product use and use of combustible 
cigarettes. Surprisingly, youth with a low risk propensity 
score showed an even stronger association between 
e-cigarette use and ever or current use of combustible 
cigarettes.

Comments
1. Using e-cigarettes as one’s first tobacco product increases the 

odds of future cigarette use over 2 yr followup. The odds are 
greater than first use of all other tobacco products combined.

2. The odds of e-cigarette associated subsequent cigarette use are 
surprisingly higher in youth with low risk propensity scores than 
youth with high risk propensity scores. Propensity for risk-taking 
behaviors may not be a strong contributor to the association of 
e-cigarette use with combustible cigarette uptake in youth. 

3. Future studies should focus on the unique aspects of e-cigarette 
initiation that contribute to polytobacco use.

E-CIGARETTES AND SUBSEQUENT POLYSUBSTANCE USE
Park Eunhee, Livingston JA, Wang W, Kwon M, Eiden 
RD, Chang YP. Adolescent E-cigarette use trajectories 
and subsequent alcohol and marijuana use. Addictive 
Behaviors 2020. 103: 106213.

Summary
Co-occurrence of e-cigarette use and alcohol, tobacco 
and opioid use is well-established, especially in youth 
and young adults. Adolescents who smoke are 8 times 
more likely to use illicit drugs and 11 times more likely to 
drink alcohol. These associations are stronger in children 
than in adults. Additionally, a high persistence of cigarette 
smoking is observed even after successful treatment of 
other substance use. In this study, the authors explored 
the use of e-cigarette trajectories as a predictor of 

subsequent alcohol and marijuana use patterns among 
youth. The authors conducted an on-line observational 
study of 801 adolescents (13-15 yo) over a 2-year period. 
Their primary outcome was a latent growth analysis 
of developmental courses of e-cigarette use, alcohol 
abuse (drinking to intoxication) and marijuana use. Three 
patterns of early e-cigarette use were explored: high and 
increasing, low and increasing and never. Results showed 
that both high and increasing and low and increasing 
e-cigarette use associated with an increasing trajectory of 
subsequent alcohol abuse and marijuana use. Household 
income was negatively associated with increasing 
marijuana use trajectory in this cohort.

Comments
1. Increasing e-cigarette use trajectory, even with low initial use, 

associates with later alcohol abuse and marijuana use. 
2. Low e-cigarette use in early adolescence may be a risk marker 

for subsequent polysubstance abuse.
3. Future studies should explore differences between concurrent 

and prospective polysubstance use among adolescents who 
use e-cigarettes and the factors that contribute to increasing 
e-cigarette use during adolescence.

TREATMENT FOR PEDIATRIC NICOTINE DEPENDENCE
Gray KM, Baker NL, McClure EA, Tomko RL, Squeglia 
LM, Saladin ME, Carpenter MJ. Efficacy and Safety 
of Varenicline for Adolescent Smoking Cessation: 
A Randomized Clinical Trial. JAMA Pediatrics 2019. 
173(12):1146.

Summary
Despite escalating use of e-cigarettes among youth 
and the tethered increased prevalence of high nicotine 
dependence, no studies of nicotine dependence 
interventions have been conducted in pediatric or 
adult populations of e-cigarette users. Limited and 
methodologically flawed studies exploring tobacco 
dependence interventions in youth smokers have not 
shown convincing efficacy evidence with either nicotine 
replacement therapies or with bupropion. This study was 
a two-group, single center randomized placebo-controlled 
double-blind trial of varenicline in treatment-seeking 
adolescent or young adult smokers aged 14-21 years 
of age. The study involved a 12-week treatment course 
with brief initial counseling. The primary efficacy outcome 
was biochemically- confirmed 7 day abstinence using 
two methods and a safety assessment. The cohort was 
overrepresented young adults with a mean age of 19.1 in 
the treatment and control groups. Despite this, the results 
showed no efficacy of varenicline for smoking cessation at 
12 weeks. Significant attrition resulted in a loss of 43% of 
enrollees at end of study. Increased biochemical efficacy 
in the varenicline group was observed during active 
treatment. Confounders such as concurrent e-cigarette 



PEDIATRIC YEAR IN REVIEW

8 CHILDHOOD HEALTH CONSEQUENCES OF ELECTRONIC CIGARETTES

and other tobacco product use as well as polysubstance 
use during the study both potentially compromising 
biochemical efficacy data and overall abstinence 
behaviors respectively.

