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The vicious, ‘viscous’ cycle…
Chronic bronchial 

infection

Structural 
lung disease Inflammation

Impaired mucociliary clearance



Meet Ms. H  

67 yo retired teacher with history of bronchiectasis, MAC lung infection 
(treatment ended 2 years ago), here for routine follow up.



Ms. H

F/F = 64%
FEV1 = 1.67 (70%)
FVC = 2.62 (85%)

Sputum cultures grow 
Pseudomonas aeruginosa 
and Mycobacterium 
gordonae



Question #1

A. Increased frequency of exacerbations
B. Higher mortality
C. Faster decline in lung function
D. Increased frequency of hospitalizations
E. All of the above

Pseudomonas colonization in non-CF bronchiectasis is 
associated with: 
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Pseudomonas aeruginosa

• Opportunistic gram-negative 
aerobic bacillus

• Ubiquitous – found in 
soil/water

• First described in 1882 by a 
French pharmacist who noted 
blue-green discoloration of 
soldier’s bandages

• In bronchiectasis, can cause 
both acute and chronic 
infection Carle Gessard 



Pseudomonas aeruginosa

PYOCYANI
N

PILI

ELASTAS
ELPS

FLAGELLIN



~25% of patients with 
non-CF bronchiectasis 



3x increase in mortality



Increased risk of hospital 
admission (almost 7x)

Average of 1 additional 
exacerbation per patient 

per year



Hazard ratio for death with chronic PsA 
infection =  2.02

(95% CI 1.53-2.66, p<0.001) 



M.A. Martinez-Garcia et al. / Clinical Microbiology and Infection 
2021.

FEV1 declines more over 
time when PsA is present

No PsA present

PsA present



In bronchiectasis, PsA colonization is problematic & is 
associated with:

Mortality

Decline 
in FEV1

Hospitalization

Exacerbations



Question #2: Ms. H has isolated Pseudomonas in her 
sputum for the first time. How would you eradicate it?

A. Levofloxacin 750 mg daily for 14 days
B. IV ceftazidime + gentamicin via PICC line for 14 days
C. Inhaled tobramycin for 28 days 
D. No eradication is indicated given her symptoms have not 

changed 
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sputum for the first time. How would you eradicate it?

A. Levofloxacin 750 mg daily for 14 days
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First Isolation - Attempt eradication



First/new isolation of Pseudomonas

Oral fluoroquinolone IV antibiotics
(B-lactam + aminoglycoside)

Oral fluoroquinolone OR 
IV antibiotics + inhaled 

antibiotics

IV antibiotics
(B-lactam + aminoglycoside)

Inhaled antibiotics

Inhaled antibiotics Continue inhaled antibiotics

Total duration = 3 
months

Total duration = 3 
months

Total duration = 3 
months

2 weeks 2 weeks 2 weeks



First/new isolation of Pseudomonas

1st line: Ciprofloxacin 500-750 mg BID x 2w

2nd line: anti-PsA B-Lactam + IV aminoglycoside

3 months inhaled colistin, gentamicin, or tobramycin



You treat Ms. H with 2 weeks of levofloxacin, with initial clearance of 
her cultures. Unfortunately, over the course of the subsequent year, 
she has 3 separate exacerbations requiring antibiotics, and her 
respiratory cultures now consistently grow Pseudomonas.

Question #3: 
What treatment would you prescribe?
A. Inhaled tobramycin
B. Inhaled ciprofloxacin
C. Daily azithromycin
D. None – continue to treat exacerbations as they occur



You treat Ms. H with 2 weeks of levofloxacin, with initial clearance of 
her cultures. Unfortunately, over the course of the subsequent year, 
she has 3 separate exacerbations requiring antibiotics, and her 
respiratory cultures now consistently grow Pseudomonas.

Question #3: 
What treatment would you prescribe?
A. Inhaled tobramycin (per the guidelines…)
B. Inhaled ciprofloxacin
C. Daily azithromycin
D. None – continue to treat exacerbations as they occur



>3 exacerbations/year

PsA present No PsA present

Long-term inhaled antibiotics Long-term macrolide
Lack of response, intolerance

Combined oral + inhaled antibiotics

Inadequate response



Inhaled antibiotics – what are the options?

Tobramyci
n

Aztreonam ColistinGentamicin



• Systematic review / meta-analysis of all RTCs of inhaled-
antibiotic use in adults with non-CF bronchiectasis and 
chronic respiratory tract infections

• Main findings:
• ↓ bacterial load in sputum
• ↑ rates of bacterial eradication 
• ↓ exacerbations 
• ↓ frequency of severe exacerbations



Inhaled antibiotics – what are the 
downsides?



• Variable reports of antibiotic resistance 
• No benefits / differences seen in terms of quality of life 

Inhaled antibiotics – what are the 
downsides?



Macrolides in Pseudomonas colonization



No significant difference in FEV1 or quality of life measures

Highest level of benefit for macrolides was actually patients 
with Pseudomonas!

Macrolides in Pseudomonas colonization



Meet Ms. A 

42yo woman with SLE, APLS, 
untreated MAC lung infection.



Ms. A

F/F = 80%
FEV1 = 2.04 (71%)
FVC = 2.53 (75%)

Sputum cultures (4 over 
the past year) growing 
MRSA



Impact of MRSA colonization

• Staph aureus is a gram-positive bacteria. It is a commensal organism 
and major human pathogen with the ability to form biofilms and 
persist within the airways

• MRSA prevalence has been increasing 
• In cystic fibrosis, associated with more severe disease and poorer 

outcomes
• Impact in non-CF bronchiectasis is less well understood





• Retrospective cohort study of the Bronchiectasis Research Registry 
• Looked at 3 cohorts:

• Positive for S. aureus (~11%), with 33% MRSA 
• Negative for S. aureus and NF-GNB
• Negative for S. aureus but positive for at least one of the other NF-GNB 

• >1/3 of patients in S. aureus group also had NF-GNB
• In multivariate analysis, there were no significant differences 

between the S. aureus and the other two groups 
• No difference between MSSA and MRSA

Staph aureus was not an independent risk factor for disease in the Bronchiectasis Research 
Registry



• Retrospective cohort study a Taiwanese research database looking at 
bronchiectasis patients with and without MDR organisms

• MDR organisms were:
• MRSA (18.4%)
• Acinetobacter baumannii 
• PsA aeruginosa
• Klebsiella pneumoniae
• E. coli

• Looked at in-hospital and 3 year mortality







First isolation - Attempt eradication? 

We suggest not offering eradication 
antibiotic treatment to adults with 
bronchiectasis following new isolation 
of pathogens other than P. aeruginosa 
(conditional recommendation, very low 
quality of evidence)

Offer patients with bronchiectasis 
associated with clinical deterioration 
and a new growth of methicillin-
resistant S. aureus (MRSA) (1st 
isolation or regrowth in the context of 
intermittently positive cultures) 
eradication. This should be attempted 
especially in view of infection control 
issues. (D)



Oral preparation

1st line: 
Doxycycline 100 mg BID
Rifampicin BID*
Trimethoprim 200 mg BID

2nd line: 
Linezolid 600 mg BID

IV preparation

1st line: IV vancomycin

2nd line:
Linezolid 600 mg BID



Summary & Top points

• Pseudomonas colonization is associated with poor outcomes in non-
CF bronchiectasis, including mortality

• Attempted eradication of newly-isolated PsA is recommended in both 
ERS and BTS guidelines

• Consider inhaled antibiotics or chronic macrolide therapy for patients 
with PsA and frequent exacerbations

• Use of the macrolides is likely superior based on available data, but may be 
limited by co-morbid NTM infection

• The impact of MRSA colonization is less well understood, with low 
quality evidence to support eradication
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1010-12 bacteria/mL

Laboratory Diagnosis of CF Respiratory 
Infection: Major Challenges

- Contamination of sputum 
with oral bacteria

PMID: 36069902



Hospital and Clinics

Accessioning

Processing/
Setup (micro lab)

Aerobic 
bacteriology

Respiratory AST

Mycobacteriology Mycology

Flow of Specimens for CF Cultures

Pre analytical

Post analystical



- Sputum Quality
- Deep cough or induced sptum  lower respiratory 
  secretions
- Ask patient to rinse mouth with water immediately 
  prior to specimen collection

- Sputum Volume
- Should exceed 5 ml based on AFB studies                
  (PMID: 10806154)

- Sputum timing
- Either am or pm based on AFB studies                 
  (PMID: 23099183)

Preanalytical Factors Impacting CF Respiratory Cultures



Respiratory culture rejected if:

1. Gram stain performed on sputum shows ≥10 
epithelial cells per low power (10x) per field

    

Testing Criteria for non-CF Respiratory Cultures



ETA, Gram stain, 100x

Pneumonia - acceptable Indicate poor sample collection Comment

Very few squamous epithelial cells
<10 per low power (10x) field

Many squamous epithelial cells
≥10 per low power (10x) field

Many squamous epithelial cells seen on 
slide,  indicates that upper respiratory 
secretions and  saliva are present in the
sample.  Unable to  interpret culture.  
Sample should be rejected and  a new 

 

Patterns to look for in Gram stains from respiratory specimens



Sputum, Gram stain,100x



Respiratory culture rejected if:

1. Gram stain performed on sputum shows ≥10 epithelial cells 
per low power (10x) per field

    Exception: Cystic fibrosis culture (PMID:12149331), AFB and    
fungal culture

Testing Criteria for non-CF Respiratory Cultures



Testing Criteria for CF Respiratory Cultures

PMID:12149331



Proposing a standardized 5-point color scale (from 0=lighter to 
5=darker) for objective macroscopic description of sputum.



Transport
- Respiratory specimens should be processed <2 hrs

- Respiratory specimens that can’t be process rapidly should be  
  refrigerated up to 24-48 hrs

Preanalytical Factors Impacting CF Respiratory Cultures



Transport
- Respiratory specimens should be processed <2 hrs

- Respiratory specimens that can’t be process rapidly should be 
  refrigerated up to 24-48 hrs

Preanalytical Factors Impacting CF Respiratory Cultures

PMID: 24920767



Hospital and Clinics

Accessioning

Processing/
Setup (micro lab)

Aerobic 
bacteriology

Respiratory AST

Mycobacteriology Mycology

Flow of Specimens for CF Cultures

Pre analytical

Post analystical



Plate Streaking

1+

2+ 3+

4+



Processing “Contaminated” Specimens

1. Decontaminate 
specimen with NaOH 
(oxalic acid for CF)

2. Liquify with a mucolytic
   agent, e.g. N-acetyl-L-
 cysteine

3. Neutralize and dilute with buffer.

4. Centrifuge at 3000 x g.

specimen



Processing “Contaminated” Specimens in BSL3 



Processing “Contaminated” Specimens 



Media Used to Culture Pathogens



Blood Agar

MacConkey AgarColumbia Agar

Chocolate Agar
Non-selective Agars

Selective Agars

Media Used to Culture Respiratory Pathogens



Blood Agar

MacConkey AgarColumbia Agar

Chocolate Agar
Non-selective Agars

Selective Agars

Media Used to Culture CF Respiratory Pathogens

Burkholderia cepacia 
selective agar

Staphylococcus aureus 
chromagar



Canonical CF Pathogens
Blood Agar with Pseudomonas aeruginosa



Canonical CF Pathogens

Staphylococcus aureus chrom agar
Staphylococcus aureus

Blood agar
Wild-type Staph. aureus             Small colony variant



Burkholderia Cepacia Selective agar 
Burkholderia cepacia complex

Canonical CF Pathogens



Blood Agar MacConkey Agar

Canonical CF Pathogens
Enterobacterales: E. coli, Klebsiella spp., others
Non-fermenting GNR: Acinetobacter spp., Stenotrophomonas maltophilia, and 
Achromobacter spp.



