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Learning 
Objectives
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Recognize uncommon causes 
of chronic respiratory 

symptoms

Describe clinical features that 
guide diagnostic workup 

Discuss diagnostic criteria and 
recommended evaluations 

Identify evidence-based 
management of rare 

pulmonary conditions

Burden 
of 

Disease

• Respiratory symptoms are 
one of the most common 
reasons to see a healthcare 
provider 

• 75%  of children will have 5 or 
more visits for chronic cough 
(14% have more than 15 visits)

• Significant negative effect on 
quality of life

• Cost to families
• Cost to healthcare system
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Case Study
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HPI:
14 yr old male, previously healthy, 
dx with URI 4 weeks ago, 
presenting for persistent cough 

Subjective:
- cough throughout day and night
- no improvement with 
bronchodilators or steroids
- cough at rest and with activity
- afebrile
- denies congestion, rhinorrhea

Objective:
- decreased breath sounds on left
- PFTs with decreased lung volumes
- trachea slightly shifted to the right
- heart sounds best heard towards 
center of chest
- left side of chest hyperressonant
with percussion

What is the most likely diagnosis?

• Pleural effusion
• Pneumothorax
• Pulmonary Cystic Lesion
• Mainstem foreign body
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CPAM/CCAM

• Type I

• Type II

• Surgical intervention
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Diaphragmatic 
hernia

• Cardiac effects
• Pulmonary effects
• Nutrition
• Repair
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Malignancies

• Lymphoma

• Neuroblastoma

• Metastasis 
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Diagnosis and Treatment

• Chest xray

• Chest CT

• PFTs

• Biopsy
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Diagnosis Treatment

• Dependent on lesion

Case Study
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HPI: 
-3 y.o. male with allergic rhinitis, 
recurrent infections, recurrent 
fevers, and seizure disorder

Subjective:
-Recurrent ear infections
-Recurrent sinusitis
-Pneumonia x 3
-Recurrent low-grade fevers (99.5-
100.3)

Objective:
-Chest xray with perihilar opacities 
LLL
-CBC, IgG, IgA, IgM, IgG subclasses 
normal
-Weak antibody response to 23 
valent unconjugated pneumococcal 
vaccine

What is the most likely diagnosis?

• Activated PI3K Delta Syndrome (APDS)
• Severe Combined Immunodeficiency
• Specific Antibody Deficiency (SAD)
• Common Variable Immune Deficiency
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Specific Antibody Deficiency (SAD)
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Primary immunodeficiency characterized by normal immunoglobulins 
but inability to produce antibodies to specific microorganisms

Recurrent otitis media, sinusitis, and upper and lower respiratory tract 
infections. Strep Pneumoniae is the main pathogen.

Poor antibody response to polysaccharide vaccine

SAD Phenotypes

14

Mild- Failure to generate protective titers to multiple 
serotypes or failure of a 2-fold increase in 70% of serotypes 

Moderate- <70% of serotypes protective (>6 y.o.) <50% of 
serotypes protective (<6 y.o.)

Severe- <2 protective serotypes

Memory- Adequate initial response but loss of response with 
6 months

Diagnosing Specific Antibody Deficiency

• Comprehensive hx and PE

• Chest x-ray

• Immunological evaluation

• Normal Immune globulins

• Baseline streptococcal antibodies-
if weak response administer 23 
valent unconjugated 
pneumococcal vaccine and repeat 
in 4-6 weeks

• If poor response-SAD
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Diagnostic Evaluation Treatment/Management

• Refer to Immunology, ENT, 
Pulmonology

• Reimmunize with conjugate 
pneumococcal vaccines. 

• Prophylactic antibiotics
• Azithromycin 5 mg/kg 3xs/week

• TMP-SMX 5 mg/kg 1-2xs/day 

• IVIG or SCIG

Primary Immunodeficiency

• More than 450 conditions of impaired immune function
• Also known as Inborn Error of Immunity (IEI)
• US Prevalence 1:2000
• Infections are recurrent, prolonged, and severe
• Uncommon organisms
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Baseline Immunological Evaluation
MiscellaneousPhagocytosisComplementT Cells 

(cellular
immunity)

B Cells 
(Humoral 
immunity)

Genetic testingDHRC3
C4
CH50

Thymocyte
subpopulation. 
Lymphoproliferatio
n

Immunoglobulins:
G,A,M,E

Quantity

Delayed
hypersensitivity
skin test. 
Specific antibodies: 
(measles, rubella, 
chickenpox)

Specific antibody
immunizations
(Strep Pneumo: 23 
serotypes)Quality

Case Study
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HPI:
17 yr old female, hx of asthma, presents 
for a persistent non-productive cough, 3 
weeks ago had illness with concern for 
meningitis and spinal tap was 
performed

Subjective:
- cough not responsive to 
bronchodilators or steroids
- sometimes feels like she is going to 
“pass out” with cough
- often feels a “burning” sensation in her 
head and tingling in her fingers with 
cough
- has not been sleeping well, has 
excessive daytime fatigue

Objective:
- lung exam unremarkable
- PFTs normal
- cobblestoning in pharynx
*** 

What is the most likely diagnosis?