Comments
1. Varenicline, in combination with brief counseling, did not promote 

long-term smoking cessation in a cohort of teenagers and 
young adults but concerning confounders. However, it was well 
tolerated.

2. Varenicline with counseling may hasten abstinence during active 
treatment, possibly reflecting a reinforcement effect. Distinct 
transition mechanisms should be further examined in cohort.

3. Study highlights need for customized therapies for nicotine-
dependent youths, e.g. multiple substance abusers, high 
levels of dependence. Alternative trial designs that are less 
burdensome might reduce attrition in adolescents and teens. 

OTHER ARTICLES OF INTEREST
Loughlin JO, Sylvestre MP, Labbe A, Low NC, Roy-
Gagnon MH, Dugas EN, Karp I, Engert JC. Genetic 
Variants and Early Cigarette Smoking and Nicotine 
Dependence Phenotypes in Adolescents. Plos One 2014 
9(12):e115716. 

Hartnett, KP, Kite-Powell A, Patel MT, Haag BL, Sheppard 
MJ, Dias TP, King BA, Melstrom PC, Ritchey MD, Stein 
Z, Idaikkadar N, Vivolo-Kantor AM, Rose DA, Briss 
PA, Layden JE, Rodgers L, Adjemian J. Syndromic 
Surveillance for E-Cigarette, or Vaping, Product Use 
Associated Lung Injury. N Engl J Med 2020 382(8):766. 

Hammond D, Reid JL, Rynard VL, Fong GT, Cummings 
KM, McNeill A, Hitchman S, Thrasher JF, Goniewicz 
ML, Bansal-Travers M, O’Connor R, Levy D, Borland R, 
White CM. Prevalence of vaping and smoking among 
adolescents in Canada, England, and the United States: 
repeat national cross sectional surveys. BMJ 2019 
365:12212. 

Aleyan S, Gohari MR, Cole AG, Leatherdale ST. Exploring 
the Bi-Directional Association between Tobacco and 
E-Cigarette Use among Youth in Canada. Int. J. Environ. 
Res. Public Health 2019 16:4256. 

Mayer ME, Kong G, Barring-Trimis JL, McConnell R, 
Leventhal AM, Krishnan-Sarin S. Blunt and Non-Blunt 
Cannabis Use and Risk of Subsequent Combustible 
Tobacco Product Use Among Adolescents. Nicotine & 
Tobacco Research 2019 22(8):1409. 

Selph S, Patnode C, Bailey SR, Pappas M, Stoner 
R, Chou R. Primary Care-Relevant Interventions for 
Tobacco and Nicotine Use Prevention and Cessation in 
Children and Adolescents. JAMA 2020 323(16):1599.



PEDIATRIC YEAR IN REVIEW

9 UPDATE ON NEUROMUSCULAR DISEASE ASSESSMENT AND TREATMENT

UPDATE ON NEUROMUSCULAR DISEASE ASSESSMENT AND TREATMENT 
Oscar Henry Mayer, MD

The Children’s Hospital of Philadelphia
Department of Pediatric Pulmonology

Philadelphia, PA

ASSESSMENT OF RESPIRATORY FUNCTION IN 
DUCHENNE MUSCULAR DYSTROPHY
McDonald CM, Gordish-Dressman H, Henricson EK, Tina 
D, Joyce NC, Jhawar S, et al. Longitudinal pulmonary 
function testing outcome measures in Duchenne 
muscular dystrophy: Long-term natural history with and 
without glucocorticoids. Neuromuscular Disorders 2018 
Nov 1;28(11):897–909.

