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Background and Objective: Non-tuberculous mycobacterial lung disease (NTM-LD) manifests with 
bronchiectasis, inflammatory bronchiolitis, nodules, and/or cavitation. Bronchiectasis is characterized 
by permanently dilated airways wherein mucus accumulates, creating a vicious cycle of chronic injurious 
inflammation and recurrent infections. While antibiotics are an important part of the treatment of NTM-
LD, airway clearance techniques to mitigate this pathogenic mechanism of bronchiectasis as well as 
other ancillary measures are also important components of NTM-LD treatment. The objective of this 
contemporaneous Narrative Review is to emphasize the importance of such ancillary measures. 
Methods: We searched PubMed for the key words of “airway clearance”, “pulmonary rehabilitation”, 
“nutrition”, “swallowing dysfunction”, “gastroesophageal reflux”, “vestibular dysfunction”, or “cochlear 
dysfunction” with that of “non-tuberculous mycobacterial lung disease”, “bronchiectasis”, or “respiratory 
disease”. The bibliographies of identified articles were further searched for relevant articles not previously 
identified. Each relevant article was reviewed by one or more of the authors and a narrative review was 
composed.
Key Content and Findings: Herein, we discuss five ancillary treatment measures that are pertinent to 
patients with bronchiectasis and NTM-LD: (I) airway clearance; (II) physical and pulmonary rehabilitation; 
(III) nutrition; (IV) diagnosis and mitigation of swallowing dysfunction and of gastroesophageal reflux disease 
(GERD); and (V) minimization of vestibular and cochlear dysfunction associated with some anti-NTM drugs.
Conclusions: While antibiotics is often the central focus of treatment of NTM-LD, given its propensity 
for recurrent and recalcitrant infection, other ancillary measures to break the vicious cycle of injurious 
inflammation and infection should also be emphasized to optimize treatment success.
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Introduction

Brief overview of non-tuberculous mycobacterial lung 
disease (NTM-LD)

Non-tuberculous mycobacteria (NTM) are ubiquitous 
environmental organisms of the home and natural habitats. 
NTM-LD is likely the most common manifestation of 
clinically relevant NTM infections (1). While NTM-LD is 
often a complication of pre-existing structural lung disease 
such as chronic obstructive pulmonary disease (COPD) 
or bronchiectasis, NTM may also be a primary cause of 
bronchiectasis. 

Rationale for emphasizing ancillary treatment measures 
for NTM-LD

Though much of the discussion of NTM-LD treatment has 
focused on the efficacy of specific antibiotics and cocktail 
regimens, ancillary treatments with favorable benefit-to-
risk ratio are intuitively important. Since bronchiectasis 
is irreversible and relapses or re-infections with NTM 
are relatively common, long-term ancillary treatment 
measures such as airway clearance become critically 
important. Moreover, airway clearance alone may result 
in the conversion of NTM sputum culture to negative 
in a minority of NTM-LD patients with relatively mild 
bronchiectasis (2,3). The objective of this review is to focus 
on the following ancillary measures that are relevant for 
NTM-LD: (I) airway clearance; (II) physical and pulmonary 
rehabilitation; (III) nutrition; (IV) diagnosis and mitigation 
of swallowing dysfunction and gastroesophageal reflux 
disease (GERD); and (V) minimization of vestibular and 
cochlear dysfunction associated with some of the anti-
NTM drugs. In a publication written by an individual with 
bronchiectasis, similar topics are discussed from a patient’s 
perspective, denoted by the acronym BE CLEARTM: 
“Breathing, Exercise, Clearance of airways, Laughter, 
Eating and drinking, Alternative therapies, and Relaxation, 
rest, and sleep” (4).

A thorough  pa t i en t  h i s to ry  and  examina t ion 
encompassing cough history (e.g., precipitators, time-of-
day), sputum production (e.g., amount, color, consistency), 
degree of shortness of breath, and symptoms of GERD help 
funnel what specific ancillary treatment measures should 
be emphasized. For example: (I) if coughing worsens while 
eating, exposure to cold air, or while lying down, then 
swallowing dysfunction, reactive airway disease, and GERD 
should be considered, respectively, as possible exacerbators 

of NTM-LD; (II) having a constellation of dental erosion, 
hoarseness due to laryngitis, chronic cough, and asthma/
wheezing may indicate extraesophageal manifestations of 
GERD (5); and (III) the presence of a localized rhonchi or 
wheeze helps target specific areas of the lungs for airway 
clearance. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://jtd.amegroups.com/article/view/10.21037/jtd-22-
410/rc).

Methods

We searched PubMed for relevant articles using the key 
words of “airway clearance”, “pulmonary rehabilitation”, 
“nutrition”, “swallowing dysfunction”, “gastroesophageal 
reflux”, “vestibular dysfunction”, or “cochlear dysfunction” 
with that of “non-tuberculous mycobacterial lung disease”, 
“bronchiectasis”, or “respiratory disease”. Citations from 
2000 to 2022 were preferentially referenced whenever 
possible. Further details of the literature search are 
described in Table 1. The bibliographies of identified 
articles were further perused for relevant articles not 
previously identified. Each relevant article was reviewed 
by one or more of the authors and a narrative review was 
composed. Since most of the references on treatments 
such as hypertonic saline (HS) and nutrition pertain to 
bronchiectasis in general or to those who are malnourished, 
respectively, and not necessarily to individuals with NTM-
associated bronchiectasis, we have used some of these 
published papers in this article but noted the limitations. 
While other topics such as control of sinusitis and 
optimization of sleep and mental health may indirectly 
impact respiratory health, they are not discussed in this 
narrative review.

Discussion

Airway clearance

Healthy individuals produce 10–100 mL of airway 
secretions per day. Normally, these secretions are cleared 
by the mucociliary escalator as well as transient increases 
in expiratory airflow during more forceful exhalation 
or coughing. Individuals with COPD (emphysema) and 
bronchiectasis often have excessive sputum production, 
which may be thick, tenacious, and difficult to expectorate. 
For patients with bronchiectasis, changes in rheologic 
properties of mucus, defects in mucociliary clearance, 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-410/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-410/rc
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Table 1 The search strategy summary

Items Specification

Date of search March 1, 2020 to June 15, 2022

Databases and other sources searched PubMed; up to June 15, 2022

Search terms used “Airway clearance”, “pulmonary rehabilitation”, “nutrition”, “swallowing 
dysfunction”, “gastroesophageal reflux”, “vestibular dysfunction”, or 
“cochlear dysfunction” with that of “non-tuberculous mycobacterial lung 
disease”, “bronchiectasis”, or “respiratory disease”

Timeframe 2000–2022

Inclusion and exclusion criteria Inclusion: English language only

Selection process EDC did the initial literature search with subsequent help from all 
authors

and ineffective cough all contribute to a vicious cycle of 
infection, inflammation, and airway damage (Figure 1). 
Chronic sputum production in patients with NTM-LD is a 
marker of more severe disease, reduced lung function, and 
worse health-related quality-of-life (HR-QoL) (6).