• Eosinophilic esophagitis
• Postnasal drip-induced cough
• Chronic Sinusitis
• Cerebral spinal fluid leak
• Chiari Malformation
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Chiari Malformation
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Cerebellum extends into the spinal canal, present at birth.

Different degrees of severity

Symptoms are dependent on level of herniation
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Chiari Malformation

• Comprehensive hx and PE

• MRI/CT

• Polysomnogram
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Diagnostic Evaluation Treatment/Management

• Surgery

Case Study
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HPI: 
4 y.o. female with history of 
chronic cough, congestion, and 
recurrent ear infections.

Subjective:
-Born full term 
-Required oxygen shortly after 
birth for respiratory distress
-Daily cough and congestion 
since age 3 months

Objective:
-Dextrocardia and atelectasis on 
chest x-ray
-Nasal nitric oxide 50 nl/min
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What is the most likely diagnosis?

• Primary Ciliary Dyskinesia (PCD)
• Cystic Fibrosis
• Bronchopulmonary Dysplasia
• Severe Persistent Asthma
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Primary Ciliary Dyskinesia (PCD)
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PCD is a heterogeneous, autosomal recessive genetic disease 
characterized by a dysfunction of motile hair cells (cilia) present in 
respiratory and gonadal tissues

Neonatal respiratory distress, chronic oto-sino-pulmonary disease 
male infertility and laterality of the organs in 50% of cases

Rare-estimated US incidence is 1:15,000-1/30,000 live births

PCD
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Respiratory Cilia
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Embryonic Cilia
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Respiratory Cilia

A defect in the ultrastructure of the cilia or its function results in a 
dysfunctional or immobile cilia producing abnormalities in 

mucociliary clearance.

ATS: Diagnostic Algorithm for PCD

1. Did you have unexplained neonatal respiratory 
distress in full-term infants?

2. Daily cough year-round starting before 6 months 
of age?

3. Daily nasal congestion that started before 6 
months of age? 

4. Organ laterality defect?

No

Yes

Does the patient have 2 of the 4 key features for PCD?

PCD Unlikely

ATS: Diagnostic Algorithm for PCD

Nasal nitric oxide (nNO) testing at a specialized center AND a cooperative patient >5 years old

High chances of PCD, if Cystic Fibrosis is excluded. 

-Repeat nNO. If the level remains low, obtain genetic testing and 
electron microscopy

Yes

- Nasal nitric oxide level

Low 
(<77nL/min) Normal

Diagnosis of PCD unlikely.
Perform genetic testing if the clinical 

picture is suggestive

ATS: Diagnostic Algorithm for DCP

Genetic Testing

Ciliary ultrastructure electron microscopy

Nitric Oxide not available or patient < 5 years

Biallelic
pathogenic

variants
Unique

pathogenic
variant

No 
pathogenic

variants

Diagnosis of 
PCD

29 30

31 32



Ciliary ultrastructure electron microscopy

Ciliary ultra-
structural defect

Normal Ciliary
Structure

PCD PossibleDiagnosis of 
PCD

Electron Microscopy  
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Ultrastructural defects of the cilia

Normal Absent
external arm

Absent
external

and 
internal

arms

Central 
complex

abnormalities

Central 
disorganization

Diagnosing PCD

• Comprehensive hx and PE

• Chest x-ray

• Immunological evaluation

• Nasal nitric oxide levels

• Nasal biopsy for evaluation of cilia 
via electron microscopy and high-
speed video microscopy

• Genetic testing
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Diagnostic Evaluation Treatment/Management
• Refer to PCD Center or Pediatric 

Pulmonology
• Mucociliary Clearance with 

percussion vest, bronchodilators, 
and hypertonic saline

• Inhaled Tobramycin 300 mg BID (for 
pseudomonas)