Summary
The Collaborative International Neuromuscular Research 
Group (CINRG) Duchenne Muscular Dystrophy (DMD) 
conducted the Duchenne Natural History Study (DNHS) 
at 20 sites internationally since 2006. Data were collected 
at 3, 6, 9, 12, 18, and 24 months and then annually 
thereafter. 397 patients completed at least one study visit 
and there were 2822 total discrete data encounters. The 
sum data demonstrated a significant positive correlation 
between loss of upper extremity function, as defined by 
the Brooke score, and a decline in FVC as a percent of 
predicted (FVC%). The data were divided into 2 cohorts 
of patients based on glucocorticoid (GC) use or not. In 
patients on GC the FVC% remained stable until 10 years 
of age after which it began to decline, while in patients 
not on GS the FVC% started declining at 7 years of age; 
however, the rate of decline was not significantly different. 
In addition, patients on GC had a peak FVC had a peak 
FVC (L) occurring 5 years later and at a mean volume 
almost 200 mL higher than patients not on GC. Finally, the 
age at which FVC (L) declined below 1 L was 3 years later 
in patients on GC. Once the FVC (L) declined below 1 L 
there was a 4-fold increased risk of death. There was a 
very close correlation between FVC% and peak expiratory 
flow percent predicted (PEF%) with nearly identical rates 
of decline. MIP% and MEP% also showed a similar 
relationship with a delay in the rate of decline of about 
3 years in patients on GC compared to GC non-users; 
however, the maximal values for MIP% and MEP% were 
already low at entry to the study and declined at a lower 
rate through the study.

Comments
1. The use of glucocorticoids delays the onset of loss of lung 

function by 3 years.
2. Use of glucocorticoids does not delay the rate of decline of lung 

function

3.	There	is	a	similar	trend	in	the	rate	of	decline	of	PEF%	as	for	
FVC%.	

Barnard AM, Lott DJ, Batra A, Triplett WT, Forbes SC, 
Riehl SL, et al. Imaging respiratory muscle quality and 
function in Duchenne muscular dystrophy. Journal of 
Neurology; 2019 Jul 26;266(11):2752–63.

Summary
Duchenne muscular dystrophy (DMD) causes a 
progressive loss of skeletal and cardiac muscle function 
and both muscle atrophy and fatty infiltration has been 
well characterized using magnetic resonance imaging 
(MRI) of the muscles of the thigh and the structural 
changes correlated well to measures of function. While 
the diaphragm is too thin to allow similar measures of 
atrophy and fatty infiltration, dynamic MRI imaging can 
be used to measure diaphragm motion and chest wall 
excursion during tidal breathing. However, the muscles 
of exhalation and thoracic support, rectus abdominus, 
external oblique, internal oblique, psoas, and paraspinals, 
are large enough to be evaluated. 36 subjects with 
DMD and 12 age-matched unaffected subjects were 
studied. Forced vital capacity (FVC), peak cough flow 
(PCF), maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP) were collected along with 
dynamic MRI imaging for chest and diaphragm motion 
and static MRI imaging for assessment of fat fraction 
(FF). On dynamic imaging DMD patients had a lower 
sagittal plane and craniocaudal expansion on both tidal 
and maximal inspiration and this correlated positively 
with FVC%. MIP correlated positively with the extent of 
diaphragm descent, and MEP correlated with the extent of 
inward chest wall motion and elevation of the diaphragm 
during exhalation. FF of the expiratory muscles increased 
with age in subjects with DMD. However, FF was not 
correlated with PCF and explained only 10% of the 
variance in MEP% beyond age alone.

Comments
1. MRI imaging can be used to measure respiratory motion and the 

longitudinal change. 
2. The dynamic MRI measurements correlate to pulmonary function 

measures of volume and force
3. Fat fraction of the expiratory muscles increases with age in DMD
4. Increase in fat fraction in the expiratory muscles does not closely 

correlate to PCF or MEP. 
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Pennati F, Arrigoni F, LoMauro A, Gandossini S, Russo A, 
D’Angelo MG, et al. Diaphragm Involvement in Duchenne 
Muscular Dystrophy (DMD): An MRI Study. Journal of 
Magnetic Resonance Imaging 2019; 51(2):461–71.