Bacterial Identification with 
MALDI-TOF Mass Spectrometry



Burkholderia cepacia complex has 17 defined species 

PMID: 20375354



CF Pathogens

Blood Agar
Rapidly growing mycobacteria
Mycobacterium abscessus



MGIT liquid medium 7H11/7H11S agar

Specimen 
concentrate

Growth 
supplement 

PANTA 

Media Used to Culture Mycobacteria



MGIT 960
320 tubes per unit

Positive

MGIT Culture System



Incubation of Mycobacterial Cultures

Media              Incubation 

            Liquid                37°C 6 wks

             Solid            CO2, 37°C 6 wks



AFB + 
Culture

Rxn 1 1. M. tb complex
2. M. avium complex
3. AFB genus

1. M. chelonae/abscessus
2. M. fortuitum group
3. AFB genus

Rxn 2

Multiplex, Real-time PCR Paradigm
 for Identification of Common AFB Isolates

Rxn 3
1. M. gordonae NTM

MALDI-TOF



Hospital and Clinics

Accessioning

Processing/
Setup (micro lab)

Aerobic 
bacteriology

Respiratory AST

Mycobacteriology Mycology

Flow of Specimens for CF Cultures

Pre analytical

Post analystical



bioMerieux Vitek 2

Siemens MicroScan

Automated Phenotypic Antibiotic Susceptibility Testing Systems



Manual Antibiotic Susceptibility Testing Systems 
on CF Isolates

Disk Diffusion E-Test

Pseudomonas aeruginosa 
and Burkholderia cepacia 
Complex



Automated Phenotypic Antibiotic Susceptibility Testing Systems
bioMerieux Vitek 2

Siemens MicroScan

S. aureus and
other non- 
fermenting 
Gram-negative 
Rods and  
Enterobacterales



Sensititre Plates for Phenotypic AST of 
Rapid and Slow Growing NTM

PMID: 25903572

Genotypic Detection of Clarithromycin 
resistance in M. abscessus group





PMID: 36069902

Nonsense
 Antibiotic susceptibility testing not indicated when using 

topical (inhaled) therapy
 Chronic suppressive therapy
 Eradication therapy

 Antibiotic susceptibility testing not supported by 
systematic reviews of treatment response (PMID: 
30709744) and features of CF
 Episodic treatment of pulmonary exacerbation



PMID: 36069902

Roles of other 
species?

Some protect 
others: β-

lactamases, 
pyocyanin & 

HQNO

Metabolism and 
growth rate, biofilm 
formation, antibiotic 

resistance and 
tolerance

Many morphotypes 
and many distinct 
antibiograms per 

morphotype 

In Vivo Features Impossible to Replicate in Standard AST



Decrease in the diversity of CF airway bacterial 
communities as lung disease progresses

Targeting the 
dominant 

pathogen based 
on AST Result?

PMID: 22451929



Summary

• There is a lot of limitations to using 
microbiological results to make treatment 
decisions in CF patients.

• Antibiotic susceptibility testing is not supported 
by treatment response and CF features.



Questions?



 Any amount of S. aureus
 Pure or predominant β-hemolytic Streptococci
 Any amount of Pseudomonas aeruginosa, 

Burkholderia cepacia complex, and Acinetobacter 
spp., Stenotrophomas maltophilia, and 
Achromobacter xylosoxidans

 Pure or predominant other non-fermenters
 Pure or predominant Enterobacterales
 Any amount of H. influenza
 Mycobacteria depending on the species

Identification and Susceptibility Per 
Expert Guidance and CLSI Breakpoints



Stanford Health Care Antibiogram Data for 2023



Multiplex, Real-time PCR for Detection of 
Clarithromycin resistance in M. abscessus group

PMID: 25903572



Multiplex, Real-time PCR for Detection of 
Clarithromycin resistance in M. abscessus group

erm41: erythromycin 
ribosomal methylase

                     23S rRNA
                                (rrl)
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RELEVANT FINANCIAL DISCLOSURES

 I have the following relationships with ACCME defined ineligible 
companies:

 Site PI: ENCORE (Insmed), MACrO2 (AN2 Therapeutics)

 I WILL/WILL NOT discuss off-label use and/or investigational use of 
any drugs or devices.



Learning Objectives

 Identify the clinical criteria for a bronchiectasis exacerbation as 
defined by international recommendations

 Determine efficient evaluation and initial therapy of a 
bronchiectasis exacerbation

 Describe complications of prolonged or recurrent exacerbations

 Identify when suppressive antibiotic or inhaled therapy is indicated



Bronchiectasis Exacerbation
DEFINITION



Results of the exacerbation definition. #: other potential causes of clinical deterioration have 
been discounted.

Adam T. Hill et al. Eur Respir J 2017;49:1700051

©2017 by European Respiratory Society



Case: Patient 
Description

80 year old lady with 
bronchiectasis, pseudomonas 
colonization of the airways 
with worsening productive 
cough and shortness of breath 
for several days.
- Non smoker. 

November 2023

Patient Image [Placeholder]



Past Medical History

 Bronchiectasis
 S/P right middle lobectomy

 S/P azithromycin Oct 2019- Mar 2021

 Pseudomonas colonization of the airways
 Pneumonitis with inhaled colistin.

 S/P cyclic inhaled aztreonam 2020.

 Antibiotic courses for acute bronchiectasis exacerbations: 
 May 2021 Meropenem IV. 

 December 2021: Meropenem IV. 

 August 2023: doxycyline



Patient with Bronchiectasis

 Microbiology
 Sputum Feb, March June, July, October 2023: 

 heavy pseudomonas aeruginosa

 Susceptible to ciprofloxacin. (but patient not tolerant)

 Sputum July and August 2023: 
 Moraxella catarrhalis

 All Acid fast bacillus cultures of the above samples
 Negative



Bronchiectasis Exacerbation 
Evaluation

 Sputum culture
 Haemophilus influenzae, Moraxella catarrhalis, Staphylococcus 

aureus, Pseudomonas aeruginosa (especially mucoid 
types), Stenotrophomonas maltophilia.

 Previous sputum bacteriology results can be useful in deciding which 
antibiotic to use

 Respiratory viral panel
 Consider a CXR

 If suspect pneumonia: fever, chills, night sweats, severe shortness of 
breath



Bronchiectasis Exacerbation 
Treatment

 Mostly outpatient
 Oral antibiotic if possible
 Based on prior sputum culture data

 Pseudomonas
 Ciprofloxacin is the only oral antibiotic available

 Optimal duration of therapy unknown. (10-14 days)
 Paucity of trials addressing this issue. 
 In mild disease without P. aeruginosa, shorter courses of antibiotics may 

be appropriate



Bronchiectasis Exacerbation 
Treatment

Organism 1st line treatment Duration 
in days

2nd line 

Strep pneumonia Amoxicillin 14 Doxycycline
H. Influenza (b 
lactamase negative)

Amoxicillin 14 Doxycycline

H. Influenza (b 
lactamase negative)

Amoxicillin/
clavulanic acid

14 Doxycycline or 3rd

gen cephalosporin
Moraxella catarrhalis Amoxicillin/

clavulanic acid
14 Doxycycline or 3rd

gen cephalosporin
Staph aureus (MSSA) Amoxicillin 14 Doxycyline
Coliforms for example, 
Klebsiella, enterobacter

3rd gen
cephalosporin

14 FLQ

14



Bronchiectasis Exacerbation 
Treatment

Organism 1st line treatment Duration 2nd line 
Pseudomonas 
aeroginosa

ciprofloxacin 14 Intravenous ceftazidime, 
aztreonam, cefepime, 
meropenem, pip/tazo

Consider combining with: 
inhaled aztreonam or 
tobramycin or
Colistin

MRSA Doxycycline,
trimethoprim

14 Vancomycin,
Linezolid



Bronchiectasis Exacerbation 
Treatment

 Treatment should be prompt
 Avoid FLQ if no evidence of pseudomonas
 No evidence for use steroids
 Inhaled antibiotics should not used as monotherapy for 

exacerbations
 In cases of limited culture data

 What to do?



Bronchiectasis Exacerbation 
Treatment- Negative cultures

 84 yr old retired psychiatrist referred to my clinic for Bronchiectasis, 
chronic productive cough (>1 yr) and weight loss. 

 Underwent extensive work up before presentation: 
 Bronch (negative cultures), CT abd/pelvis, fungal serologies. 

 Next step?



Bronchiectasis Exacerbation 
Treatment- Negative cultures

 84 yr old retired psychiatrist referred to my clinic for Bronchiectasis, 
chronic productive cough (>1 yr) and weight loss. 

 Underwent extensive work up before presentation: 
 Bronch (negative cultures), CT abd/pelvis, fungal serologies. 

 Next step?
 Doxycycline 100mg BID x 10 days. 

 Resulted in complete resolution of cough. 

 4 yrs later have not needed another course of antibiotics. 



Bronchiectasis Exacerbation 
Treatment

 Treatment should be prompt
 Avoid FLQ if no evidence of pseudomonas
 No evidence for use steroids
 Inhaled antibiotics should not used as monotherapy for 

exacerbations
 In cases of limited culture data

 What to do?
 Use antibiotic which covers the broadest of the common microbes. 

 Amoxicillin/clavulanic acid and doxcycyline. 



Bronchiectasis Exacerbations
COMPLICATIONS OF PROLONGED OR RECURRENT EPISODES



Figure 2. Exacerbation frequency during follow-up and the association with exacerbations in the previous year.
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- Followed 2,572 patients 
with bronchiectasis from 10 
centers in Europe. 
Categorized by baseline 
exacerbation frequency. 

- Frequent exacerbations 
were the strongest 
predictor of future 
exacerbation frequency, 
suggesting a consistent 
phenotype. 



Figure 3. St. George's Respiratory Questionnaire (SGRQ) scores according to baseline exacerbation frequency (P < 0.0001 by Kruskal-Wallis test). 
IQR = interquartile range.
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- Patients with 
frequent 
exacerbations at 
baseline had worse 
health status as 
measured by the 
SGRQ



Figure 4. Follow-up hospitalization rates and annual survival in groups on the basis of baseline exacerbations.
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Complications of Bronchiectasis 
Exacerbation

 Increased rate of cardiovascular events in the 91 day period after 
an exacerbation. 
 Myocardial Infarction

 Stroke. 

Navaratnam, Vidya et al.  Ann. Am. Thorac. Soc. vol. 15,3 (2018): 315-321. 



Complications of Bronchiectasis 
Exacerbation- Summary

 Frequent exacerbations were the strongest predictor of future 
exacerbation frequency.

 Patients with frequent exacerbations at baseline had worse health 
status as measured by the SGRQ.

 Patients with two or more exacerbations per year at baseline have 
an independent increase in mortality risk.

 The number of hospital admissions is significantly greater for those 
with three or more exacerbations in the previous year thank those 
with 2 or less. 

 There is an increased rate of MI and stroke in the 91 days following 
an exacerbation. 



Bronchiectasis Exacerbations
SUPPRESSIVE OR INHALED THERAPIES



Question- MOC
You are seeing a 28 year old patient with bronchiectasis for follow up. They have a history of 
staphylococcus aureus colonization of the airways. They have had 4 bronchiectasis 
exacerbations requiring antibiotics in the last 12 months. 

Which of the following would be the most appropriate next step in management?

A. Azithromycin daily. 
B. Roflumilast daily. 
C. Inhaled budesonide twice daily
D. Inhaled colistin daily 
E. Inhaled DNase



Question- MOC
You are seeing a 28 year old patient with bronchiectasis for follow up. They have a history of 
staphylococcus aureus colonization of the airways. They have had 4 bronchiectasis 
exacerbations requiring antibiotics in the last 12 months. 

Which of the following would be the most appropriate next step in management?

A. Azithromycin daily. 
B. Roflumilast daily. 
C. Inhaled budesonide twice daily
D. Inhaled colistin daily 
E. Inhaled DNase



How to Prevent Exacerbations

 Our patient used many of the known interventions: 
 Long term macrolides. 