Chest physical therapy and airway clearance therapy 
(chest PT-ACT) are important components of treatment 
for all causes of bronchiectasis. However, a study of  
~1,800 bronchiectatic patients from the U.S. Bronchiectasis 
and Non-TB Mycobacteria Research Registry showed that 
only 56% of the subjects were employing such bronchial 
hygiene. Those with NTM-LD had greater use of bronchial 
hygiene (59% vs. 50%), chest percussion (19% vs. 12%), 

and use of positive expiratory pressure (PEP) valves (52% vs. 
40%) than those without NTM-LD (7). The same registry 
also showed that bronchiectatic patients with productive 
cough were more likely to use ACT if they experienced a 
prior exacerbation, hospitalization for pulmonary illness, or 
had Pseudomonas aeruginosa cultured (8). Unfortunately, the 
use of ACT was substantially lower at one-year follow up (8).  
In a retrospective analysis at enrollment and at one-year 
follow-up of bronchiectatic patients in the same registry, 
ACT use at baseline and follow-up was associated with 
greater odds of experiencing exacerbations at follow-
up compared to those who did not use ACT; the authors 
interpreted this counterintuitive finding as ACT use perhaps 
identified a more severe bronchiectasis population (8).  
Similarly, a prospective study of bronchiectasis patients 
showed that adherence to ACT was associated with 
lower (i.e., worse) scores in both the QoL-bronchiectasis 
Treatment Burden (i.e., spending longer time on treatment) 
and QoL-bronchiectasis Respiratory Symptoms domains 
(i.e., having more problematic respiratory symptoms) (9).  
Since airway clearance is low risk and intuitively helpful 
in patients with NTM-LD, it seems unlikely that 
randomized studies without an ACT arm will be conducted 
to determine its efficacy. Furthermore, there is indirect 
evidence for its beneficial effect in that in individuals with 
mild NTM-LD who are not treated with antibiotics but 
continued on ACT, 30–50% spontaneously convert their 
sputa to negative (3,10). Chest PT-ACT is comprised of 
a combination of: (I) breathing and cough techniques; (II) 
airway clearance devices; (III) skilled manual techniques and 
postural drainage; and (IV) pharmacologic agents to help 
mobilize airway secretions. The goals of chest PT-ACT 

Recurrent airway/lung
infections

Airway clearance
measures

Bronchiectasis

Chronic airway
inflammation

Ciliary dysfunction
Excessive mucus

Vicious cycle of bronchiectasis

Figure 1 Vicious cycle of bronchiectasis. Independent of the 
underlying risk factor for bronchiectasis, once it is established, 
bronchiectasis tends to beget more bronchiectasis. The excessive 
mucus and ciliary dysfunction in the bronchiectatic airway 
predispose to recurrent infections, which exacerbates airway 
inflammation, resulting in more mucus accumulation, ciliary 
dysfunction, and progression of bronchiectasis. In addition to 
treatment of infections, airway clearance measures can help 
mitigate these pathogenic mechanisms that drive bronchiectasis.
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are to enhance mucociliary clearance, improve ventilation 
and oxygenation, and reduce both breathlessness and cough 
frequency. Chest PT-ACT is usually performed twice a day. 
When possible, patients should initially be coached by a 
physical therapist trained in outpatient airway care. 

Breathing and cough techniques
Several breathing and cough techniques are available. All 
aim to facilitate secretion clearance and mobilize impacted 
sputum. The most common techniques utilized in patients 
with bronchiectasis and NTM-LD are the autogenic 
drainage (AD), pursed-lip breathing and huff cough (Forced 
Expiratory Technique), and Active Cycle of Breathing 
Technique (ACBT) (11).
AD technique
AD is an ACT comprised of a series of controlled 
breathing exercises aimed at achieving the highest possible 
expiratory airflow while minimizing bronchospasm and 
dynamic airway collapse (12). This technique loosens 
and mobilizes secretions from distal airways toward the 
proximal and larger central airways (13). The three phases 
of AD are comprised of escalating breath volumes (small, 

medium, and large tidal volumes) and active exhalation 
with mouth open. The exhalation should not be forceful 
as this may collapse the airways, obstructing mucus 
movement.
Pursed-lip breathing and huff cough
Pursed-lip breathing is an expiration technique wherein 
exhalation is performed through the mouth with the lips 
loosely apposed together, with the resistance created akin 
to blowing into a highly compliant balloon (Figure 2A). In 
essence, pursed-lip breathing creates PEP to stent airways 
open during exhalation. A huff cough (also known as the 
“forced expiratory technique”) is performed by forcibly 
exhaling slowly once or twice through an open mouth with 
the abdomen moving in, creating the “HAA ” sound as if 
fogging a mirror (Figure 2B). A 51 seconds video shows 
how a huff cough is done (14). Huff coughing optimizes 
shearing forces along the airway walls and mobilizes 
secretions to the proximal airways with less airway collapse 
than the active cough. Huff cough from low lung volumes 
mobilizes secretions from the peripheral to the central 
airways whereas from high lung volumes expectorates the 
secretions.

Pursed-lip breathing

Huff cough

Active cycle of breathing technique

Shallow, relaxed breaths in through 
the nose and out through pursed lips

(8–10 breaths)

Slow, deep breaths
(3–5 breaths)

Repeat until there is a 
sensation to clear sputum

Strong active cough to 
expectorate the sputum

2–3 huff coughs

A C

B

Figure 2 Basic breathing and cough techniques to help expectorate sputum. (A) Pursed-lip breathing: following inhalation, bring the lips 
loosely together and exhaled through the mouth against resistance. (B) Huff cough: with mouth open, inhale either a normal or deep breath, 
hold for 2–3 seconds, and then exhale using your abdomen, making a “HAA” sound, as in fogging a mirror. (C) ACBT is comprised of cycles 
of shallow and deep breathing, followed by huff and strong, active coughs. There are three steps to ACBT. Step 1: take 8 to 10 slow, shallow, 
relaxed breaths (also known as Breathing Control) in through the nose and out through pursed lips. Step 2: take 3 to 5 slow deep breaths, 
expanding the lung bases. If coughing is triggered by deep breathing, return to Step 1. Repeat Steps 1 and 2 until there is a sensation of 
secretions in the chest or throat, then proceed to the next step. Step 3: perform 2 to 3 huff coughs followed by strong, active coughs to 
expectorate the sputum. ACBT, Active Cycle of Breathing Technique.
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PEP Mask

Deep breath through nose
and hold 2–3 seconds

Choose resistor/resistance 
setting to PEP of 10–20 cm H2O.

Repeat 10–20X

Breathe out through PEP
device 3–4X longer than inhalation

Huff cough
(2–3X)

TheraPEP®

(Smiths Medical) Threshold PEP®

(Respironics)

Deep breath with active 
cough to clear phlegm

A

B

Figure 3 Positive expiratory pressure mucus clearing devices and their use. (A) PEP devices may be used with a mask or mouthpiece. (B) 
Algorithm of PEP use. PEP, positive expiratory pressure.