Summary
As the primary inspiratory muscle and one that is 
dramatically impacted in DMD the diaphragm is the 
respiratory muscle of interest. Pennati, et.al. were able 
to produce MRI imaging with the precision to measure 
not only fat fraction of the crural diaphragm, but also to 
evaluate dynamic diaphragm motion and the change in 
contour during contraction. In 26 subjects with DMD and 
12 age-matched controls static MRI measurements were 
made at full expiration and inspiration, spirometry was 
performed, and thoracoabdominal motion was assessed 
using optoelectronic plethysmography. Fat fraction 
increased in both the diaphragm and paraspinal muscles, 
used as a control, with age in subjects with DMD, 
but remained stable in the control subjects. Similarly 
diaphragm excursion, both total, in the dome and along 
the rib cage, decreased with age in DMD and remained 
unchanged in controls. Both fat fraction was higher and 
diaphragm excursion lower in subjects over 15 years of 
age compared to younger subjects. There was a strong 
positive correlation between FVC%, FEV1% and PEF% 
and diaphragm excursion and a negative correlation 
with fat fraction. Similarly, there was a strong positive 
correlation between inspiratory capacity and diaphragm 
excursion and a negative correlation with fat fraction. As 
expected there is a strong negative correlation between 
fat fraction and diaphragm excursion.

Comments
1. Fat fraction of the diaphragm can be accurately assessed by 

MRI and it increases with disease progression.
2. Diaphragm fat fraction is negatively correlated with diaphragm 

motion. 
3.	FVC%,	FEV1%	and	PEF%	decreased	with	increasing	fat	fraction.

SPINAL MUSCULAR ATROPHY THERAPY 
Al-Zaidy S, Pickard AS, Kotha K, Alfano LN, Lowes L, Paul 
G, et al. Health outcomes in spinal muscular atrophy 
type 1 following AVXS-101 gene replacement therapy. 
Pediatric Pulmonology. 2018 Dec; 12;20:27–7.

Summary
Spinal muscular atrophy (SMA) is caused by the 
homozygous deletion of the survival motor neuron 
1 (SMN1) gene and rely on the residual less efficient 
transcription of the paralogous SMN2 gene to produce 
usable SMN protein. Al-Zaidy, et.al. report the respiratory 
outcomes of 12 subjects with SMA-1 with 2 copies of 
SMN2 who received AVXS-101 (SMN1 gene delivered in 
an AAV-9 vector) at a mean of 6.3 months. While at vector 

dosing threes subjects required non-invasive ventilation 
(NIV) and two started it during acute illnesses, no patients 
died or required permanent ventilation (> 16 hours/day for 
> 14 days) and their need remained stable. There was a 
total of 10 patients who had at least one acute respiratory 
illness and of these three patients were started on NIV, 
but were weaned from it before hospital discharge. There 
were fewer hospital days compared to untreated external 
controls. Through the study bulbar function improved 
substantially with an increase in the number of patients 
able to swallow thin liquids and swallow well enough to 
allow oral feedings, and of the 7 patients exclusively orally 
fed at dosing 6 remained so at 2 years. 

Comments
1.	Patients	receiving	AVXS-101	did	not	progress	to	respiratory	

failure as would be expected by natural history.
2. The patients who received NIV during an acute illness could be 

weaned from it at the end of the illness.
3. Patients had fewer hospital days.
4. Bulbar function allowing swallowing and oral feeding improved or 

was preserved well above natural history. 

De Vivo DC, Bertini E, Swoboda KJ, Hwu W-L, Crawford 
TO, Finkel RS, et al. Nusinersen initiated in infants during 
the presymptomatic stage of spinal muscular atrophy: 
Interim efficacy and safety results from the Phase 2 
NURTURE study. Neuromuscular Disorders 2019 Nov 
1;29(11):842–56