• Aggressive antibiotic treatment for 
exacerbations

• Prophylactic antibiotics
• Azithromycin 250 mg 3xs/week

• Exercise
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Summary of 
Treatment for PCD 

• Airway clearance at least daily (more frequent with 
exacerbations and illness)

• Azithromycin three times per week when frequent 
respiratory illness occur

• 14-21 days of oral antibiotics for acute respiratory 
exacerbations

• Aerobic exercise daily

• Inhaled antibiotics for eradication of new P 
aeruginosa culture

• Standard vaccinations including influenza vaccine, 
COVID vaccine, extend serotype pneumococcal 
vaccine

37

Summary of Disease Monitoring for PCD

Follow up with pulmonologist 2-4 times per year

Spirometry and respiratory culture at least every 2 years

Evaluation for organ laterality at time of PCD diagnosis

CT scan after confirmed PCD diagnosis

ENT and audiology referral
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Case Study
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HPI:
15 y/o male with hx of poorly 
controlled asthma presents with 
worsening control despite an 
increase in medications

Subjective:
- (+) cough, dyspnea, intermittent 
chest discomfort
- increase in expectorated mucous, 
brown in color
- increasingly fatigued, mild weight 
loss

Objective:
- tachypnea
- (+) wheezing and rhonchi
- PFTs show a partially reversible 
airflow obstruction

What is the most likely diagnosis?

• Persistent/Protracted Bacterial Bronchitis
• Allergic Bronchopulmonary Aspergillosis (ABPA)
• Severe asthma with fungal sensitivity
• Eosinophilic granulomatosis with polyangiitis (Churg-Strauss 

syndrome)
• Pulmonary tuberculosis
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Allergic Bronchopulmonary Aspergillosis (ABPA

41

Hypersensitivity reaction

Most common agent: Aspergillus Fumigatus

Poorly controlled asthmatic, mucociliary clearance disorders, 
immunosuppressed
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Bronchiectasis
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Diagnosis and Treatment

• CXR/CT

• PFTs

• Total eosinophil count (>500 
cells/microL)

• Total serum IgE (>1000 IU/mL)

• Aspergillus IgE/IgG (positive)
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Diagnosis Treatment

• Anti-inflammatory (corticosteroids)

• Antifungals 

• Antibiotics

• Anti-IgE

• Serial monitoring
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Case Study
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HPI: 
2 y.o.  With chronic wet cough, 
recurrent respiratory infection, 
and failure to thrive

Subjective:
-Chronic wet cough “since birth”
-Chronic nasal congestion
-Chronic diarrhea

Objective:
Crackles on exam
Height and weight <5th%

What is the most likely diagnosis?

• Bronchiectasis
• Cystic Fibrosis
• Interstitial Lung Disease
• Chronic Bronchitis
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Cystic Fibrosis (CF)
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Cystic fibrosis (CF) is an autosomal recessive disease caused by a 
mutation in the CF transmembrane conduction regulator (CFTR) 
gene, which affects various organs

In the airways, CFTR dysfunction causes depletion of periciliary 
fluid and makes mucus thick and dehydrated, resulting in luminal 
obstruction and bronchial infection

Diagnosis based on sweat chloride electrolytes

Normal Respiratory Epithelium

The CFTR is a chlorine channel that
maintains the hydrated periciliary
layer
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Mucociliary Clearance 

Leit, et al. 2016 

Normal                     CF                        PCD

Cystic Fibrosis    vs  Primary Ciliary Dyskinesia
P R I M A R Y  C I L I A R Y  
D Y S K I N E S I A

C Y S T I C  F I B R O S I SC L I N I C A L  
F E A T U R E S

++++++++Bronchiectasis

++++_Neonatal respiratory distress

++++++++Chronic sinusitis

++++Nasal Polyps

+++++Otitis media

+++_Laterality defects

++++++++Masculine infertility

++_Congenital heart defects

+_Hydrocephalus

+_Retinitis pigmentosa

_++++Pancreatic Insufficiency

_++Diabetes

+++Biliary cirrhosis

Diagnosing Cystic Fibrosis

• Comprehensive hx and PE

• Newborn screen

• Chest x-ray

• Sweat chloride Test

• Immunological Evaluation

• Nasal nitric oxide levels

• Genetic testing
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Diagnostic Evaluation Treatment/Management
• Refer to CF Center or Pediatric Pulmonology

• Mucociliary Clearance with percussion vest, 
bronchodilators, and hypertonic saline

• Inhaled Tobramycin 300 mg BID (for 
pseudomonas)