ACBT
ACBT is a cycle of 8 to 10 relaxed breaths, followed by 3 to 
5 deep breaths (Figure 2C). In contrast to the AD technique 
of exhalation through an open mouth, the exhalation in 
ACBT is performed through pursed lips. Once secretions 
are sensed or heard, then huff coughs followed by strong 
active coughs are performed. ACBT can be done sitting or 
in other postural drainage positions. If no secretions are 
sensed in the throat or chest after performing the relaxed 
and deep breaths for at least 5 to 7 cycles, the patient should 
proceed to huff and active coughs, and then re-start the 
cycle of relaxed followed by deep breaths. Each session may 
be repeated two to four times per day.

Airway clearance devices
PEP device
A PEP device requires the patient to perform exhalation 
against a set resistance, a maneuver that stents airways open 
and enhances mobilization of secretions, similar to pursed-
lip breathing. Several different types of PEP devices are 
available, including a PEP face mask with different color-
coded resistor options or a PEP mouthpiece with variable 
resistance determined by lumen size or a dial (Thera PEP® 
and Threshold PEP®) (Figure 3A). The general use of the 
PEP devices is summarized according to manufacturers’ 
instructions (Figure 3B). The resistance of the device is 
set to achieve an expiratory pressure of 10 to 20 cmH2O. 
There are no absolute contraindications to their use. 
Relative contraindications include untreated pneumothorax, 
increased intracranial pressure, and active hemoptysis. 
Currently, PEP devices are used principally to treat 

atelectasis since oscillatory PEP devices are superior for 
secretion clearance.
Oscillatory positive expiratory pressure (OPEP) therapy 
devices
OPEP therapy devices combine PEP with vibrations of 
the airway walls during active exhalation. The airflow 
oscillations created decrease the viscosity of sputum, 
facilitating mobilization of secretions (15). Two commonly 
used OPEP devices are the Acapella® and Aerobika® 
(Figure 4A,4B). Both can be used in most postural drainage 
positions. Directions for the use of the Acapella® and 
Aerobika® devices are shown in Tables 2,3, respectively. A 
video for use of the Acapella® is also available on-line (16).

Daily cleaning of the devices consists of disassembling 
parts as recommended by the manufacturer, soaking 
in warm, soapy water for 15 minutes, rinsing in cooled 
previously boiled water, and air drying. Weekly sterilizing 
options—if manufacturer allows—include placing the 
device: (I) on a colander and boiling in water for 10 minutes; 
(II) in 70% rubbing alcohol for 10 minutes and rinsing with 
cooled, boiled water; (III) in 3% hydrogen peroxide for  
30 minutes and rinsing; (IV) in microwave-safe steam bags, 
or (V) in a self-contained steam or ultraviolet light sterilizer, 
followed by thorough air drying before reassembling the 
device.
High frequency chest wall oscillation (HFCWO)
A HFCWO device is comprised of a wearable thoracic vest 
connected to an air-pulse generator capable of supplying 
various frequencies. The generator produces pressures 
of about 50 cmH2O, delivered at a frequency of around  
525 Hz, with the air-pulse oscillation (rapid cycle of 
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Low-flow
(children)

High-flow
(adults)

Body

Mouthpiece

Acapella® choice 
(children or adults-can also  

use nebulizer simultaneously)

Aerobika® with 
in-line nebulizer

Aerobika® with
manometer

Resistance dialA

B

Figure 4 Various OPEP devices. (A) Acapella® OPEP devices. Acapella® blue is for individuals who are only able to maintain expiratory 
flows of <15 liters/minute for 3 seconds and thus for patients with suboptimal inspiratory capacity such as children; and Acapella® green 
is for those who are able to maintain expiratory flows of >15 liters/minute for 3 seconds (most adults); Acapella Choice® can be used by all 
patients. (B) Aerobika® OPEP device with a manometer; a manometer guide correlating exhalation pressure with resistance indicator and 
number of beats per second (Hz) achievable; and the device attached to a nebulizer. OPEP, oscillatory positive expiratory pressure.

Table 2 Use of the Acapella®

Use

Assure proper setting of the resistance dial on the end of the Acapella® valve. Start at the mid-resistance point and rotate toward + or − 
to increase or decrease resistance as tolerated. Adjust resistance so that you can exhale for at least 3 seconds

Sit upright although various positions may be required for optimal drainage of secretions

Take in a bigger than normal breath through the nose and hold for 2 to 3 seconds

Place the mouthpiece in the mouth and seal lips tightly around it

Exhale actively (NOT forcefully and keeping the cheeks flat and firm) for at least 3 times longer than it took to inhale and until the flutter 
sound ceases

Repeat 10 times, then perform 3 huff coughs, followed by a big cough to bring out the sputum. These 10 exhalations and 3 huff coughs 
is one set

Repeat the above set 2 to 4 times per day

Cleaning

Clean the mouthpiece at the end of the day in water and liquid dish detergent, rinse, and dry thoroughly overnight

Disinfect once weekly by removing the mouthpiece and soak in 70% rubbing (isopropyl) alcohol for 5 minutes or 3% hydrogen 
peroxide for 30 minutes. Rinse thoroughly with water and drain/dry in a vertical position

inflation-deflation) felt as vibrations. The rapid oscillations 
increase expiratory flow, increase air-liquid interactions in 
the airways, decrease mucus viscosity, and facilitate mucus 
clearance from the peripheral to the central airways.

Several HFCWO devices are available, with each having 
different features, including how the vests are secured 
(Figure 5). Typically, HFCWO devices are used at intervals 

of 5, 7, or 10 minutes, followed by the ACBT and/or huff 
coughs. This cycle is repeated for 15 to 30 minutes for 
each session, with two sessions performed daily. HFCWO 
devices may be used simultaneously with nebulized HS. 
The use of HFCWO device in those with small airway 
disease may be associated with greater propensity for airway 
collapse (11).
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AffloVest® InCourage®

Smartvest® The Vest®Monarch®

Figure 5 The HFCWO devices. Several different manufactured HFCWO devices are shown. Basic instructions for set up and use are 
usually provided by the manufacturer technician, the use time and frequency by the pulmonologist, and incorporation of breathing 
techniques and/or OPEP devices with the HFCWO equipment by the physical therapists who specialize in secretion clearance techniques. 
See relevant text on additional discussions on its use. HFCWO, high frequency chest wall oscillation; OPEP, oscillatory positive expiratory 
pressure. 