Summary
Nusinersen (Zolgensma®) is an antisense oligonucleotide 
that increases the efficiency of transcription of the SMN2 
gene to produce functional SMN protein. The efficacy 
was established based on the ENDEAR study of infants 
the SMA-1 and the CHERISH study of SMA-2. De Vivo, 
et.al. report data from the NURTURE study of 25 infants 
with genetically confirmed SMA-1 who were dosed pre-
symptomatically. All subjects were dosed with nusinersen 
before 6 weeks of age. The primary endpoint was time 
to death or > 6 hours of mechanical ventilation for > 
days or invasive ventilation via tracheostomy tube and 
the secondary endpoints were motor function and nerve 
function studies. By 12 months no patients had died or 
required mechanical ventilation. Through the study 4 
subjects reached the endpoint of > 6 hours of mechanical 
ventilation; however, two were weaned successfully from 
ventilation and by the end of study monitoring one of the 
two remaining subjects required ventilation for 10 hours 
daily and the other for two. None of the subjects with 
3 copies of SMN2 reached the endpoint. Similar trends 
were seen with motor function with 90% of subjects with 
3 copies of SMN2 attaining normal infant motor function 
and over 60% of subjects with 2 copies of SMN2 reaching 
normal motor milestones.

UPDATE ON NEUROMUSCULAR DISEASE ASSESSMENT AND TREATMENT
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Comments
1. Early presymptomatic treatment with nusinersen in SMA-1 allows 

for near normal motor function development
2. Almost no patients with SMA-1 started on nusinersen early 

developed respiratory failure
3. The vast majority of patients with SMA-1 treated with nusinersen 

had normal motor function development
4. Patients with SMA-1 and 3 copies of SMN2 had better functional 

outcomes than patients with 2 copies of SMN2.

OTHER ARTICLES OF INTEREST
Finkel RS, Mercuri E, Darras BT, Connolly AM, Kuntz NL, 
Kirschner J, et al. Nusinersen versus Sham Control in 
Infantile-Onset Spinal Muscular Atrophy. New England 
Journal of Medicine. 2017 Nov 2;377(18):1723–32.

Mercuri E, Darras BT, Chiriboga CA, Day JW, Campbell 
C, Connolly AM, et al. Nusinersen versus Sham Control 
in Later-Onset Spinal Muscular Atrophy. New England 
Journal of Medicine. 2018 Feb 15;378(7):625–35.

Mendell JR, Al-Zaidy S, Shell R, Arnold WD, Rodino-
Klapac LR, Prior TW, et al. Single-Dose Gene-
Replacement Therapy for Spinal Muscular Atrophy. New 
England Journal of Medicine. 2017 Nov 2;377(18):1713–
22.

Willcocks RJ, Rooney WD, Triplett WT, Forbes SC, 
Lott DJ, Senesac CR, et al. Multicenter prospective 
longitudinal study of magnetic resonance biomarkers in 
a large duchenne muscular dystrophy cohort. Annals of 
Neurology. 2016 Apr;79(4):535–47.

Henricson EK, Abresch RT, Cnaan A, Hu F, Duong 
T, Arrieta A, et al. The cooperative international 
neuromuscular research group Duchenne natural history 
study: Glucocorticoid treatment preserves clinically 
meaningful functional milestones and reduces rate of 
disease progression as measured by manual muscle 
testing and other commonly used clinical trial outcome 
measures. Muscle Nerve. 2013 May 6;48(1):55–67.
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UPDATE ON NEW TREATMENTS FOR ASTHMA
Louise Fleming, MBChB, MRCPCH, MD

Imperial College, London National Heart and Lung Institute
London, United Kingdom

MANAGEMENT OF MILD ASTHMA
Sumino K, Bacharier LB, Taylor J, Chadwick-Mansker K, 
Curtis V, Nash A, Jackson-Triggs S, Moen J, Schechtman 
KB, Garbutt J, Castro M. A Pragmatic Trial of Symptom-
Based Inhaled Corticosteroid Use in African-American 
Children with Mild Asthma. J Allergy Clin Immunol Pract 
2020; 8: 176-185 e172.