• Inhaled Dornase Alfa daily

• Tricafta

• Aggressive antibiotic treatment for 
exacerbations

• Prophylactic antibiotics

• Exercise

• Creon for pancreatic insufficiency

Summary of 
Treatment for CF 
• Airway clearance at least BID (more frequent with 

exacerbations and illness)

• 14-21 days of oral antibiotics for acute respiratory 
exacerbations

• Aerobic exercise daily

• Inhaled antibiotics for P aeruginosa

• Standard vaccinations including influenza vaccine, 
COVID vaccine, extend serotype pneumococcal 
vaccine

• Nutritional support
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Summary of Disease Monitoring for CF

Follow up with pulmonologist 2-4 times per year

Spirometry, respiratory culture, labs annually

Chest X-Ray at least every other year

Monitor growth closely

Specialty referrals as indicated
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Case Study
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HPI:
2-month-old female, born full term, 
stayed 1 week in NICU for 
hyperbilirubinemia and feeding 
difficulty, presents today for concerns of 
rapid breathing

Subjective:
- parents report decreased PO intake, 
increased choking with feeds
- tachypnea at rest
- frequent spit up with feeds

Objective:
- hypoxic- 88%
- tachypneic- 70’s
- crackles in all lung fields
- mild subcostal retractions
- no improvement with bronchodilators
- weight percentile trending down
- observed feeding attempt with signs of 
dysphagia

What does our patient have?

• Neuroendocrine Hyperplasia of Infancy (NEHI)
• Bronchopulmonary Pulmonary Dysplasia (BPD)
• Neonatal Emphysema
• Surfactant deficiency
• Tracheoesophageal fistula
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Interstitial Lung Disease (chILD)

• HPI: 
• Tachypnea
• Cough
• Crackles
• Hypoxemia, digital clubbing
• Failure to thrive
• Activity intolerance
• Family History

• Physical exam:
• Crackles, rales, wheezing
• Cardiac exam generally normal (although may have s/s pulmonary hypertension or cor pulmonale)
• Digital clubbing
• Abnormal chest wall

Lung disease that involves the parenchyma and interferes with gas exchange
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Neuroendocrine Hyperplasia of Infancy (NEHI)
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One of the most common forms of child, symptoms start in the 
first year of life

Biopsies: increased number of pulmonary endocrine cells and 
neuroendocrine bodies

Cause poorly understood

Neuroendocrine Hyperplasia of Infancy (NEHI)
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(Persistent tachypnea of infancy)

Treatment

• Supportive

• Oxygen

• Adequate caloric intake

• Treatment of co-morbidities:
• GERD

• FTT

Diagnosis

• CXR

• High-Resolution chest CT

• Lung Biopsy 

• Infant PFTs

Types of chILD

• Pulmonary Interstitial Glycogenesis (PIG)

• Langerhans cell histiocytosis

• Bronchiolitis obliterans

• Alveolar Capillary Dysplasia

• Surfactant deficiencies

• Immune dysregulation mediated

• Auto-immune mediated

• Pulmonary Vasculitis
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Case Study
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HPI: 
8 y.o. female with hx of chronic 
neutropenia

Subjective: 
-Recurrent ear infections 
between 3 and 6 years of age
-Small warts on hands at 4 years 
of age 

Objective:
-Chronic severe neutropenia
-Lymphopenia
-Hypogammaglobulinemia
-Hypermaturity of neutrophils
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What is the most likely diagnosis?

• Activated PI3K Delta Syndrome (APDS)
• Severe Combined Immunodeficiency
• Chronic Neutropenia
• Common Variable Immune Deficiency
• WHIM Syndrome
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WHIM Syndrome
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Rare, combined primary immunodeficiency and chronic 
neutropenic disorder.

Warts, Hypogammaglobulinemia, Immunodeficiency, 
Myelokathexis

Recurrent sinus, pulmonary and upper respiratory tract 
infections

Diagnosing WHIM Syndrome

• Comprehensive hx and PE

• Bone Marrow Biopsy

• Genetic Testing

• ANC<1000 cells/UL

• Lymphopenia

• Monocytopenia

• Decreased IgA, IgG, and/or IgM

• Bronchiectasis
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Diagnostic Evaluation Treatment/Management

• Refer to Immunology, 
Hematology, Genetics

• IVIG or SCIG

• Granulocyte colony stimulating 
factor

• Stem cell transplant

• HPV Vaccine

• Prophylactic antibiotics

Take Away
• Sometimes it’s a Zebra
• Get the chest xray
• When in doubt, refer it out!
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Questions?
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