Table 3 Use of the Aerobika®

Use

Inhale bigger than normal breath and hold 2 to 3 seconds

Place mouthpiece in mouth

Exhale for 3 to 4 times longer than inspiration, if able

Do 10 to 20 breaths as tolerated

Perform 2 to 3 huff coughs, followed by a deep cough

Repeat 2 to 4 times per day or as tolerated

Use with manometer

Aerobika® may come with a manometer, which gauges whether the expiratory blow is adequate. The manometer contains a green zone  
(5 to 20 cmH2O), yellow zone (20 to 40 cmH2O), and red zone (40 to 60 cmH2O). It is recommended to stay within the GREEN ZONE; e.g.,  
10 to 15 cmH2O pressure

Based on the chart below, at a resistance setting of “3”, if one exhales to 10 to 15 cmH2O pressure, this results in an airway beating 
frequency of 13 to 16 hertz

Use with nebulizer

Aerobika® may be used in-line with a nebulizer that contains a bronchodilator or hypertonic saline

There is an adaptor called AeroEclipse® specially designed to be use with the Aerobika®. It is a breath-actuated small volume nebulizer. 
Aerosolized medication is only produced when patients inhale through the device. This means that between breaths or during breaks in 
treatment, prescribed medication is contained in the cup and there is less medication waste
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Skilled manual techniques and postural drainage
Skilled manual techniques
With the introduction of OPEP and HFCWO devices, 
manual techniques to mobilize secretions are used less 
frequently. Still, some patients prefer them alone or in 
conjunction with OPEP and/or HFCWO devices, especially 
if there is a family member with technical expertise. Skilled 
manual techniques include percussion, shaking, and vibration. 
Percussion is performed over the chest wall using cupped 
hands (“clapping”) (Figure 6A). Shaking consists of larger and 
slower movements, performed with a downward and inward 
motion of both hands over the chest wall (Figure 6B). Vibrating 
uses smaller and more rapid manual movements over the chest 
wall (Figure 6C). While percussion is performed during normal 
breathing or during a deep breath hold, shaking and vibration 
are performed during expiration.
Postural drainage
Postural drainage utilizes body positioning and gravity 
to facilitate mobilization and expectoration of airway 
secretions. Patients position themselves to target specific 
lung lobes (Figure 7A-7I), followed by skilled manual 
techniques (or use of an OPEP device and/or ACBT/
huff coughs) to disrupt airway secretions and to facilitate 
expectoration. If GERD is present, certain postural drainage 
positions—such as prone and head down positions—should 
either be modified or avoided.

Pharmacologic agents to help mobilize airway 
secretions
HS solution
While HS is commonly used in patients with cystic 

fibrosis (CF) and non-CF bronchiectasis including those 
with NTM-LD (17), the available studies are relatively 
small and most often compared to isotonic (0.9%) 
saline. In CF patients with bronchiectasis, nebulized 
HS modestly improves lung function [forced expiratory 
volume in the first second (FEV1) increased by 3–4% at 
four weeks of treatment but not at 48 weeks], reduces 
the frequency of pulmonary exacerbations, and enhances 
sputum clearance (18).

Four studies have analyzed the efficacy of HS in non-
CF subjects and one with NTM-LD. In a four-week trial 
of 24 subjects with non-CF bronchiectasis of isotonic 
vs. 7% HS, use of HS resulted in greater sputum weight 
and ease of expectoration, and less viscosity compared to 
isotonic saline use (19). In a follow-up, randomized cross-
over study of 30 patients of daily isotonic saline vs. 7% HS 
for three months for each of the two phases, 7% HS was 
superior to isotonic saline with regards to increase in FEV1 
and ease of expectoration as well as significant decrease 
in respiratory symptoms, antibiotic usage, and emergency 
room visits (20). In contrast to these salubrious effects of 
HS, a study of 40 subjects with non-CF bronchiectasis 
showed no difference in exacerbation frequency, QoL 
parameters, sputum colonization, or FEV1 after one year 
of treatment when randomized to either isotonic saline or 
6% HS (21). Similarly, in 22 patients with primary ciliary 
dyskinesia who underwent a randomized, cross-over study 
of isotonic saline vs. 7% HS for 12 weeks each, there were 
no differences in the FEV1, forced vital capacity (FVC), 
St George’s Respiratory Questionnaire score, number of 
exacerbations, or inflammatory markers (22). Only the 
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Shaking Vibrating

Chest wall

A B C

Figure 6 Manual techniques. (A) Cupped hand used for “clapping” chest physiotherapy to help disrupt airway mucus. This “cupping-and-
clapping” technique can be performed with one or both hands and is applied relatively rapidly to the chest wall in a patient who is supine, 
prone, sitting up, or in another position. (B) Position of the hand used for the shaking technique (the larger movements depicted by the 
longer double-arrow) or (C) the vibrating technique (the smaller movements depicted by the shorter double-arrow) typically performed 
on and parallel to the chest wall. The orientation of the hand depicted is for shaking or vibrating the chest wall in a patient who is sitting 
upright.
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Figure 7 Postural drainage positions. The different positions used are aimed to target drainage from specific lung lobes and segments.  
(A) Upper lobes, apical segments: patient sits and leans back 30 degrees. Cupping and clapping over area between the clavicle and top of 
scapula on both sides. (B) Upper lobes, posterior segments: patient leans forward 30 degrees. Cupping and clapping over upper back on 
both sides. (C) Upper lobes, anterior segments: patient lies supine with knees bent. Cupping and clapping between clavicles and nipples on 
both sides. (D) Right middle lobe: patient lies in Trendelenburg position and rotate to left 1/4 turn with knees flexed. In males, cupping and 
clapping over right nipple area. In women, raise right arm over the head and perform cupping and clapping at mid-axillary line. (E) Lingula: 
patient lies in Trendelenburg position and rotate to right 1/4 turn with knees flexed. In males, cupping and clapping over left nipple area. In 
women, raise left arm over the head and perform cupping and clapping at mid-axillary line. (F) Lower lobes, anterior basal segments: patient lies in 
Trendelenburg position on contralateral side with pillow under knees. Cupping and clapping over lower ribs at mid-axillary line. (G) Lower lobes, 
lateral basal segments: patient lies in Trendelenburg prone position and rotate 1/4 turn upward ipsilaterally with legs between pillow and upper legs 
flexed. Cupping and clapping over upper part of lower ribs. (H) Lower lobes, posterior basal segments: patient lies in Trendelenburg prone position 
with pillows under hips. Cupping and clapping over lower ribs just lateral to the spine. (I) Lower lobes, superior segments: patient lies prone with two 
pillows under hips. Cupping and clapping over the middle of the back at the scapula tips next to the spine.

QoL-Bronchiectasis Health Perception score improved 
more with HS than isotonic saline (22). In a retrospective 
study of 25 NTM-LD patients who were treated for at least 
three months with HS without antibiotics, 36% reported 
symptomatic improvement, 28% reported stability, and 
20% noted deterioration (2). There was no change in 
lung function measurements with the HS. While six of 
the 12 patients who continued the HS without antibiotics 
beyond three months converted their respiratory culture to 
negative, the lack of a control arm limited more definitive 
interpretation (2). 