 Nebulized hypertonic saline. 

 Long term inhaled anti-pseudomonal. 

 Additional Interventions to consider: 
 Pulmonary rehabilitation

 High frequency chest wall oscillation. 



Stepwise management.

Adam T Hill et al. Thorax 2019;74:1-69

Copyright © BMJ Publishing Group Ltd & British Thoracic Society. All rights reserved.



How to Prevent Exacerbations

 Long term macrolides: 
 3 randomized, placebo controlled showed that long term (6-12months) 

macrolides vs placebo reduced bronchiectasis exacerbations 
frequently. 

 Patients with Pseudomonas colonization and 3 or more 
exacerbations per year: 
 Inhaled tobramycin, aztreonam, colistin

 Conflicting data

 Ongoing phase 3 trial: 
 ASPEN: Efficacy of Brensocatib in reducing pulmonary exacerbations in 

Participants With Non-Cystic Fibrosis Bronchiectasis.



Bronchiectasis Exacerbations
CHALLENGES & UNCERTAINTIES



What Triggers an Exacerbation?



What Triggers an Exacerbation?
Viruses? 

Nasopharyngeal swabs were 
tested with rPCR for several 
respiratory viruses in 
bronchiectasis patients 
experiencing an exacerbation 
and compared to those in a 
stable state. 



Figure 1. Absolute number of patients experiencing 0, 1, 2, and 3+ exacerbations per year during the 3 years of observation (n = 147 total patients for 
each year).
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- Bronchiectasis 
Exacerbations 
decreased 
significantly during 
the COVID 
pandemic, as shown 
in this graph. 



Lag-specific relative risks (RRs; 95% CI) for bronchiectasis exacerbations associated with a 
10 µg·m−3 increase in particles with a 50% cut-off aerodynamic diameter of 10 µm (PM10) and 

nitrogen dioxide (NO2).

Pieter C. Goeminne et al. Eur Respir J 2018;52:1702557

©2018 by European Respiratory Society

- 10 µg·m−3 increase 
in air pollutant 
concentrations resulted 
in an increase in the 
relative risk of 
bronchiectasis 
exacerbations.  



Microbiome in Bronchiectasis

 A reduction in microbiome diversity, particularly one associated with 
dominance of Pseudomonas, is associated with greater disease 
severity, higher frequency and severity of exacerbations. 

 Effect of antibiotics on microbiome diversity? 



Uncertainties in Bronchiectasis 
Exacerbation Management

 90 patients from the Bronchiectasis Clinic at the Royal Infirmary of 
Edinburgh, UK requiring IV antibiotics. 

 Randomized to be in group receiving 14 days vs Bacterial Load 
Guided Group. 
 In the BLGG, antibiotics were stopped early if the bacterial load was 

<106 CFU·mL−1 on day 7 or on day 10 (if not <106 CFU·mL−1 on day 7)

 88% of participants in BLGG stopped antibiotics at day 8. 
 RESULTS

 Nonsignificant trend for increased clinical improvement by day 21 in 
the 14-day group

 Time to next exacerbation was 27.5 days (12.5–60 days) in the 14-day 
group and 60 days (18–110 days) in the in BLGG

Pallavi Bedi et al. Eur Respir J 2021;58:2004388

©2021 by European Respiratory Society



Figure 4. Overview of a comprehensive approach to bronchiectasis management. AAT = α1-antitrypsin; ATS/IDSA = American Thoracic 
Society/Infectious Diseases Society of America; IgG = immunoglobulin G; HRCT = high-resolution computed tomography; NTM = nontuberculous 
mycobacteria. *A 2-week course is suggested.
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Bronchiectasis Exacerbations
Summary

 Definition of a Bronchiectasis Exacerbation
 Antibiotic treatment of an exacerbation based on microbiology
 Mortality, quality of life and other complications increased with 

exacerbations
 Strategies to reduce rate of exacerbations
 Uncertainties/Challenges: 

 Viruses

 Air pollution

 Long term effect of antibiotics on the microbiome
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Campbell K, Graham C, Franguylan R, Rossi AG, Hill AT. Feasibility of shortening intravenous antibiotic therapy for bronchiectasis based 
on bacterial load: a proof-of-concept randomised controlled trial. Eur Respir J. 2021 Dec 16;58(6):2004388. doi: 10.1183/13993003.04388-
2020. PMID: 34112732.

 Bronchiectasis Review Article 2013. McShane PJ, Naureckas ET, Tino G, Strek ME. Non-cystic fibrosis bronchiectasis. Am J Respir Crit Care 
Med. 2013 Sep 15;188(6):647-56. doi: 10.1164/rccm.201303-0411CI. PMID: 23898922.

 EMBRACE: Azithromycin 500mg TIW for 6 months decreased rate of exacerbations significantly. Wong C, Jayaram L, Karalus N, Eaton T, 
Tong C, Hockey H, Milne D, Fergusson W, Tuffery C, Sexton P, Storey L, Ashton T. Azithromycin for prevention of exacerbations in non-cystic 
fibrosis bronchiectasis (EMBRACE): a randomised, double-blind, placebo-controlled trial. Lancet. 2012 Aug 18;380(9842):660-7. doi: 
10.1016/S0140-6736(12)60953-2. PMID: 22901887.

 BAT: Azithromycin 250mg daily vs placebo for 12 months. Significant reduction in exacerbations. Altenburg J, de Graaff CS, Stienstra Y, 
Sloos JH, van Haren EH, Koppers RJ, van der Werf TS, Boersma WG. Effect of azithromycin maintenance treatment on infectious 
exacerbations among patients with non-cystic fibrosis bronchiectasis: the BAT randomized controlled trial. JAMA. 2013 Mar 
27;309(12):1251-9. doi: 10.1001/jama.2013.1937. PMID: 23532241.

 BLESS: twice daily erythromycin vs placebo for 12 months. Significant reduction in exacerbations. Altenburg J, de Graaff CS, Stienstra Y, 
Sloos JH, van Haren EH, Koppers RJ, van der Werf TS, Boersma WG. Effect of azithromycin maintenance treatment on infectious 
exacerbations among patients with non-cystic fibrosis bronchiectasis: the BAT randomized controlled trial. JAMA. 2013 Mar 
27;309(12):1251-9. doi: 10.1001/jama.2013.1937. PMID: 23532241.
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OUTLINE

 Discuss PEP and Oscillating PEP

 Order of Inhaled Medications

 Compressors and Nebulizers

 High Frequency Chest Wall Oscillation (HFCWO)/Vest



THE KETCHUP-BOTTLE METHOD
MURRAY JF. N ENG J MED 1979:300 1155-1157

“Getting secretions out of the respiratory tract has been 
likened to getting ketchup out of a Bottle:  Turn it upside 
down, thump it on the Back several times, and a splash of 
desired Materials usually appears”



BREAKING THE CYCLE: AIRWAY 
CLEARANCE

Adapted from Belli et al, 2021. Front Med; 8:544826
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Average Time for Treatment: 2 hours a day!



PERCUSSION AND VIBRATION



ALTERNATIVES TO PDP&V

 Positive Expiratory Pressure (PEP)

 Oscillating PEP

 High Frequency Chest Wall Oscillation (HFCWO)

 Volara System: Oscillation & Lung Expansion



AIRWAY CLEARANCE

 Decrease sputum production with low risk1

 No one therapy shown to be improved from other
 Patient dependent        

1. Lee, Burge, & Holland, 2015. Cochrane Database Syst Rev; 11:CD008351
2. Lee, Burge, & Holland, 2017. Cochrane Database Syst Rev; 9:CD011699



OSCILLATING PEP
(FLUTTER® VALVE/AIRPHYSIO
ACAPELLA CHOICE® ACAPELLA®)



PEP & ACAPELLA

Can be Sterilized
   but will corrode

Can ONLY be cleaned 
                       NOT Sterilized



FLUTTER VALVE & AIR PHYSIO

Can cause air trapping

as flow decreases



AEROBIKA



AEROBIKA





INHALED MEDICATIONS

Bronchodilators

• Can be done In-Line, and okay to 
wear vest

• Pretreatment Options
• Albuterol/Levoalbuterol MDI
• Ipratropium – is drying
• Nebulized – takes longer

• Take long-acting bronchodilators 
AT VERY END OF REGIMEN

Mucolytics

• Can be done In-Line, and okay to wear 
vest

• Options
• Hypertonic Saline: Preferred is 7% - 3% if 

hyperactive airways
• NAC/Mucomyst: 

• Not yet shown to be beneficial
• Do not use with hyperactive airways
• Must draw from a vial

• Dornase: Harmful in those without cystic 
fibrosis

• Increase exacerbations (relative risk 1.35), 
increase decline in FEV1 (decline of 1.7% vs 3.6%

Lee, Burge, & Holland, 2015. Cochrane Database Syst Rev; 11:CD008351   
Lee, Burge, & Holland, 2017. Cochrane Database Syst Rev; 9:CD011699
Nicolson et al, 2012. Respir Med; 106(5):661-7            Bilton et al, 2014. Thorax; 69(12): 1073-9     O’Donnell et al, 1998. Chest; 113(5):1329-34

Antibiotics
• Separate nebulizer

• Options
• Tobramycin
• Aztreonam
• Colistin: must draw from vial
• Amikacin



GENERIC COMPRESSOR & NEBULIZER

Compressor has small motor will burn out quickly; Not meant for multiple treatments a day

Nebulizer can ONLY be cleaned NOT sterilized



PREFERRED: CAN BE CLEANED, STERILIZED, AND 
CONNECT TO AEROBIKA

PRONEBmax
Ombra

PARI

Aeroclipse XL



PORTABLE MESH NEBULIZERS

Philips Innospire

EFlow PariTrek S



OPTIMAL SETUP



HIGH FREQUENCY CHEST WALL OSCILLATION 
(HFCWO)



BAXTER/HILL-ROM

 Developed by Dr. Warwick

 Vest comes in 25 sizes

 Programmable controls

 Treatments last 30 min. QD/BID

 Can give bronchodilators before/during



BAXTER/HILL-ROM MONARCH



ELECTROMED/SMARTVEST

 Also developed by Dr. Warwick

 Vest comes in various sizes

 Programmable controls

 Can give bronchodilators before/during

 Is another option but bladder is less efficient

 Treatments last 30 min. QD/BID

 Weighs 3.3 pounds



PHILIPS RESPIRTECH/INCOURAGE

 Also developed by Dr. Warwick

 Can obtain a customizable garment

 Program is easy to use

 Treatments are similar (QD/BID,

with or without nebulization)



WRAPS



BAXTER HILL-ROM/VOLARA

 Oscillation and Lung Expansion

 Easy to use, can nebulize concurrently

 Not covered by medicare!



CONCLUSION

 Airway treatment focuses on etiology, treatment of infections, and airway clearance

 Time consuming and must adjust to patient

 Preferred is Aerobika/oscillatory PEP with active cycling breathing and huff cough

 Add in positional changes focused on patients disease pattern

 Always encourage Exercise

 High frequency chest well oscillation (HFCWO/Vest) has multiple options

 If all else fails or pending patient, consider other options such as manual percussion, 
vibration (ex. Tuning forks)



CYSTIC FIBROSIS: SCREENING 
AND HETEROZYGOUS PATIENTS

Alyssa A. Perez, MD MEd and Vicki Jue, PharmD

UCSF Adult Cystic Fibrosis Program

March 7th, 2024
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 We have the following relationships with ACCME defined ineligible companies:
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CASE

 58F with history of mild bronchiectasis and pulmonary nodule
o MAC diagnosed in 2018 via biopsy of pulmonary nodule
o Not treated due to minimal symptoms

 Referred to CF clinic at our center in 2023



CF REVIEW OF SYSTEMS?