Summary
Since 2019 the Global Initiative for Asthma (GINA) has 
no longer recommended treating adults and adolescents 
with short acting beta agonists (SABA) alone, due to 
concerns about the safety of SABA only treatment. For 
adults and adolescents with mild asthma, symptom 
driven management is recommended to reduce the risk 
of exacerbations. However, there is a lack of evidence in 
younger children to support such a fundamental change 
in this age group. This study compared symptom based, 
as needed inhaled corticosteroids (ICS), used whenever 
SABA were needed, with regular ICS in 206 African 
American children with mild asthma. There were no 
significant differences in changes in Asthma Control Test 
score (or childhood ACT), exacerbations or lung function 
between the groups. However, those in the intermittent 
ICS group used significantly less ICS than the regular 
group (526mcg/month (95% CI, 412 – 639mcg/month) 
versus 1961mcg/month (95% CI, 1681 – 2241mcg/
month); p<0.001).

Comments
1. The treatment regimens were equally effective; however, those in 

the intermittent arm were exposed to significantly less ICS
2. In contrast to recent as needed ICS-formoterol studies in adults 

and adolescents, the participants in this study had separate ICS 
and SABA inhalers and there was no SABA only arm

3. This was a pragmatic, open label real world study, thus it is likely 
to have good external validity

4. Both groups reported high satisfaction with the management 
strategy; however more children and their caregivers in the 
intermittent group felt that they were managing their asthma, 
rather than their Primary Care Physician 

5. Although this study provides further evidence for the utility of 
symptom driven intermittent ICS for children with mild asthma, 
further evidence is still needed before this strategy can be 
recommended for all children with mild asthma.

ADD ON TREATMENT FOR CHILDREN WITH PERSISTENT 
ASTHMA
Wechsler ME, Szefler SJ, Ortega VE, Pongracic JA, 
Chinchilli V, Lima JJ, Krishnan JA, Kunselman SJ, Mauger 
D, Bleecker ER, Bacharier LB, Beigelman A, Benson M, 
Blake KV, Cabana MD, Cardet JC, Castro M, Chmiel JF, 
Covar R, Denlinger L, DiMango E, Fitzpatrick AM, Gentile 
D, Grossman N, Holguin F, Jackson DJ, Kumar H, Kraft 
M, LaForce CF, Lang J, Lazarus SC, Lemanske RF, Jr., 
Long D, Lugogo N, Martinez F, Meyers DA, Moore WC, 
Moy J, Naureckas E, Olin JT, Peters SP, Phipatanakul W, 
Que L, Raissy H, Robison RG, Ross K, Sheehan W, Smith 
LJ, Solway J, Sorkness CA, Sullivan-Vedder L, Wenzel 
S, White S, Israel E, AsthmaNet N. Step-Up Therapy 
in Black Children and Adults with Poorly Controlled 
Asthma. N Engl J Med 2019; 381: 1227-1239.

Summary
In children with poor asthma control despite low dose 
inhaled corticosteroid (ICS), step up options include 
addition of a long acting beta agonist (LABA) or 
increasing the ICS dose. However, in most previous 
studies comparing step up treatments only a minority 
of participants were black. In this study participants of 
black heritage were enrolled in one of two double blind 
randomized placebo controlled cross over trials (one 
in 280 children and the other in 294 adolescents and 
adults) comparing four different step up regimes: doubling 
or quintupling the dose of ICS with or without LABA. 
Most children had a differential response to one of the 
treatments whereas 20-25% of adults and adolescents 
did not have a differential outcome.

Comments
1. The primary outcome was a hierarchical composite measure that 

sequentially evaluated asthma exacerbations, asthma control 
days and FEV1 to determine differential response to each of the 
regimens. 

2. In adults and adolescents addition of LABA was more likely to 
produce a superior response than increasing the dose of ICS; 
whereas almost half the children had improved outcomes with 
an increase in the dose of ICS

3.	In	children	the	highest	dose	of	ICS	(fluticasone	500mcg/day)	was	
associated with a decrease in urinary free cortisol, suggesting a 
degree of adrenal suppression
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4. Differential responses were not related to patterns of genetic 
markers associated with African ancestry, phenotypic or 
biomarker characteristics

5. Whilst this complex study may not help to guide choice of step 
up treatment in the individual child; it highlights that results 
cannot be extrapolated between cohorts of different age groups 
and ethnicities.