The mechanism of action of HS is considered to be due 
to increase hydration of mucus (reducing its stickiness), 
increase volume of the epithelial lining fluid (improving 
mucociliary clearance), and stimulation of cough, ultimately 
enhancing sputum expectoration, reducing exacerbations, 
increasing lung function, and improving QoL. In addition, 
3% or 7% HS may have some antimicrobial activity against 
pyogenic bacteria and NTM; i.e., while NTM grows well in 
1–2% saline, it does not grow in the 3.5% saline present in 
ocean water (23). The recommended dose is 3% or 7% HS 
once or twice daily, either before use of or simultaneously 
with an OPEP device. Side effects include throat irritation, 

uncontrolled cough, and bronchoconstriction. 
DNAse
Dying neutrophils and other cells in the airways release DNA, 
a highly viscous macromolecule. Breaking down extracellular 
DNA present in the biofilm matrix and tenacious sputum with 
DNAse I helps reduce their viscosity (24). Dornase alfa is a 
recombinant pancreatic human DNAse used for CF patients 
with bronchiectasis and shown to decrease viscosity and 
elasticity of the airway mucus (25). However, dornase alfa was 
found not to be helpful in patients with non-CF bronchiectasis 
and generally not recommended in them (26).
Mannitol
Mannitol is a naturally occurring sugar alcohol that is 
neither metabolized, absorbed, nor transported across the 
epithelium. Consequently, mannitol works as an osmotic agent 
by drawing water into the airway lumina, hydrating, thinning, 
and enhancing clearance of viscous mucus (27,28). Mannitol 
also improves mucociliary clearance by increasing the osmotic 
pressure of the fluid lining and mucosal surfaces (29). 

In patients with bronchiectasis, inhaled dry-powder 
mannitol augments mucus clearance in a dose-response 
manner both acutely and over 24 hours (30). Inhaled 
mannitol in CF patients has been shown to increase lung 
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function as well as decrease pulmonary exacerbations, need 
for additional antibiotics, and hospitalizations (28,31). The 
dry powder formulation of mannitol is more convenient 
and easier to use than that delivered by a nebulizer. The 
recommended dose of mannitol is 400 mg twice daily by 
oral inhalation. Side effects include throat irritation, cough, 
and bronchospasm.
Oral dipeptidyl dipeptidase-1 inhibitor
Extracellular neutrophil elastase is a key pathogenic 
mediator of bronchiectasis by causing ciliary dysfunction, 
mucous gland hyperplasia, increased mucus secretion as well 
as cleavage of Fcγ receptors and complement receptor-1 
from cell surfaces (32). The latter two activities may impair 
host-defense against microbes, perpetuating the vicious cycle 
of inflammation and infection observed with bronchiectasis. 
In a phase 2, double-blind, placebo-controlled trial of 
brensocatib (an inhibitor of dipeptidyl peptidase-1, a 
protease that activates elastase by removing the N-terminal 
dipeptide of elastase during neutrophil maturation), in 
patients with bronchiectasis showed that the time to first 
exacerbation was prolonged compared to placebo (33).

Physical and pulmonary rehabilitation

Patients with chronic lung disease may exhibit a vicious 
cycle of physical inactivity, deconditioning, decreased 
strength, and increased breathlessness, resulting in further 
diminished activity (34). This cycle may also result in less 
participation in social activities and increased vulnerability 
to social isolation and depression (35). 

The main goal of pulmonary rehabilitation for patients 
with NTM-LD is to minimize this cycle of deconditioning, 
breathlessness, and decreased activity (35,36). Pulmonary 
rehabilitation encompasses several elements including: (I) 
exercise training; (II) education about proper breathing 
strategies, medication usage, disease self-management, and 
appropriate use of supplemental oxygen therapy; and (III) 
behavioral modifications such as smoking cessation and 
nutritional counseling (37). This section will only focus on 
the first of these.

In patients with COPD, pulmonary rehabilitation with 
exercise training has been shown to increase the oxidative 
capacity of skeletal muscle, augment physical strength and 
improve breathing mechanics and function, leading to 
decreased dyspnea and increased exercise capacity (38,39); 
these benefits likely apply to patients with NTM-LD 
although this has not been formally studied (40). In patients 
with bronchiectasis, pulmonary rehabilitation decreases 

depression and anxiety (41) and improves QoL, as measured 
by dyspnea, fatigue, emotional well-being, and/or exercise 
capacity (34,42-44). A retrospective study of 108 patients 
with non-CF bronchiectasis showed that three weeks of 
pulmonary rehabilitation significantly decreased dyspnea (a 
change in the Baseline Dyspnea Index of ≥1 unit in 90%), 
improved HR-QoL, and increased the six-minute walk 
test (6MWT) distance by ~36 meters, with the lattermost 
element quantifying the distance covered with six minutes of 
walking at a normal pace (45). Those with airflow limitation 
showed an even greater improvement in 6MWT distance 
and HR-QoL with such intervention (45). A review of four 
studies (164 participants) demonstrated that eight weeks of 
outpatient pulmonary rehabilitation or exercise training in 
patients with non-CF bronchiectasis significantly increased 
walk distance by ~67 meters (95% CI: 52–82 meters) and 
improved HR-QoL for up to six months (34). Blakney and 
co-workers (46) recently showed that in patients with the 
nodular-bronchiectasis form of NTM-LD, the distance 
walked in the 6MWT was inversely related to mortality. 
Thus, if pulmonary rehabilitation can increase 6MWT 
distance walked (34,45), one could infer that it can also 
potentially improve mortality although this remains to be 
determined in NTM-LD patients. We elaborate below how 
the benefits of pulmonary rehabilitation can be objectively 
evaluated, the types of exercise training, and the schedule 
prescribed.

Evaluating the benefits of pulmonary rehabilitation
Objective evaluation to determine if pulmonary rehabilitation 
improved physical performance may be accomplished with 
either cardiopulmonary exercise stress testing (CPET) and/
or 6MWT. CPET is performed on treadmill or bicycle 
ergometer and measures several physiologic variables 
at baseline and response to exercise—such as maximum 
oxygen consumption, oxygen pulse, anaerobic threshold, 
tidal volume, dead space ventilation, and minute ventilation 
as well as maximum heart rate, blood pressure, and 
electrocardiography (47,48). Thus, a collective analysis of 
these CPET variables can implicate broadly whether the 
exercise limitation is due to cardiovascular, pulmonary, and/
or deconditioning in nature. The 6MWT provides practical 
and functional information to a walking challenge, is well 
validated in those with cardiopulmonary dysfunction, and is 
simple to perform (49).

Types of exercise training
The types of exercise training include aerobic exercise, 
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resistance training, flexibility exercise, balance training, and 
breathing exercises. Aerobic exercise, which should include 
both upper and lower extremities, progressively challenges 
skeletal muscles and, with training, decreases ventilatory 
demands over time (38,50). Lower ventilatory requirement 
and lesser dynamic hyperinflation may reduce dyspnea at 
rest or with activity (38). Upper extremity aerobic exercise 
can also reduce arm fatigue, thus improving daily function 
(35,50).

Resistance training improves muscle mass, strength, and 
function, resulting in lower oxygen consumption, minute 
ventilation, and dyspnea (51). Flexibility exercises (e.g., 
shoulder rolls, upper back stretch, scapular retractions, 
cervical spine stretches, pectoral muscle stretches) and 
thoracic mobility exercises (e.g., upper chest stretches, rib 
cage mobility and stretches, thoracic extension, child pose 
position) assist to improve breathing mechanics. Balance 
training may decrease fall risk and increase confidence in 
functional activities. Breathing exercises include pursed-lip 
breathing, diaphragmatic breathing, and paced breathing 
(a controlled breathing technique that coordinates a deep 
breath with physical exertion).