• Respiratory 
symptoms

• HEENT

• GI 
symptoms

• Liver

• Weight

• Fertility

• Microbiology history

• Family History

• Genetic testing

• +Cough, + x1 hemoptysis, +bronchiectasis, normal 
spirometry, no h/o recurrent infections

• No sinusitis or nasal polyps

• No h/o SBO, constipation, oily stool, GERD, 
pancreatitis, normal fecal elastase + vitamin 
ADEK

• Normal LFTs

• Never underweight

• No issues getting/staying pregnant

• +MAC, no pseudomonas, no Burkholderia

• Daughter w/ CF (DelF508/C524X) s/p LTx

• 1 disease causing mutation: DelF508



CF CARRIER, CFTR RELATED DISORDER, OR CF DISEASE?

 1 known disease-causing mutation

 +Bronchiectasis

 +MAC

 Normal lung function

 No other signs/symptoms of CF on ROS

 CFTR dysfunction?



CFTR RELATED DISORDER VS 
CYSTIC FIBROSIS DISEASE

CFTR related Disorder (CFTR-RD)

• *Single organ manifestation of CF

• CFTR dysfunction in CFTR-RD range
o In CFTR-RD range in 2 different functional tests 

(sweat, NPD, ICM)
o 1 CFTR variant + CFTR dysfunction in 2 

functional tests
o 2 CFTR variants known to reduce CFTR function 

(at most 1 CF-causing variant)

• Exclusion of CF:
o CF clinical manifestations
o +Newborn screening
o +Sibling with CF
o Positive sweat chloride (> = 60 mmol)
o 2 CF disease causing mutations

Cystic Fibrosis Disease

• Symptoms of CF (multi-organ)

• Elevated sweat chloride ( > = 60 mmol/L)
o = Evidence of CFTR dysfunction in the CF 

disease causing range

• *2-disease causing variants in the CFTR gene

Bombieri C, Claustres M, De Boeck K, Derichs N, Dodge J, Girodon E, et al. Recommendations for the classification of diseases as CFTR-related disorders. J Cyst Fibros 2011;10(Suppl 2):S86–102. doi:10.1016/S1569-1993(11)60014-3
Farrell PM, White TB, Ren CL, Hempstead SE, Accurso F, Derichs N, Howenstine M, McColley SA, Rock M, Rosenfeld M, Sermet-Gaudelus I, Southern KW, Marshall BC, Sosnay PR. Diagnosis of Cystic Fibrosis: Consensus Guidelines from the Cystic Fibrosis Foundation. J Pediatr. 2017 Feb;181S:S4-S15.e1. doi: 10.1016/j.jpeds.2016.09.064. Erratum in: J Pediatr. 
2017 May;184:243. PMID: 28129811.
Castellani C, De Boeck K, De Wachter E, Sermet-Gaudelus I, Simmonds NJ, Southern KW; ECFS Diagnostic Network Working Group. ECFS standards of care on CFTR-related disorders: Updated diagnostic criteria. J Cyst Fibros. 2022 Nov;21(6):908-921. doi: 10.1016/j.jcf.2022.09.011. Epub 2022 Oct 8. PMID: 36220763.



NEXT STEPS IN EVALUATION?

• Sweat Chloride

• Genetic Testing

• 56 mmol/L (intermediate)

• DelF508

• Heterozygous for 7T/9T alleles



DIAGNOSIS? 
CFTR RELATED DISORDER (CFTR-RD)

 Single organ involvement (lungs)

 1 disease causing mutation identified

 CFTR dysfunction present but not at threshold for CF diagnosis

 Does not meet diagnostic criteria for CF disease



GENETIC TESTING FOR CYSTIC FIBROSIS

 Low threshold to send genetic testing in bronchiectasis evaluation 

 Our practice is to send Invitae Cystic Fibrosis Test (+ sweat chloride)
o Invitae
o CF Test analyzes CFTR gene: CF, CAVD, hereditary pancreatitis 
o +/- PCD Panel: 42 genes 

o Blueprint 

 If high suspicion for CF but only 1 mutation identified, we consider:
 Mutation Analysis Program (MAP)
 Next generation sequencing (whole exome sequencing)



OVERVIEW OF CFTR MODULATORS

 2011: Ivacaftor, G551D

 2015: Lumacaftor/Ivacaftor, homozygous DelF508

 2018: Tezacaftor/Ivacaftor, homozygous DelF508

 2019: Elexacaftor/Tezacaftor/Ivacaftor "The Triple"
o Approved for single copy of DelF508



CFTR MODULATORS IN CFTR-RD

 Off label

 May have benefit

 How to get them?

Southern KW, Castellani C, Lammertyn E, Smyth A, VanDevanter D, van Koningsbruggen-Rietschel S, Barben J, Bevan A, Brokaar E, Collins S, Connett GJ, Daniels TWV, Davies J, Declercq D, Gartner S, Gramegna A, Hamilton N, Hauser J, Kashirskaya N, Kessler L, Lowdon J, Makukh H, Martin 
C, Morrison L, Nazareth D, Noordhoek J, O'Neill C, Owen E, Oxley H, Raraigh KS, Raynal C, Robinson K, Roehmel J, Schwarz C, Sermet I, Shteinberg M, Sinha I, Takawira C, van Mourik P, Verkleij M, Waller MD, Duff A. Standards of care for CFTR variant-specific therapy (including 
modulators) for people with cystic fibrosis. J Cyst Fibros. 2023 Jan;22(1):17-30. doi: 10.1016/j.jcf.2022.10.002. Epub 2022 Oct 28. PMID: 36916675.



TRANSITIONS OF CARE



OBTAINING AUTHORIZATION PULMONARY MEDICATIONS



PHARMACY TOC ACTIVITIES



TOC PHARMACY TECHNICIAN



PULMONARY PHARMACY PRACTICE INNOVATION



PHARMACIST'S ROLES IN TOC ACTIVITIES



BACK TO CASE

 Patient started on ETI

 Developed a rash necessitating dose reduction

 Now on reduced dose: 1 orange tab in AM, 1 blue tab in PM

 Improvement in cough and chest congestion



CONCLUSIONS

 Diagnosis of CFTR-RD is not straightforward
o Refer to CF center
o Send genetic testing + sweat chloride

 There may be benefit to using CFTR modulators in CFTR-RD

 Takes a team to get these medications for our patients!

 Recommendations for initiation of CFTR modulators:
o Start slow – at reduced dose
o Older / CFTR-RD patients may not require full dose ETI to have benefit



QUESTIONS?



Motile Ciliopathies

Carlos E. Milla, MD
Professor of Pediatrics and Medicine,
The Stanford Cystic Fibrosis Center.
Associate Director for Translational Research,
Center for Excellence in Pulmonary Biology,
Stanford University
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Fliegauf M et al Nat Rev 2007

When Cilia Go Bad: Defects and Ciliopathies



Ciliary Axoneme Crossectional Structure



Primary Ciliary Dysknesia  (PCD)
(Inmotile Cilia, Kartagener’s Syndrome) 

• Product of defective ciliary function 
• Recurrent and/or chronic Infections of the respiratory tract: recurrent 

Pneumonia, chronic atelectasis, bronchiectasis, chronic sinusitis, chronic 
otitis media.

• Male Infertility, ectopic pregnancy
•  ~50% situs inversus (Kartagener).
• Estimated Prevalence U.S.A.:  ~1:15,000
• Definitive Diagnosis:  Demonstrating consistent structural defects in ciliary 

apparatus
• From a Genetic perspective, heterogeneous disorder (usually recessive), 

growing list of genes associated.  



Classic PCD: Clinical features

• Chronic rhinorrhea
• Chronic secretory otitis media, often with hearing loss
• Chronic sinusitis
• Recurrent URI/LRI since early childhood
• Chronic bronchitis leading to bronchiectasis
• Male infertility



Traditional Diagnostic Tools

 “Gold Standard”: Demonstration of ultrastructural defects by Electron  
Microscopy (EM). 

Obtained by nasal scrape or bronchial brush

Normal structural appearance by EM not enough to rule out PCD 

Ciliary Beat Frequency in freshly isolated cells.

High-Speed Video Microscopy (HVM) at specialized centers can be of 
value for difficult cases.



120,000 X



Abnormalities in Cilia Structure which can be 
Identified by EM

• Complete or partial absence fo the ODA
• Combined ODA and IDA defects
• Microtubular disorganization defects
• Isolated IDA  should not be made by single EM 

alone(false positive)
• Only a small set of  radial spoke defects

Leigh, 2009



Abnormalities in Cilia Structure which can NOT
be Identified by EM

• Defects of nexin link components
• Central Pair components
• Ciliary biogenesis defects
• Defects caused by DHAH11 gene mutations
• Some Radial Spoke head proteins

Leigh, 2009



Ciliary Beat Frequency

Chilvers & O’Callaghan, 1999 BMJ 







• Protocol differ among centers
• Objective methods to distinguish cilia beat 

pattern
• PCD variants may be misinterpreted as 

normal 
• Changes due to inflammation

Difficulties with HSVM



• Fluorescent antibodies staining to ciliary
• Electron Tomography(shorter outer dynen

arms, partial structures)

Immunofluorescence

Shoemark, A, 2017



Development of Clinical Diagnostic Criteria for PCD

• 703 patients referred for PCD suspicion
• 241 (34%) Confirmed Diagnosis
• 253 (36%) Alternative Diagnoses
• 209 (30%) Probable Diagnosis

Leigh M.et al, ATS 2012



5 Clinical Criteria identified:
• Unexplained Neonatal Respiratory distress. 
• Chronic Productive cough with early life onset.
• Chronic nasal congestion with early life onset. 
• Recurrent Otitis first two years of life. 
• Laterality defect. 

4 or more present = 97% specificity

Development of Clinical Diagnostic Criteria for PCD



Distinguishing features of PCD:
Neonates and infants

• Neonatal respiratory distress, especially in term infants, with 
no obvious cause (tachypnea, TTN, “wet lung”, atelectasis)
– ~75% of those with confirmed PCD

• Rhinitis – neonatal onset, persistent (“born with a cold”)
• Situs inversus
• Heterotaxy syndromes including congenital heart disease 



ATS Diagnostic Algorithm for Suspect PCD

AJCCM:197,12 June 15 2018



Nasal nitric oxide levels are low in PCD 
(age ≥ 5 years)



nNO in Pediatric Patients (>5 yrs) with  
Confirmed PCD

Leigh M et al, 2013

Disease Specific cut-off:
< 77 nL/min
Sens. 0.98
Spec. >0.999





Wallmeier et al, Nat Rev Dis Primer 2020





Genes associated with PCD
Defect Gene

ODAs or ODA docking complex (ODA-DC) DNAH5 [MIM 603335] 

DNAH9 [MIM 618300]

DNAH11 [MIM 603339] 

CCDC114 [MIM 615038] 

CCDC151 [MIM 615956] 

DNAL1 [MIM 610062] 

DNAI1 [MIM 604366] 

DNAI2 [MIM 605483] 

NME8 [MIM 607421] 

ARMC4 [MIM 615408] 

TTC25 [MIM 617092]
ODAD1 [MIM 615067]
ODAD2 (ARMC4) [MIM 615451]

Combined ODA and IDA Deficiency SPAG1 [MIM 603395] 

DNAAF1 [MIM 613190] 

DNAAF2 [MIM 612517] 

HEATR2 [MIM 614864] 

DNAAF3 [MIM 614566] 

DYX1C1 [MIM 608706] 

ZMYND10 [MIM 607070] 

LRRC6 (DNAAF11) [MIM 614930] 

C21orf59 [MIM 615494] 

PIH1D3 [300991]
CFAP298 [MIM 615500]
CFAP300 [MIM 618063]
CCDC103 [MIM 614677] 

Defect Gene
Nexin-Dynein regulatory complex CCDC39 [MIM 613798] 

CCDC40 [MIM 613799] 
CCDC65 [MIM 611088] 
DRC1 [CCDC164] [MIM 615288] 

Radial Spokes RSPH1 [MIM 609314] 
RSPH3 [MIM 616481]

RSPH4A [MIM 612647] 
RSPH9 [MIM 612648] 

Central Pair HYDIN [MIM 610812] 
STK36 [MIM 607652]
DNAJB13 [MIM 617091]

Normal Ultrastructure SPEF2 [MIM 610172]
FOXJ1 [MIM 602291]
GAS2L2 [MIM 618449]
GAS8 [MIM 616726]
LRRC56 [MIM 618254]
CCDC65 [MIM615504]
CFAP221
OFD1

Oligocilia MCIDAS 
CCNO [MIM 615872]

Syndromic RPGR (MIM 312610) – X linked 
OFD1 (MIM 300170) - X linked 
Cri-du-chat (5p-)



Global prevalence of having autosomal recessive PCD  
is at least 1:7,554 !!