MANAGEMENT OF SEVERE ASTHMA: MEPOLIZUMAB
Gupta A, Ikeda M, Geng B, Azmi J, Price RG, Bradford 
ES, Yancey SW, Steinfeld J. Long-term safety and 
pharmacodynamics of mepolizumab in children with 
severe asthma with an eosinophilic phenotype. J Allergy 
Clin Immunol 2019; 144: 1336-1342 e1337.

Summary
Mepolizumab, the monoclonal antibody to IL-5 was 
approved for use in children aged 6 -11 years by the 
FDA in September 2019. The approval was largely 
based on this open label study that investigated the 
pharmacokinetics pharmacodynamics and safety of 
mepolizumab. Thirty-six children were enrolled in the initial 
12-week study, of whom 29 entered the extension phase 
and received treatment for 52 weeks. Adverse events 
were similar in nature and frequency to those reported in 
adult and adolescent Phase III studies. 

Comments
1. Data from the 36 children enrolled in this study were compared 
to	over	1800	adults	(of	whom	34	were	adolescents)	enrolled	in	
the four Phase 3 studies for mepolizumab and were reported as 
“comparable”

2. Although efficacy data are reported, there was no comparator 
placebo	group	and	almost	50%	of	children	had	an	asthma	
attack on mepolizumab

3. Blood eosinophils counts remained suppressed up to 4 weeks 
post final mepolizumab dose

4. Real world studies of mepolizumab are needed in children and 
adolescents to assess the efficacy, effectiveness and markers of 
response.

MACROLIDES FOR ACUTE EPISODES OF ASTHMA AND 
PRE SCHOOL WHEEZE
Pincheira MA, Bacharier LB, Castro-Rodriguez JA. 
Efficacy of Macrolides on Acute Asthma or Wheezing 
Exacerbations in Children with Recurrent Wheezing: A 
Systematic Review and Meta-analysis. Paediatr Drugs 
2020; 22: 217-228

Summary
The role of antibiotics in the management of acute wheeze 
and asthma attacks remains contentious. This systematic 
review included randomized controlled trials of macrolides 
compared to placebo or standard treatment given for 

acute attacks in children up to 18 years of age. Only three 
studies met the eligibility criteria; 2 in pre school wheeze 
and one for asthma attacks in school aged children. 
Children treated with macrolides had a shorter time to 
resolution than the comparator group; there was no 
difference in hospitalizations or time to next episode.

Comments
1. Meta-analysis was possible for only one outcome variable (time 

to next episode) in view of the heterogeneity and distribution of 
the data

2. It is likely that potential benefit from macrolides is due to their 
immunomodulatory and anti-inflammatory properties rather than 
antimicrobial; however, the precise mechanism of action is not 
known

3. In view of the limited evidence and concerns around macrolide 
resistance, antibiotics should continue to be used judiciously for 
acute attacks of asthma and wheeze

4.	In	one	study	69%	of	potentially	eligible	children	were	excluded	
because	they	had	received	antibiotics	within	the	previous	30	
days.

LONG TERM OUTCOMES OF PAEDIATRIC ASTHMA
Fleming M, Fitton CA, Steiner MFC, McLay JS, Clark 
D, King A, Mackay DF, Pell JP. Educational and health 
outcomes of children treated for asthma: Scotland-wide 
record linkage study of 683 716 children. Eur Respir J 
2019; 54.

Summary
New treatments and novel management strategies are 
needed to improve asthma control and improve long 
term outcomes for young people with asthma. This study 
linked health and education data in over 680 000 Scottish 
children, of whom 45 900 had asthma. Those with asthma 
had lower educational attainment, performed worse in 
school exams, had higher absenteeism and were more 
likely to have special educational needs for mental health 
reasons than their peers.

Comments
1. This is the one of the largest non-selective population-based 

studies of long-term health, educational and social outcomes of 
children with asthma 

2. The poorer educational outcomes in children with asthma are 
largely related to absenteeism

3. Developing strategies to improve school attendance is key
4. The changes in delivering asthma care and treatments brought 

about by the COVID pandemic could help to address these 
needs. 
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OTHER ARTICLES OF INTEREST
Global Initiative for Asthma: Global strategy for asthma 
management and prevention 2020 Available from www.
ginasthma.org. Date last accessed July 2020. 
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187.
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