Schedule of exercise training
Exercise prescription for pulmonary rehabilitation should 
use the FITT (Frequency, Intensity, Time and Type) 
formula (48,52). A reasonable target frequency of exercise 
is three to five times per week. The intensity and duration 
time of exercise should be increased gradually and dictated 
by (I) symptoms; (II) metabolic equivalents (METs) from 
the CPET or distance achieved from the 6MWT; (III) 
target heart rate range; or (IV) a patient self-reported rate 
of perceived exertion scale. Periods of gradual warm up and 
cool down should be incorporated to all exercise types. 

Nutrition

Low body weight adversely affects outcome of  
NTM-LD
A low body mass index (BMI) in individuals with NTM-
LD has been associated with increased number of diseased 
lung segments, greater disease progression, worse outcome, 
and greater NTM-LD-specific mortality (41,53-56). Many 
individuals with NTM-LD and no known predisposing 
conditions possess a life-long slender body habitus 
with greater than expected frequency of thoracic cage 
abnormalities such as pectus excavatum and scoliosis (57-63).  
NTM-LD subjects often demonstrate reduced visceral (and 

likely subcutaneous) fat (64). Those with purging eating 
disorders may be at increased risk for NTM-LD (65). 
Hypotheses proposed for the possible increased susceptibility 
to NTM-LD in fat-depleted individuals include: (I) a 
reduction in leptin with a secondary reduction in both 
interferon-gamma producing TH1 cells (61,62,66,67) and 
phagocytic cell and NK cell function (60); (II) the asthenic 
body habitus being a component of a underlying connective 
tissue disorder such as forme fruste Marfan syndrome resulting 
in both compromised airway wall integrity (due to fibrillin-1 
defect) and increased expression of the immunosuppressive 
cytokine transforming growth factor-beta (57,62,68); and (III) 
aspiration into the lungs during the self-induced vomiting 
in patients with bulimia (which may be occult) (65). While 
optimizing nutrition improves outcomes in individuals with 
caloric-restrictive eating disorders (69), it is not known 
whether active weight gain improves NTM-LD outcomes 
due to a lack of prospective studies. Nevertheless, until such 
data are available, it is prudent to optimize nutrition.

Malnutrition and immunity
Malnutrition (protein-energy malnutrition and/or 
micronutrient deficiencies) impairs the ability of the 
immune cells to mount an effective inflammatory and killing 
response against microbial pathogens (70,71). Certain 
micronutrients (e.g., vitamin C, vitamin E, iron, zinc, 
copper, selenium) are important antioxidants that protect 
immune cells against oxidative injury created during the 
destruction of the microbes. Others (e.g., vitamin A, vitamin 
D, vitamin B6, vitamin B12, folate, iron, zinc) are critical for 
developing new immune cells or enhancing their function 
against mycobacteria (72,73). Additionally, the omega-3 
fatty acids eicosapentaenoic acid and docosahexaenoic acid 
are incorporated into immune cell membranes and shown to 
increase phagocytosis (74). Because these fatty acids induce 
anti-inflammatory compounds and polarize macrophages 
to the M2 phenotype, they may be important in limiting 
tissue damage once the infection is under control (74). 
Similarly, in those with eating disorders and malnutrition, 
the increased pro-inflammatory state and a dysregulated 
immune system may promote increased oxidative stress and 
predispose to NTM infections (75).

Albumin is not an accurate biomarker of nutritional status
Since inflammation decreases plasma albumin level, blood 
albumin concentration is not a reliable biomarker for 
malnutrition (76). Furthermore, a normal albumin does 
not necessarily indicate adequate nutrition as evinced 
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by the fact that individuals with anorexia nervosa often 
have normal albumin levels (77). The implication is that 
achieving a normal plasma albumin level requires both 
optimizing caloric intake and controlling inflammation. 
In contrast, prealbumin has greater validity as a measure 
of nutritional status in individuals with acute, chronic, or 
critical illnesses, due, in part, to its shorter half-life than 
albumin (2 vs. 20 days), it being less affected by liver disease, 
and not affected by hydration (78). While prealbumin may 
be a better biomarker of nutritional status than albumin, 
its level has also been found to be inversely related to acute 
inflammation associated with critical illness (79); thus, its 
use as a marker of malnutrition may be limited. Although 
preoperative prealbumin level <20 mg/dL is a risk factor for 
post-operative infection after elective spinal surgery (80) 
and longer mechanical ventilation after cardiac surgery (81), 
comparable data are unavailable for surgical lung resection 
for NTM-LD. 

Optimizing nutrition in NTM-LD
Restoring weight and maintaining a healthy weight may be 
difficult in patients with NTM-LD due to numerous factors. 
NTM-LD is often characterized by factors that impair 
weight gain such as fever, increased work of breathing, muscle 
and/or fat breakdown, and barriers to adequate intake—such 
as excessive cough, early satiety, anorexia, fatigue, shortness 
of breath, and gastrointestinal/taste disturbance due to 
medication adverse effects. In some NTM-LD patients with 
overt or occult eating disorders (65), body image distortions 
with or without purging actively prevents adequate caloric 
intake (82).

Nutritional therapy in individuals with NTM-LD is 
focused on restoring weight and meeting increased needs 
for calories, protein, and micronutrients. A registered 
dietitian can identify those NTM-LD patients who are at 
nutritional risk. Some weight restoration suggestions are 
shown in Table 4. General types of foods recommended 
or not endorsed are shown in Table 5. Because of the large 
number of calories required to restore weight, there may 
be a need to supplement oral calories with enteral tube 
feeds (continuous or nocturnal). Those at risk of refeeding 
syndrome have been identified to possess at least one of the 
major risk factors (BMI <16 kg/m2, unintentional weight loss 
>15% in the past 3–6 months, little or no nutritional intake 
>10 days, low baseline levels of potassium, phosphorus, 
magnesium) or at least two of the minor risk factors (BMI 
<18.5 kg/m2, unintentional weight loss >10% in the past  
3–6 months, little or no nutritional intake >5 days) (83). 

Such at-risk individuals should be supervised by a provider 
with expertise in refeeding of the severely underweight (83).

Diagnosis and mitigation of swallowing dysfunction and of 
GERD

Oropharyngeal dysphagia and GERD increase the risk of 
aspiration. In turn, microaspiration is likely to exacerbate 
the lung inflammation associated with NTM-LD (56). 
Esophageal disorders complicated by lipoid pneumonia, a 
sign of aspiration, are also associated with NTM-LD (84). 
While the prevalence of swallowing dysfunction is unknown 
for patients with NTM-LD, the prevalence of dysphagia 
in those over 50 years old (the age group at greatest risk 
for NTM-LD) is estimated to be 15–22%, higher than the 
6–9% prevalence for the general population (85). In three 
separate studies, GER was present in 26–44% of NTM-
LD subjects versus 12–28% in non-NTM infected controls  
(86-88). The prevalence of GERD in NTM-LD subjects 
may even be greater as some may not experience typical 
reflux symptoms. Whether mitigation of swallowing 
dysfunction or of GER impacts outcomes of NTM-LD 
is not known. However, based on our collective clinical 
experience, it is prudent to formally evaluate for GERD 
and/or swallowing dysfunction, particularly for those with 
recurrent and/or recalcitrant NTM-LD.