Hannah et al; LRM 2022

1:9,906 in African or African American; 1:10,388 in non-Finnish European; 1:14,606 in east Asian; 1:16,309 in Latino



Davis et al, AJRCCM 2015

PCD: Ultrastructural defect and Lung Function Trajectory



Clinical Criteria Based PCD Diagnosis



Overall ODA ODA/IDA IDA/CA/MTD Normal EM Isolated CA Oligocilia*
(n = 123) (n = 51) (n = 19) (n = 34) (n = 10) (n = 5) (n = 4)

Age at diagnosis, year, mean (SD) 4.24 (3.90) 5.07 (4.48) 3.39 (3.40) 2.86 (3.12) 5.75 (2.93) 6.40 (3.29) 2.88 (1.44)

FEV1 z-score at enrollment, mean 
(SD)†

−1.46 (1.56) −0.95 (1.45) −1.35 (1.60) −2.38 (1.50) −1.18 (1.41) −1.61 (0.79) NA

Clinical features, n (%)
Laterality defect 60 (48.8%) 29 (56.9%) 9 (47.4%) 16 (47.1%) 6 (60.0%) 0 (0.0%) 0 (0.0%)
Neonatal respiratory distress 99 (80.5%) 40 (78.4%) 17 (89.5%) 29 (85.3%) 8 (80.0%) 3 (60.0%) 2 (50.0%)

Exposure variables, median (range)
neonatal-LOS, d, median (range) 9 (1 to 90) 8 (1 to 35) 10 (1 to 21) 11.5 (1 to 90) 7 (1 to 14) 10 (1 to 12) 7.5 (1 to 17)

SuppO2, d, median (range) 5 (0 to 180) 5 (0 to 90) 5 (0 to 180) 8.5 (0 to 180) 0 (0 to 10) 0 (0 to 9) 5 (0 to 180)

Neonatal Cohort: Characteristics of study participants



Neonatal Respiratory distress by ultrastructure group 
(with associated genes listed in order of prevalence)

ODA (n=213)
DNAH5, DNAI1, 

CCDC103, DNAI2, 
CCDC114, ARMC4

ODA/IDA (n=90)
DNAAF4, SPAG1, DNAAF3, 
DNAAF1, DNAAF5, LRRC6, 

ZMYND10, DNAAF2, CFAP300, 
CFAP298, PIH1D3

IDA/MTD (n=87)
CCDC40, CCDC39

DNAH11 (n=38)

Normal (n=77)
HYDIN, RSPH1, RSPH4A, 

CCNO, CCDC164, 
CFAP221, NEK10, RPGR, 
CCDC65, FOXJ1, CFAP57, 
GAS2L2, OFD1, RSPH3, 

RSPH9

Age, median, y 
(IQR) 11.8 (6.4, 27.3) 12.9 (2.7, 28.4) 11.3 (3.9, 23.7) 12.4 (5.6, 24.6) 12.2 (7.4, 32.5)

Sex, female (%) 115 (54.0%) 48 (53.3%) 55 (63.2%) 28 (73.7%) 46 (59.7%)

Race, white (%) 179 (84.0%) 68 (75.6%) 72 (82.8%) 25 (65.8%) 62 (80.5%)

Respiratory 
distress 70.2% 75.9% 81.0% 36.8% 74.3%

Barber et al, ATS 2022



Covariate Sample Size

Regression 
Coefficient 
(per day) 95% CI SE p

NICU-LOS n = 123 −0.27 −0.53 to −0.01 0.13 0.04

SuppO2 0.07 −0.01 to 0.16 0.04 0.09

Association between NICU LOS but not Supplemental oxygen with lung 
function later in life in PCD

Wee et al, Ann ATS 2022



Chest Xray
(week 2 of life)



Fliegauf M et al Nat Rev 2007



Ciliary ultrastructure SS (n=286) SIT (n=215) SA (n=58)
ODA defect (n=242) 96 (39.7%) 113 (46.7%) 33 (13.6%)
ODA/IDA defect (n=96) 40 (41.7%) 43 (44.8%) 13 (13.5%)
IDA/MTD defect (n=96) 52 (54.2%) 36 (37.5%) 8 (8.3%)
DNAH11 (n=43) 19 (44.2%) 20 (46.5%) 4 (9.3%)
Normal/near normal/other (n=82) 79 (96.3%) 3 (3.7%) 0

Situs distribution by ciliary ultrastructural group

Barber et al, Ann ATS In Press



Wee et al, Pediatr Pulmonol 2022



Therapeutic Landscape

• Current SOC guidelines focused on symptom control: 
• ACT, Episodic Abx, chronic macrolides

• Disease modifying therapies in the horizon in the form of mRNA therapies:
• ReCode : Targets DNAI1 gene defects – Phase I NCT05737485
• Ethris GmbH: Targets CCDC40 gene defects – pre clinical



Thinkpcd.com





MAC Lung Disease
Alicia A. Mirza, MD

Clinical Assistant Professor
Stanford University

MAC-LD = Mycobacterium avium complex lung disease
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Case

70-year-old female
Diagnosis of asthma, HL
BMI 22
Retired teacher, nonsmoker
Shortness of breath with 
occasional cough for a few 
years
Meds: ICS/LABA, statin
Developed scant 
hemoptysis



Next Step?

A. Sputum cultures
B. Bronchoscopy
C. Antibiotics
D. Steroids
E. Monitor



Case

Expectorated sputum x3 grew 2/3 cultures positive for smear positive 
Mycobacterium avium complex 



MAC:
Leading Cause of NTM Pulmonary Disease Globally

Hoefsloot W, Ingen J van, Andrejak C, et al. The geographic diversity of nontuberculous mycobacteria isolated from pulmonary samples: an NTM-NET collaborative study. European Respiratory Journal. 2013;42(6):1604-1613. 

~20,000 
patients 
from 30 
countries 
across 6 
continents



Pan SW, Shu CC, Feng JY, et al. Impact of different subspecies on disease progression in initially untreated patients with Mycobacterium avium complex lung disease. Clinical Microbiology and 
Infection. 2021;27(3):467.e9-467.e14. 

Independent Predictors 
of Disease Progression

M. intracellulare

BMI ≤20 kg/m2

Initial fibrocavitary 
pattern 



Does our patient have NTM lung disease?

A. Yes, sputum results, imaging, and symptoms fit the diagnostic 
criteria

B. Probably, but requires a bronchoscopy to confirm diagnosis
C. No, her normal BMI and lack of severe bronchiectasis means she 

does not have the required symptoms 



Clinical Infectious Diseases® 2020;71(4):e1–e36



Diagnosis of NTM Disease

Clinical Radiographic Microbiologic



Diagnosis of NTM Disease

Clinical & radiographic (all required)
1. Pulmonary or systemic symptoms
2. Nodular or cavitary opacities on chest radiograph or bronchiectasis 

with multiple small nodules on high-resolution computed 
tomography

3. Appropriate exclusion of other diagnoses

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive Summary. Clin Infect Dis 2020; 71:e1.



Diagnosis of NTM Disease

Microbiologic:
1. Positive culture from at least 2 separate expectorated 

sputum samples of the same species
2. Positive culture result from at least 1 bronchial wash or 

lavage
3. Transbronchial or other lung biopsy with mycobacterial 

histopathologic features (granulomatous inflammation or 
AFB) and positive culture for NTM (tissue, sputum, or BAL)

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive Summary. Clin Infect Dis 2020; 71:e1.



Adjustment to current medications?

A. Stop statin due to risk of hepatotoxicity
B. Add Bactrim for PJP prophylaxis 
C. Stop ICS/LABA due to possible side effects
D. Add aspirin for stroke prevention



Inhaled 
corticosteroids 

predispose patients 
with chronic LD to 

NTM infections.

Liu VX, Winthrop KL, Lu Y, Sharifi H, Nasiri HU, Ruoss SJ. Association between Inhaled Corticosteroid Use and Pulmonary Nontuberculous Mycobacterial Infection. Annals ATS. 
2018;15(10):1169-1176. 
Brode SK, et al. The risk of mycobacterial infections associated with inhaled corticosteroid use. European Respiratory Journal. 2017;50(3)
Andréjak C, et al. Chronic respiratory disease, inhaled corticosteroids and risk of non-tuberculous mycobacteriosis. Thorax, 68 (3) (2013), pp. 256-262



Do all cases of MAC-LD 
require antibiotic treatment?

A. Yes
B. No



The decision to treat is complex.

Consider patient:

Griffith DE, Aksamit TR. Managing Mycobacterium avium Complex Lung Disease With a Little Help From My Friend. Chest. 2021;159(4):1372-1381.

1. comorbidities
2. prognosis
3. preferences

cavitary MAC-LD has increased mortality



Natural History

2017

488 treatment-naïve MAC-LD pts
• 60% progressed in 3 years and got antibiotics
• 25% remained stable and untreated
 50% of the stable patients had spontaneous sputum conversion

2019

551 pts with MAC-LD NO fibrocavitary disease
• 60% progressed & got treatment within 3 years and got antibiotics
• 40% remained stable and untreated
 50% of the stable patients had spontaneous sputum conversion

Daley CL, Winthrop KL. Mycobacterium avium Complex: Addressing Gaps in Diagnosis and Management. The Journal of Infectious Diseases. 2020;222(Supplement_4):S199-S211. 
Hwang  JA, Kim  S, Jo  KW, Shim  TS. Natural history of Mycobacterium avium complex lung disease in untreated patients with stable course. Eur Respir J 2017; 49:1600537. 
Kwon BS, Lee JH, Koh Y, et al. The natural history of noncavitary nodular bronchiectatic Mycobacterium avium complex lung disease. Respir Med 2019; 150:45–50.



Which susceptibility affects the 
antibiotic treatment regimen? 

A. Macrolide 
B. Rifampin
C. Ethambutol
D. All of the above
E. None of the above



If Macrolide-susceptible

OPT FOR:
• A 3-drug regimen that includes a macrolide over 

a 3-drug regimen without a macrolide in 
macrolide-susceptible disease (strong
recommendation, very low certainty in 
estimates of effect)

• Azithromycin-based treatment regimens rather 
than clarithromycin-based regimens 
(conditional recommendation, very low 
certainty in estimates of effect)

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive Summary. 
Clin Infect Dis 2020; 71:e1.

Loss of the macrolide 
 

markedly reduced rate of 
sputum culture 

conversion to negative 
and higher mortality



No. of Drugs Preferred Regimen Dose Dosing
Frequency

3 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol

500 mg/d (1000 mg/d)
600 mg/d (300 mg/d)
? mg/kg/d ?

Nguyen M, Daley C. Treatment of Mycobacterium avium Complex Pulmonary Disease. Clinics in Chest Medicine, 2023-12-01, Volume 44, Issue 4, Pages 771-783

Antibiotic Regimen 
for Macrolide-susceptible MAC-LD



What factor determines 3x 
weekly vs daily dosing?

A. Smear positive vs smear negative
B. MAC subspecies
C. Noncavitary vs cavitary disease
D. Patient age



A thrice-weekly, 3-drug regimen, is 
advised for patients without cavitary 

disease.