Oropharyngeal dysphagia
Clinical assessment of dysphagia by a trained speech 
therapist can identify heightened aspiration risk but in 
itself is insufficient to guide treatment of swallowing 
disorders (89). Therefore, testing with Modified Barium 
Swallow (MBS) fluoroscopic study or by Fiberoptic 
Endoscopic Evaluation of Swallowing (FEES) should 
be considered in NTM-LD patients in whom there is 
suspicion for microaspiration, as identified clinically and/or 
radiographically. MBS is a structured procedure performed 
fluoroscopically where the patient consumes barium-
containing boluses of different consistencies (90). The goals 
of a MBS are to: (I) determine appropriate function of the 
oropharyngeal structures and (II) if abnormal swallowing is 
detected, to evaluate the effect of compensatory strategies 
on decreasing aspiration risk (90).

An alternative to MBS study is a FEES. During a FEES, 
a fiberoptic scope is passed to the level of the pharynx, 
followed by self-fed boluses (91). Velar (soft palate) function 
can also be assessed fiberoptically. The goals of FEES are 
to: (I) observe the integrity, function, and sensory response 
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Table 4 Nutritional tips for weight restoration

Food tips Behavioral tips for food intake

Limit non-calorie beverages such as water, coffee, tea, and diet 
soda. Avoid non-fat, low-fat, diet items

Schedule 4–6 small, frequent meals/snacks daily

Add drinks that have higher content of calories and/or protein: milk, 
non-citrus juice. Blend homemade, high-calorie smoothies with 
added protein powder

Rely on family and friends to prepare meals or frozen, restaurant 
and take-out foods as needed

Eat more calories per meal with higher calorie but nutritious foods, 
aiming for ~500 calories per meal. Examples of high-calorie, 
healthy foods: avocados, canned tuna, cottage cheese, dried fruits, 
unsweetened yogurt, nuts, nut butters (peanut or almond), seeds, 
and healthy fats such as olive oil, canola oil, and fish fat

Ask your doctor about ways to relieve gastrointestinal symptoms 
such as nausea, vomiting, and constipation, which can 
negatively impact appetite

Choose regular, high-calorie snacks. Aim for 250 calories per snack If experiencing a metallic taste, try using wooden utensils 
instead of metal

Calorie boosters: item [calories] If your sense of taste is diminished, try adding spices and 
condiments to foods to make them more appealing. Sweet 
additives like maple syrup stimulate the palate. Fats like olive oil 
enhance flavor 
Try light exercise, such as a 20-minute walk, about an hour 
before meals to stimulate your appetite. Consult your physician 
before starting an exercise program 
Meet with an RD for additional advice on meal planning and for 
individualized recommendations 
Consider recording everything you eat and drink for a three-day 
period to assess opportunities for improving your caloric intake. 
This journal can also be reviewed with your physician or dietitian

1 cup whole milk [150]

1 cup apple juice [125]

1 avocado [210]

1/4 cup granola [130]

1/4 cup nuts [200]

1 Tbsp. nut butter [peanut, almond] [90]

1 Tbsp. olive oil [120]

1/4 cup raisins [100]

RD, registered dietitian; Tbsp., tablespoon.

of the pharyngeal structures and (II) evaluate the effect 
of compensatory strategies on decreasing aspiration risk 
(90,91). Based on identified oropharyngeal dysfunction and 
successful mitigating strategies that are tried during these 
exams, appropriate treatment plans can be developed.

Speech therapy is the cornerstone of treatment for 
oropharyngeal dysphagia (92). Management is targeted 
toward (I) swallowing safely via compensatory strategies 
and dietary modifications, and, when appropriate (II) 
swallow strengthening. Behavioral and compensatory 
strategies to decrease aspiration risk include adjustments in 
posturing, bolus size, or corrective swallowing maneuvers, 
such as swallowing with effort or with the chin tucked. 
Training on coordinating breathing with swallowing has 
been shown to be another effective treatment strategy 
to decrease aspiration in patients with head and neck 
cancer (92). Modifications to food or liquid consistencies 
(e.g., thickening of liquids) may reduce aspiration risk 
during drinking or eating for the dysphagic individual (93). 

Successful swallowing techniques tried during an MBS or 
FEES procedure are useful to formulate the recommended 
behavioral and dietary modifications to limit swallowing-
induced aspiration. Strengthening exercises to target 
swallowing muscles may be introduced in speech therapy.

GERD
GERD is caused by a combination of increased frequency 
of transient relaxation of the lower esophageal sphincter 
(LES), decreased basal LES tone, and poor esophageal 
motility (94,95). Laryngopharyngeal reflux (LPR), where 
stomach contents flow toward the pharynx, raises the risk of 
aspiration of gastric contents into the lungs (96). Common 
symptoms of GERD or LPR include chest pain (heartburn), 
regurgitation (“water brash”), and/or a chronic cough. 
Accuracy of diagnosing GERD or LPR solely on reported 
clinical symptoms is unclear (95). Since many individuals 
with NTM-LD do not experience typical reflux symptoms 
or may be asymptomatic (86), formal diagnostic testing may 
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Table 5 General types of foods recommend or to avoid

Food types Examples

Healthy carbohydrates: deliver 
vitamins, minerals, fiber, 
phytochemicals. Try to pair with 
a protein when able

Starchy vegetables: sweet potato, potatoes, winter squash, corn, green peas

Whole fruits: berries, banana, apple, pear, stone fruit, citrus fruit, tropical fruit

Pulses: lentils, beans, mung beans

Whole grains: oats, quinoa, brown rice, black rice, bulgur, barley, whole grain breads/products

Other: popcorn, whole grain 3 grams fiber breakfast cereal, sourdough bread

Starchy vegetables: sweet potato, potatoes, winter squash, corn, green peas

Whole fruits: berries, banana, apple, pear, stone fruit, citrus fruit, tropical fruit

Pulses: lentils, beans, mung beans

Whole grains: oats, quinoa, brown rice, black rice, bulgur, barley, whole grain breads/products

Other: popcorn, whole grain breakfast cereal, sourdough bread

Less healthy carbohydrates to 
avoid or limit: delivers starches, 
additives, fillers, preservatives, 
little to no nutrition value

Sugary drinks: fruit juice, cola, vitamin water, sweetened teas

Refined flour: pastries, muffins, bagels, rolls, tortillas, white bread, white pasta, white rice, cookies, 
and cakes. Products made with whole grain flours are better choices

Many gluten-free products are laden with gluten free starches like rice and tapioca flours that are 
devoid of nutrition

Sweets: limit candies and chocolates 

Junk: French fries, potato chips, highly processed packaged foods

‘Health’ or diet products: sugar sweetened yogurts, nutrition bars

Healthy fats: eat fat to get 
healthy calories and help absorb 
nutrients

Olive oil, grapeseed, or avocado oil to cook with, cold-pressed preferred

Use an avocado as a spread, dip, or base for a creamy dressing

Fatty fish like arctic char, sardines, herring, mackerel, anchovies

Nuts and seeds like almonds, pistachios, pecans, macadamia, pine nuts, walnuts, cashews, 
pumpkin seeds, flax, and chia