Studies have demonstrated similar 
efficacy and better tolerance when 

compared with daily administration.
Daley CL, Winthrop KL. Mycobacterium avium Complex: Addressing Gaps in Diagnosis and Management. The Journal of Infectious Diseases. 
2020;222(Supplement_4):S199-S211. Koh  WJ, Moon  SM, Kim  SY, et  al. Outcomes of Mycobacterium avium complex lung disease based on clinical phenotype. Eur 
Respir J 2017; 50:1602503. Wallace RJ Jr, Brown-Elliott BA, McNulty S, et al. Macrolide/ azalide therapy for nodular/bronchiectatic Mycobacterium avium complex 
lung disease. Chest 2014; 146:276–82.



Type of Disease No. of Drugs Preferred Regimen Dose Dosing
Frequency

Nodular-
bronchiectatic

3 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol

500 mg/d (1000 mg/d)
600 mg/d (300 mg/d)
25 mg/kg/d

3 times 
weekly

Cavitary ≥ 3 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol

250–500 mg/d 
(1000 mg/d)
600 mg/d (300 mg/d)
15 mg/kg/d

Daily

Suggest
Amikacin IV 
(streptomycin)

10–25 mg/d 3 times weekly

Nguyen M, Daley C. Treatment of Mycobacterium avium Complex Pulmonary Disease. Clinics in Chest Medicine, 2023-12-01, Volume 44, Issue 4, Pages 771-783

Antibiotic regimens for Macrolide-susceptible MAC-LD



Case

Patient started on triple drug therapy 
three times a week

• Azithromycin 
• Ethambutol 
• Rifampin

therapy 
started 

sequentially 
to monitor 

for side 
effects



Notable side effects
1. Azithromycin

• GI symptoms (~10%), prolonged QTc (<1%), hearing 
impairment/loss (post-marketing)

2. Ethambutol
• Optic neuropathy (reduced visual acuity or impaired red/green 

color discrimination, post-marketing) 

3. Rifampin
- Often chosen over rifabutin for tolerability, especially elderly
• GI symptoms, hepatotoxicity, hematologic, hypersensitivity
• CYP450 inducer
• Discoloration: teeth, urine, feces, saliva, sweat, and tears 

(yellow, orange, red, or brown)

Lexicomp Accessed 2/13/2024

Testing to consider before 
starting antibiotics

Labs: CMP, CBC
Audiology eval
Eye exam
ECG



Monitoring Treatment Response

• Continue treatment until culture negative for at least 2 
consecutive months 

• Monitor with surveillance cultures

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive Summary. 
Clin Infect Dis 2020; 71:e1.



How often do you check surveillance cultures 
after starting treatment?

A. Monthly starting after the 1st treatment month  
B. Monthly starting after the 3rd treatment month  
C. Once every three months after the 1st treatment month
D. Once every three months after the 3rd treatment month



“We recommend collecting respiratory 
specimens for culture every 1 to 2 months 
after initiation of therapy until there is 
sputum conversion to culture negative, 
which is defined as three consecutive 
negative sputum cultures. After that, we 
collect sputum every 2 to 3 months until 
therapy is completed with 12 months of 
sputum culture negativity while on therapy 
as determined by the date of the first 
negative culture”

Nguyen M, Daley C. Treatment of Mycobacterium avium Complex Pulmonary Disease. Clinics in Chest Medicine, 2023-12-01, Volume 44, Issue 4, Pages 771-783

Expert 
Opinion



65% to 85%
microbiologic 
treatment success 
with guideline- and macrolide-based 
therapy

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: 
Executive Summary. Clin Infect Dis 2020; 71:e1.
Adjemian J, et al. Lack of adherence to evidence-based treatment guidelines for nontuberculous mycobacterial lung disease. Ann Am Thorac Soc. 2014;11(1):9-16.

Poor adherence to 
guidelines by prescribers 

Survey of ~600 physicians 
only 13% of antibiotic 

regimens prescribed to 
patients with MAC met 

ATS/IDSA guidelines



Case

Patient continued to have positive cultures on TIW therapy



Refractory Disease
• Refractory = persistent positive sputum culture despite at least 6 

consecutive months of standard regimen

• CONVERT trial (2018)
• Randomized, open-label study of Amikacin liposome inhalation suspension 

(ALIS), a liposomal formulation of amikacin, inhaled once daily added to GBT
• Primary endpoint: culture conversion (3 consecutive monthly MAC negative 

cultures by Month 6)
• Addition of ALIS to GBT for treatment-refractory MAC lung disease 

significantly greater culture conversion by Month 6 than GBT alone, with 
comparable rates of serious adverse events

Griffith DE, Eagle G, Thomson R, et al. Amikacin Liposome Inhalation Suspension for Treatment-Refractory Lung Disease Caused by Mycobacterium avium Complex 
(CONVERT). A Prospective, Open-Label, Randomized Study. Am J Respir Crit Care Med. 2018;198(12):1559-1569. 



Type of Disease No. of 
Drugs

Preferred Regimen Dose Dosing
Frequency

Nodular-
bronchiectatic

3 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol

500 mg/d (1000 mg/d)
600 mg/d (300 mg/d)
25 mg/kg/d

3 times weekly

Cavitary ≥ 3 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol

250–500 mg/d 
(1000 mg/d)
600 mg/d (300 mg/d)
15 mg/kg/d

Daily

Consider
Amikacin IV (streptomycin)

10–25 mg/d 3 times weekly

Refractory ≥ 4 Azithromycin 
(clarithromycin)
Rifampicin (rifabutin)
Ethambutol
Amikacin liposome 
inhalation suspension

250–500 mg/d 
(1000 mg/d)
600 mg/d (300 mg/d)
15 mg/kg/d
590 mg/d

Daily

Suggest:
Amikacin IV (streptomycin)

10–25 mg/d 3 times weekly

Nguyen M, Daley C. Treatment of Mycobacterium avium Complex Pulmonary Disease. Clinics in Chest Medicine, 2023-12-01, Volume 44, Issue 4, Pages 771-783



Summary
1. Diagnosis and Identification

• Accurate and timely diagnosis of MAC infection can be challenging
• IDSA/ATS Guidelines outline clinical, radiographic, and microbiologic criteria for diagnosis
• MAC species identification is important, host factors also impact prognosis 

2. Treatment Regimens
• Involve patient in risk/benefit discussion of treatment
• If treating, need to establish if macrolide-susceptible or not
• Antibiotic regimen varies based on radiographic findings (nodular-bronchiectatic or cavitary)

3. Ongoing management
• Treat for 12 months once negative culture obtained
• There is no specific guideline about sputum culture monitoring, more often is often 

encouraged
• Treatment refractory – no negative culture after 6 months of therapy, consider ALIS
• Avoid ICS unless necessary



supplementary slides



Fedrizzi T, Meehan CJ, Grottola A, et al. Genomic characterization of Nontuberculous Mycobacteria. Sci Rep. 2017;7(1):45258

Nontuberculous 
mycobacteria 
(NTM) – 

>190 species and 
subspecies

http:// www.bacterio.net/mycobacterium.html



The most common NTM culprits for lung disease

Slow Growing
>7 days to grow in subcultures

Fast Growing
Grow in <7 days

Mycobacterium avium complex (MAC) Mycobacterium abscessus

Mycobacterium kansasii

Mycobacterium xenopi

Daley CL, Iaccarino JM, Lange C, et al. Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline: Executive Summary. 
Clin Infect Dis 2020; 71:e1. 
Henkle  E, et al. Surveillance of extrapulmonary nontuberculous mycobacteria infections, Oregon, USA, 2007–2012. Emerg Infect Dis 2017; 23:1627–30.



Ratnatunga CN, Lutzky VP, Kupz A, et al. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Front Immunol. 2020;11:303. 



Ratnatunga CN, Lutzky VP, Kupz A, et al. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Front Immunol. 2020;11:303. 



Ratnatunga CN, Lutzky VP, Kupz A, et al. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Front Immunol. 2020;11:303. 



Ratnatunga CN, Lutzky VP, Kupz A, et al. The Rise of Non-Tuberculosis Mycobacterial Lung Disease. Front Immunol. 2020;11:303. 



Am J Respir Crit Care Med. 2006 Jun 1;173(11):1283-9.

Culture response rates were 4.00 
times higher for those with 
noncavitary disease compared 
with those with cavitary disease
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OBJECTIVES

 Describe how bronchial artery embolization (BAE) is performed, including how 
patients are stabilized and supported in the emergency setting.

 Describe which patients are most appropriate for elective bronchial artery 
embolization and the ideal timing of referral.

 Understand which etiologies of hemoptysis are and are not amenable to BAE.



QUANTIFYING HEMOPTYSIS

Massive = “Major”, “Exsanguinating”, “Severe”
>100 mL to 1000 mL in 24 hours

• Quantification can be difficult
Frequently under-reported or exaggerated

• Mortality risk is not entirely related to amount
Airway obstruction, hypotension, blood loss

Radchenko et al. J Thorac Dis 2017; 9: S1069-1086



MANAGEMENT OF MASSIVE HEMOPTYSIS

Radchenko et al. J Thorac Dis 2017; (9): S1069-1086



ANATOMIC CAUSES OF HEMOPTYSIS

Earwood JS and Thompson TD.  Hemoptysis: Evaluation and Management. Am Fam 
Physician. 2015;91(4):243-249 (Adapted with permission from Weinberger SE, Lipson DA. 
Cough and hemoptysis. In: Fauci AS, Braunwald E, Kasper DL, et al., eds. Harrison's 
Principles of Internal Medicine. 17th ed. New York, NY: McGraw-Hill; 2008:227.)



BRONCHIAL ARTERY ANATOMY



POSSIBLE ETIOLOGY BY HISTORY

Earwood JS and Thompson TD.  Hemoptysis: Evaluation and 
Management. Am Fam Physician. 2015;91(4):243-249 
(Adapted with permission from Weinberger SE, Lipson DA. 
Cough and hemoptysis. In: Fauci AS, Braunwald E, Kasper 
DL, et al., eds. Harrison's Principles of Internal 
Medicine. 17th ed. New York, NY: McGraw-Hill; 2008:227.)



STANFORD PROTOCOL FOR BAE IN CF PTS

Indications for BAE
• > 240 mL in 24 hours (“massive hemoptysis”)
• > 100 mL per day for 3 days
• > 50 mL and hemodynamic instability
• FEV1 < 40% of predicted and recurrent tsps. Of 

blood over multiple days



ACR APPROPRIATENESS CRITERIA

https://acsearch.acr.org/docs/69449/Narrative



ACR APPROPRIATENESS CRITERIA

https://acsearch.acr.org/docs/69449/Narrative



ACR APPROPRIATENESS CRITERIA

https://acsearch.acr.org/docs/69449/Narrative



CLINICAL EXAMPLE

34-year-old s/p HSCT

 Complicated post-op course
HLH, HHV viremia, AKI

• Bronchoscopy confirmed 
bleeding from RLL

• CTA to define bronchial 
arterial anatomy






BRONCHIAL ARTERIOGRAM






GLUE EMBOLIZATION



BRONCHIAL ARTERY ANATOMY

• 9 Branching patterns (the above account for > 90 %)
Bronchial arteries typically arise at the level of the major bronchi 

(T5-T6)



NON-BRONCHIAL SYSTEMIC ARTERIES

Yoon et al. RadioGraphics 2002; 22: 1395-1409.

• Aberrant bronchial arteries
Arise outside of T5-T6 (major bronchi)
Prevalence between 8 and 35%
Arch, IMA, Thyrocervical trunk, subclavian, 

costocervical trunk, brachiocephalic, 
pericardiacophrenic, inferior phrenic, 
abdominal aorta

• Non-bronchial systemic arteries
Enter parenchyma via pleural adhesion or 

the pulmonary ligament
Do not parallel the major bronchi



IMPORTANT RELATED ANATOMY

• Arteria Radicularis Magna
“Major anterior segmental medullary artery”
Albert Wojciech Adamkiewicz (1850-1921)

• Typically arises from left posterior 
intercostal artery from T9-T12

Can arise from T8 to L2

• Supplies lower two-thirds of spinal 
cord (lumbar and sacrum)

Occlusion leads to paraplegia and loss of 
sense of pain, touch, and temperature 
and sphincter control.

• ~30% arises from the right
• ~25% have two 1,2 Melissano et al. Eur J Vasc Endovasc Surg 2010; 39: 436-40. 

Takase et al. Radiology 2002; 223: 39-45.



MEDULLARY  VS. RADICULAR ARTERIES

Yoon et al. RadioGraphics 2002; 22: 1395-1409.



BAE FOR NON-MASSIVE HEMOPTYSIS

Gachon Medical Center
Retrospective review of 233 patients 
accrued from 2005-2014success for 
BAE

162 BA, 19 NBSA

• 5 Clinical failures (7.8%)
2 lobectomy, 2 medical, 1 death 
from continued hemoptysis

 Cystic type more likely vs. 
columnar or varicose (p<0.028) 
for both groups

Hwang et al. Resp Res 2021; 22: 221-230
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BAE FOR NON-MASSIVE HEMOPTYSIS

Gachon Medical Center
Retrospective review of 233 patients 
accrued from 2005-2014success for 
BAE

162 BA, 19 NBSA

• 5 Clinical failures (7.8%)
2 lobectomy, 2 medical, 1 death 
from continued hemoptysis

 Cystic type more likely vs. 
columnar or varicose (p<0.028) 
for both groups

Hwang et al. Resp Res 2021; 22: 221-230



TECHNIQUE AND RESULTS

Pre-op CT available in 95.3%
Routine use of microcatheters
or BAE

162 BA, 19 NBSA

• 5 Clinical failures (7.8%)
2 lobectomy, 2 medical, 1 death 
from continued hemoptysis

 Cystic type more likely vs. 
columnar or varicose (p<0.028) 
for both groups

Hwang et al. Resp Res 2021; 22: 221-230



OUTCOMES

Median follow-up 197 days
Recurrent bleeding in 64 pts (27.5%)
Second BAE in 42 patients 

Same vessel in 5 (11.9%)
TB sequelae most common association (p <0.001) 
Aberrant bronchial artery or systemic collaterals 
statistically significant (p <0.021)

After 2013, authors transitioned to nBCA
Fewer rebleeding events in glue group (p<0.05) 
Variety of agents used limits the study

Hwang et al. Resp Res 2021; 22: 221-230



BAE FOR BRONCHIECTASIS

Follow up of original cohorts (126 pts)
Patients with episodic massive (> 300 mL 
within 24 hours) hemoptysis or recurrent 
non-massive hemoptysis

, 19 NBSA

• 5 Clinical failures (7.8%)
2 lobectomy, 2 medical, 1 death 
from continued hemoptysis

 Cystic type more likely vs. 
columnar or varicose (p<0.028) 
for both groups

Takeda et al. Respiration 2020; 99: 961-969



TECHNIQUE AND RESULTS

Pre-op CT available in all patients
Routine use of microcatheters and 
coils (no other agents)

Recurrence in 19 patients (17.9%)
Massive: non-massive 4:15
No significant correlations

Second BAE in 13 patients
Recanalization (12), collaterals (6), new 
arteries (4) and/or all of the above

Takeda et al. Respiration 2020; 99: 961-969



OUTCOMES

Hemoptysis control
Recurrence-free rate at 1, 3, and 5 years
Tech Success: 93.5%, 85.6%, and 84.1%
Tech Failure: 71.4%, 71.4%, and 57.1%

Takeda et al. Respiration 2020; 99: 961-969



69 BAE Procedures
 9 patients lost to follow-up

100% Technical success
162 BA, 19 NBSA

92% Clinical success
2 lobectomy, 2 medical, 1 death 
from continued hemoptysis

No major complications

Lu et al. BMC Pulmonary Medicine 2022; 22: 394.



47 Patients conservatively treated

Assignment according to hospital 
records

 Antibiotics, correction of hypoxemia, 
blood products, hemostatic drugs 
(pituitrin, phentolamine)

Lu et al. BMC Pulmonary Medicine 2022; 22: 394.



MORPHOLOGIC TYPES OF 
BRONCHIECTASIS

Lu et al. BMC Pulmonary Medicine 2022; 22: 394.



RETROSPECTIVE COMPARISON OF BAE TO 
”CONSERVATIVE” MANAGEMENT

1-, 2-, and 3-year hemoptysis-free 
survival rates higher in BAE group

5 Patients in the conservative group 
died due to recurrent hemoptysis 
vs. 1 in the BAE group

Cystic type more likely to have 
recurrent hemoptysis vs. 
columnar or varicose (p<0.028) 
bronchiectasis for both groups

Consider surgical management in 
this group? Lu et al. BMC Pulmonary Medicine 2022; 22: 394.



Woo et al. Radiology (2013) 269: 594

Retrospective review

485 patients from Jan 2005 – Dec 2008
 406 patients had 3-year follow-up

403 had pre-op CT
Bleeding focus identified in 367

67 had pre-op FOB
Bleeding focus identified in 41



Woo et al. Radiology (2013) 269: 594

NBCA VS. PARTICLES

Fewer same-vessel recanalizations with nBCA
Overall complication rates similar (34.1% vs. 31%)
Major complication rates the same 0.3% vs. 0%



Overall 1, 3, and 5-year hemoptysis-
free survival rates 

77%, 68%, and 66% for PVA and 
88%, 85%, and 83% for nBCA 

      (p = .01)

1, 3, and 5-year hemoptysis-free 
survival rates for bronchiectasis

79%, 71%, and 69% for PVA and 
100%, 95%, and 95% for nBCA 

      (p = .01)

Woo et al. Radiology (2013) 269: 594

Bronchiectasis sub-group
Hemoptysis-free survival

OUTCOMES



Bronchial artery embolization for treatment of hemoptysis is safe and 
effective 

• Similar outcomes for massive, submassive, and intermittent

Hemoptysis-free survival rates are lower for hemoptysis due to MAC or 
CPA

• More aggressive disease, more recruits (especially NBSC’s) 

Higher hemoptysis-free survival rates for bronchiectasis using nBCA
• Cylindrical and varicose types >> Cystic bronchiectasis

SUMMARY



Շնորհակալություն



CTD-Associated Bronchiectasis 
and airways disease

Jonathan Graf, MD
Professor of Medicine, UCSF

Division of Rheumatology, 
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therapeutics in Rheumatic Diseases
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Serra et al. JBR–BTR, 2015, 98: 3-19.

Pulmonary Complications of Collagen 
Vascular Diseases



Follicular Bronchiolitis

• Can be seen in many CVD’s including 
rheumatoid arthritis and Sjogren’s 
syndrome

• Hyperplasia of bronchiole-associated 
lymphoid tissue

• Lymphocytic proliferation and extra nodal 
lymphoid follicles with germinal center 
formation around the bronchioles that 
leads to narrowing of the airway lumenDuarte et al. Pulmonol.2019;25(1):62---64



RA-associated Follicular Bronchiolitis
• Clinically manifests as:

• Progressive obstructive disease
• Dyspnea
• Reduction in FEV1

• HRCT findings can be non-specific but often 
feature:

• Centrilobular nodules
• Hyperinflation
• Mosaic perfusion
• Air-trapping

• Biopsy is often only way to confirm diagnosis

• Clinical response to immunosuppressives such as 
corticosteroids and possibly macrolides



RA-associated Obliterative Bronchiolitis 

• RA most common CTD associated with OB

• RA-OB often a clinical diagnosis in setting of 
significant airflow obstruction not believed to 
be due to COPD (e.g. no smoking hx)

• HRCT often shows bronchial wall thickening +/-
pulmonary infiltrates with lobular areas of 
decreased attenuation and mosaic perfusion 

• Air-trapping can be dynamic and seen on expiratory 
images

Lynch et al. Journal of Thoracic Imaging24(4):299-309, November 2009.



• Concentric fibrosis of bronchial wall + 
narrowing of the lumen

• +/- inflammatory infiltrates

• Poorer response to immunosuppression 
compared to FB

• Poorer prognosis

• Therapy combination of bronchodilator and 
immunomodulatory therapies +/-
macrolides

• Early referral for lung TXP if indicated

RA-associated Obliterative Bronchiolitis 

Barker et al. N Engl J Med 2014; 370:1820-1828



Patient B.A.

72 YO female non-smoker with 
history of seropositive destructive 
RA.  She is currently treated with 
methotrexate and etanercept with 
partial disease response.  However 
she has continued to have frequent 
cough, sputum production, and 
fatigue. Her CT is shown to the right: 



RA-associated Bronchiectasis
• Irreversible damaged and dilated bronchi

• Primary airway disease or secondary to fibrotic ILD with traction
• Damage often vicious-cyclical result of long-term damage to airways leading 

to thickening, dilation, increased mucous production, and often recurrent 
infection

• Prevalence of bronchiectasis as high as 31% in unselected RA patients 
screened with HRCT1  

• Prevalence of symptomatic bronchiectasis is 2-12%2

1Wilczynska et al. Resp Care 2013;58:694-701
2Duarte et al. Joint Bone Spine . 2020 Oct;87(5):419-424. 



Overall Prevalence of Bronchiectasis in RA:
Meta-analysis of 36 studies

Martin, Sparks, et al. Semin Arthritis Rheum . 2021 Oct;51(5):1067-1080. 



• Chronic cough 

• Frequent (even daily) sputum production.  Worse in AM.

• Frequent respiratory infections

• Rhinosinusitis

• Fatigue

• Occasional mild hemoptysis

• Dyspnea

RA-associated Bronchiectasis: Clinical 
Presentation



• Patients with RA-bronchiectasis 
had higher disease activity than 
those with RA alone

• Seropositivity (RF and anti-CCP) 
associated with bronchiectasis

• Higher autoantibody titers 
strengthen association with 
bronchiectasis

RA-associated Bronchiectasis: Clinical 
Associations

Perry et al. Int Journal Rheum Dis 2017;20:2003-2011



RA-Bronchiectasis: Significant Morbidity and 
Mortality

• Taiwanese cohort study 2006-
2017

• 10,000+ patients bronchiectasis
• 343 with RA
• Primary outcome: respiratory 

failure or death
• Severe exacerbations: ED visit or 

hospitalization  

Lin et al. Front. Med. 2022 9:1004550.



• Up to 30% mortality at 3 years 
post diagnosis, especially for 
patients in whom RA diagnosis 
predates diagnosis of 
bronchiectasis

• Mortality primarily from 
pulmonary infections, CVD, and 
RA-related complications

RA-Bronchiectasis: Significant Morbidity and 
Mortality

Lin et al. Front. Med. 2022. 9:1004550.



RA-Bronchiectasis Treatment

• All patients with clinically significant RA and bronchiectasis should be co-managed by 
pulmonologists, rheumatologist, and respiratory therapists (pulmonary rehab program)

• Rule out other causes of bronchiectasis and recurrent sinopulmonary infections if indicated
• CVID
• B-cell depleting and other immunotherapies (If Igs low, consider IvIg)
• Consideration of CFTR gene testing

• Vaccination against pneumococcal, influenza and other respiratory viruses

• Consideration of prophylactic antibiotics (e.g. macrolides) in setting of frequent (>3/year) or 
severe (hospitalization for Iv Abx) infections

• Consideration of inhaled corticosteroids/LABA



Debate: Choice of RA treatments in patients 
with Bronchiectasis

Infections 
Bronchitis and bronchiectasis flares
Worsening cycle of Bronchiectasis 

Suppression of disease activity
Potential reduction in airway inflammation

Reduced airway remodeling



Risk of Lower Respiratory Tract Infection and 
RA Treatment

Geri et al. BMC Infectious Diseases 2011, 11:304

• No general guidelines: 
• Treat RA regardless of bronchiectasis
• Caution use of biological DMARDs

• Known NTM
• Perhaps favor macrolide use 



RA-Bronchiectasis Pathogenesis

Winifred Emery as Lady Windermere, 1892



RA-Bronchiectasis pathogenesis: Infection 
hypothesis

• Chronic and/or recurrent airway infection drives airway 
inflammation, damage, mucous plugging, and 
susceptibility to further infection

• Immunosuppressive therapy may predispose to airway 
infection

• Intrinsic disease-specific factors in airways may 
contribute to airway colonization and infection (chronic 
airway inflammation with mucous production)

• Sputum cultures in Taiwanese cohort positive most often 
for NTM and Pseudomonas both overall and in those 
patients with a severe exacerbation over 3 year follow up

Lin et al. 2022. Front. Med. 9:1004550.



• Family-based association 
study

• Proband with both RA and 
DB and one affected first-
degree relative with RA 
and/or DB 

• All un/affected subjects and 
interviewed DNA examined

• HRCT on all RA and those 
with at least 2 symptoms DB

Puechal et al. Ann Rheum Dis 2011;70:653–659.

RA-Bronchiectasis pathogenesis: Genetic 
Predisposition Hypothesis



• 5+ fold increased odds of having 
CFTR gene mutation in RA with DB 
vs RA alone

• Driven mostly by mutations in 
cluster “C” mutations

• DB risk driven mostly by cluster “A” 
mutations

• Suggests possible genetic 
mechanism linking RA and an 
extraarticular manifestation

Puechal et al. Ann Rheum Dis 2011;70:653–659.

RA-Bronchiectasis pathogenesis: Genetic 
Predisposition Hypothesis



RA-Bronchiectasis pathogenesis: RA-related 
Autoimmunity Damages the Airways Hypothesis

• Antibodies to citrullinated proteins are a hallmark of autoimmune response in RA

• Seropositive patients, whether they have early RA or are asymptomatic have more airway abnormalities on 
HRCT than antibody negative controls

Demoruelle et al. Arth Rheum 2012.64;6.1756–1761



“CTD”-associated Bronchiectasis
Demoruelle et al. Arthritis Rheumatol. 2018 Apr;70(4):516-527. 



Bronchiectasis-associated “CTD”
Demoruelle et al. Arthritis Rheumatol. 2018 Apr;70(4):516-527. 



Hallmark of RA-associated Autoimmunity: Auto-reactivity
to Peptides that Contain Citrulline

Deiminase removes amino group

Peptide sequence Antibody recognition

ESSRDGSRHPRSHD No

PADI

ESSRDGScitHPRSHD Yes



Preclinical autoimmunity in RA:
appearance of anti-CCP antibodies and RF 

prior to onset of arthritis

Nielen et al Arth Rheum 50: 380, 2004



Sputum autoantibodies in RA patients and 
those at high risk for developing RA

Sputum specific anti-citrullinated protein antibodies (ACPA) in RA patients vs. controls

Sputum positive ACPA in at RA-at risk vs healthy controls, regardless serum ACPA +/-

Demoruelle et al. Arthritis Rheumatol. 2018 Apr;70(4):516-527. 



Quantifying RA risk based upon 
genetics and environmental exposure

Malmstrom, Klareskog et al. Nat Rev Immunol 2017



Mucosal hypothesis: Generation of Local 
Followed Later by Systemic Autoimmunity



Summary
• Airways disease is a common manifestation of  CTD systemic

autoimmune diseases and is often overlooked compared to 
recognized parenchymal ILD

• Follicular bronchiolitis, Obliterative Bronchiolitis, and 
Bronchiectasis most commonly encountered RA and 
Sjogren’s syndrome

• No guidelines to manage RA in setting of bronchiectasis
• Caution using biological DMARDs (esp anti-TNF) in setting of NTM



Summary Continued

• Several overlapping theories for why bronchiectasis is more 
commonly associated with RA: RA disease activity may drive 
pathogenesis of bronchiectasis

• However, pathogenesis of RA may actually begin in the lung.  
And airways inflammation may be site of initial autoimmune 
response 



Lady Windemere’s Contemporary: Renoir



Mycobacterium abscessus 

Mohamed Fayed MD, FCCP
Associate clinical professor

UCSF Fresno
Pulmonary critical care division 



RELEVANT FINANCIAL DISCLOSURES

▪ No financial disclosure 

▪ I WILL discuss off-label use of some drugs. 



Objectives 

▪ Case

• Diagnosis

• Therapy plan

‒ None pharmacological plan

‒ Pharmacological plan



Case
▪ 73 year-old presents with symptoms of 1 years

• Worsening cough overtime

• More short of breath with exertion

• weight about 20lbs in the past 6 months

• Non smoker, history of hypertension, osteoporosis and depression 



▪ What work up do you like to obtain

A. PFT and chest x-ray

B. PFT and CT scan 

C. No need for work up, just inhaler

D. CT scan only 



▪ Clinical symptoms are suggestive of malignancy, chronic infection, airway 
disease

• PFT

• CT scan 









▪ Clinical symptoms of chronic infection

• Yes

▪ Radiological symptoms of chronic infection

• Yes

▪ Next step?



Microbiology







Diagnosis

▪ What are the criteria of non tuberculous mycobacterium (NTM) lung disease

A. It is a clinical diagnosis

B. it needs microbiological evidence 

C. It needs radiological evidence 

D. All of the above 



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Clinical symptoms

▪ Recurrent bronchitis

▪ Recurrent pneumonia

▪ Fatigue

▪ Weight loss



Radiology

▪ Nodular or cavitary opacities on chest imaging 

• Computed tomography scan that shows bronchiectasis with multiple small 
nodules 

Cavitary diseasebronchiectasis with multiple small 
nodules 



Microbiology

▪ Identification

• 2 separate sputum or

• One BAL or bronchial wash or

• One lung biopsy



Microbiology
Macrolide susceptibility 

▪ Susceptibility-based treatment for macrolides 

• For macrolides, a 14-day incubation and/or sequencing of the erm(41) 
gene should be performed to evaluate for potential inducible macrolide 
resistance. 



Microbiology
Macrolide susceptibility 

▪ Mutational resistance: 
• Isolate determined to be phenotypically susceptible at 3–5 days of incubation in 

culture. 
• Isolate determined to be phenotypically resistant at 3–5 days of incubation or 

sequencing identifies 23S rRNA (rrl) gene mutation know to confer resistance. 
▪ Inducible resistance: 

• Functional erm(41) gene—Isolate determined to be resistant after 14 days of 
incubation or sequencing identifies functional gene sequence. 

• Nonfunctional erm(41) gene—Isolate determined to be susceptible after 14 days 
of incubation or sequencing identifies truncated sequence or C28 mutation (in 
subspecies abscessus). 



Microbiology
Amikacin susceptibility

▪ Resistance to amikacin high MIC (>64 μg/mL) 
▪ Amikacin is an important drug used for treatment of M. abscessus 

pulmonary disease. 
• Resistance to amikacin IV or amikacin liposome inhalation suspension 

(ALIS) 

• Mutation (A1408G) in the 16S rRNA (rrs) gene that has been associated 
with a high MIC (>64 μg/mL) and previous exposure to amikacin 



Microbiology
Other drugs

▪ IV drugs
• Cefoxitin 
• Imipenem 
• Tigecycline

▪ Oral drugs
• Linezolid 
• Doxycycline 
• Ciprofloxacin and moxifloxacin 
• Clofazimine 



Microbiology
Sub-species 

▪ M. abscessus subsp. massiliense 

• Nonfunctional erm(41) gene 

• M. abscessus subsp. massiliense develops mutational macrolide 
resistance with a mutation in the 23S rRNA gene 

▪ M. abscessus subsp. abscessus and subsp. bolletii 

• Functional erm(41) gene

• M. abscessus subsp. abscessus C28 sequevar isolate does not exhibit 
inducible resistance to macrolides 



New nomenclature! 

▪ Mycobacterial species into the five described clades 

1. Mycobacterium emended gen corresponding to "Tuberculosis-Simiae" 
clade, which includes all of the major human pathogens

2. Mycolicibacterium gen. nov, corresponding to the "Fortuitum-Vaccae 
clade

3. Mycolicibacillus gen. nov, corresponding Triviale clade 

4. Mycolicibacter gen. nov corresponding Terrae clade

5. Mycobacteroides gen. nov. corresponding Abscessus-Chelonae

Phylogenomics and Comparative Genomic Studies Robustly Support Division of the 
Genus Mycobacterium
Radhey S Gupta, Front Microbiol. 2018 Feb 13:9:67.doi: 10.3389/fmicb.2018.00067. eCollection 2018





We believe the new nomenclature has the potential to cause confusion and provides no benefits 
to the field of clinical mycobacteriology. 
Accordingly, in this editorial,  we aim to provide clinicians involved in the management of patients 
with NTM disease state of the art information about rules regulating the nomenclature of 
prokaryotes and that, in spite of this recent publication, the currently used nomenclature of NTM 
can remain unchanged.

Eur Respir J. 2019 Jul 11;54(1):1900795.doi: 10.1183/13993003.00795-
2019.Print 2019 Jul.



Management 

▪ None pharmacological therapy

• Exposure reduction 



Management

▪ None pharmacological therapy

• Airway clearance 



Management

▪ Pharmacological therapy

Improvement of 
symptoms

Medication side 
effect



Mutational 
Susceptible

Inducible 
Susceptible

Macrolide susceptibility

Initial phase 
IV plus oral therapy for at least 4 week

IV drug (1-2 drug)
• Imipenem 
• Cefoxitin
• Tigecycline 
• Amikacin

Oral drugs (2-3 drugs)
• Linezolid
• Doxcycline
• Ciprofloxacin
• Moxifloxacin
• Clofazmine 

Continuation phase  2-3 oral drugs for 12 month after negative culture



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Mutational 
Susceptible

Inducible 
resistant

Macrolide susceptibility

Initial phase 
IV plus oral therapy for at least 4 week

IV drug (2-3 drug)
• Imipenem 
• Cefoxitin
• Tigecycline 
• Amikacin

Oral drugs (2-3 drugs)
• Linezolid
• Doxcycline
• Ciprofloxacin
• Moxifloxacin
• Clofazmine 

Continuation phase  2-3 oral drugs for 12 month after negative culture



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Mutational 
resistant

Inducible 
Susceptible/resistant

Macrolide susceptibility

Initial phase 
IV plus oral therapy for at least 4 week

IV drug (2-3 drug)
• Imipenem 
• Cefoxitin
• Tigecycline 
• Amikacin

Oral drugs (2-3 drugs)
• Linezolid
• Doxcycline
• Ciprofloxacin
• Moxifloxacin
• Clofazmine 

Continuation phase  2-3 oral drugs for 12 month after negative culture



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



Monitoring drug side effect

▪ Every 1-2 month CBC/CMP on oral therapy

▪ Monthly audiogram/vestibular monitoring on IV aminoglycosides

▪ Weekly creatinine on IV aminoglycosides

▪ Frequent evaluation of balance, tinnitus, fullness

▪ Caution with fluoroquinolone related tendinopathy



Sputum collection

▪ After initial phase

• Culture conversion 

▪ After therapy completion

• Ensure culture conversion

▪ During therapy

• Depends!

• Every 2-3 month!



Back to the case 

▪ Tolerated IV Tigecycline for 4 weeks

▪ Tolerated inhaled Amkiacin for 3 weeks

▪ Currently on 2 oral drugs

• Linezolid

• Azithromcyin

• Waiting for Clofazmine 







Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official 
ATS/ERS/ESCMID/IDSA Clinical 
Practice Guideline. Clinical Infectious Diseases® 2020;71(4):e1–e36 



▪ Patient was placed on IV Tigecycline and inhaled Amikacin

▪ Oral azithromycin and linezolid

• Will add clofazimine 



▪ Thank you!
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