Eggs, 3–4 per week if cholesterol sensitive

Butter from grass fed cows if able, coconut oil in moderation

Probiotic foods: Fermented foods 
promote healthy microbiome, 
healthy immunity, controlled by 
the food we eat

Pickled vegetables, sauerkraut, kimchi 

Yogurt, coconut yogurt, kefir, buttermilk

Miso, tempeh, natto, kombucha

Supplements: if choosing over the counter probiotics, look for one with multiple strains of bacteria with a 
dose in the billions. Time around antibiotics by ±3 hours. Always discuss and disclose with physician

Prebiotic foods: essentially, high 
fiber foods feed the bacteria that 
create a healthy microbiome

Leafy greens like dandelion greens, kale, collards, chard, arugula, spinach, mustard greens

Asparagus, jicama, Jerusalem artichokes, fennel, bok choy, watercress, lettuces 

Garlic, onions, leek, scallions, shallots

Bananas, plantains, apples, pears 

Fresh herbs like parsley, dill, mint

Healthy proteins to meet 
increased needs with acute or 
chronic infection

Chicken, fish, meat (>3 oz serving size), eggs, dairy foods like cottage cheese, Greek yogurt, and 
legumes/pulses and nuts/seeds
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be recommended.
A 24-hour pH impedance probe has high sensitivity and 

specificity for diagnosing GERD and is considered the gold 
standard (95) as compared to tests for esophageal function 
(esophagram, manometry) or mucosal injury (endoscopy). 
A catheter with ring-shaped electrodes to measure electro-
conductance is placed transnasally and remains for  
24 hours. Symptoms, mealtimes, medications, and changes 
in position are recorded by the patient (97). A summary of 
the correlation between acidic or nonacidic reflux events to 
the symptoms is assembled. Similarly, a Bravo probe (Bravo 
pH Monitoring System®, Medtronic, Minneapolis, MN, 
USA) is a wireless pH recording capsule that is placed into 
the esophagus and records data over a 48-hour period (95).

The cornerstone in the management of GERD includes 
lifestyle changes to reduce episodes of reflux. These 
measures include dietary changes that avoid acidic foods or 
foods which reduce LES pressure (Table 6), or behavioral 
changes such as elevating head of bed (30–45 degrees with 
knees slightly elevated), weight loss, smoking cessation, 
remaining upright after eating, no food or drink within 
three hours of sleeping, and sleeping on the left side or 
supine (94). Certain drugs can also lower the LES tone 
and worsen reflux (Table 7). Antacid medications such as 
proton pump inhibitors or H2 blockers are used mainly to 
control the heartburn symptoms of reflux and to prevent 
esophagitis (94). However, in the context of NTM-LD, 
acid reduction may prevent the suppression of NTM 
growth in the stomach as the optimal growth pH is ~6.0 
for slow-growing NTM and Mycobacterium chelonae and is 
~7–7.4 for other rapidly growing mycobacteria (98-100). 
This pH hypothesis is supported by a study that analyzed 
for the presence of NTM in both the gastric juice and 
gastrostomy tubes in 16 CF patients who were receiving 
gastric tube feedings (101). In 7 of 16 patients, live NTM 
(M. abscessus complex) were isolated in the gastric juices 
in three subjects and in the gastrostomy tube in two 
individuals (101). Interestingly, all 5 patients in whom 
NTM was isolated from gastric juice or gastrostomy tube 
had gastric pH ≥3 (range, 3 to 6) with a mean pH of 5.0; in 
other words, all with NTM isolated had gastric pH greater 
than the normal gastric pH of 0.3–2.9 (102). Furthermore, 
of the 11 patients without NTM isolated from either the 
gastric juice or gastrostomy tube, five had gastric pH of 
two and six had gastric pH ≥3 with a mean pH of 3.4 (101). 
While not definitive, these findings bolster the notion that 
a higher gastric pH may be more likely to support NTM 

viability in the upper gastrointestinal tract.
Surgery specific to anti-GERD management is the 

Nissen fundoplication, where the proximal stomach is 
wrapped around the distal esophagus to create a barrier 
to prevent reflux (94). Fundoplication can better improve 
control over reflux symptoms as compared to antacid 
therapy when medical and behavioral management is 
insufficient (103). The LINX Reflux Management System is 
an alternative, less-invasive surgical approach that preserves 
the gastric anatomy and may be reversed if needed (104). 
In this laparoscopic procedure, a circular chain of magnetic 
titanium beads is placed around the esophagus inferior 
to the diaphragm. The magnetic ring prevents GERD 
but allows swallowed contents to enter the stomach. This 
procedure may be appropriate for individuals whose reflux 
is sub-optimally managed with lifestyle changes with and 
without pharmaceuticals, but who may not be candidates 
for surgical fundoplication (104).

Minimization of vestibular and cochlear dysfunction 
associated with some anti-NTM drugs

Ototoxicity and risk factors for vestibular and cochlear 
dysfunction
Ototoxicity is defined as the cellular degeneration of 
cochlear and/or vestibular tissues leading to functional 
deterioration as a result of exposure to certain drugs or 
chemicals (105). Treatment of NTM-LD often involves 
medication(s) that are potentially toxic to the vestibulo-
cochlear (or VIII cranial) nerve, resulting in bilateral 
hearing loss, tinnitus, and/or loss of balance. These 
offending medications include macrolides (azithromycin 
or clarithromycin) and aminoglycosides (amikacin or 
streptomycin). Ototoxicity was observed in 42% of patients 
treated with streptomycin and 27% of patients treated 
with amikacin for macrolide-resistant Mycobacterium avium 
complex pulmonary disease (106).

Occurrence of ototoxicity increases when multiple 
risk factors are present (Table 8). The risk of ototoxicity 
is typically greater with intravenous administration of the 
offending agent than with the inhaled or oral routes, when 
the drug is in the body for longer durations, and with 
increased lifetime dose of the drug (107). In the presence 
of concurrent renal insufficiency, the risk for ototoxicity 
with these antibiotics may increase further (105,108). In 
addition, a genetic susceptibility to aminoglycoside-induced 
ototoxicity has been identified (109). 
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Table 6 Foods that decrease the tone of the lower esophageal sphincter

Alcohol (especially red wine)

Caffeine

Carbonated beverages

Chocolate

Citrus fruits

Coffee—caffeinated or non-caffeinated

Fatty-spicy foods

Garlic

Onions

Peppermint

Tomatoes

Table 7 Drugs that can worsen gastroesophageal reflux

Albuterol

Benzodiazepines

Calcium channel blockers

Diphenhydramine

Nitrates

Opioids

Oxybutynin

Progesterone

Quinidine

Theophylline

Tricyclic antidepressant

Table 8 Risk factors for ototoxicity

Age: >60 years old

Co-morbid conditions: congestive heart failure, renal failure, hypertension, and dehydration leading to accumulation of ototoxic drugs

Genetic susceptibility: two mutations in the mitochondrial 12s rRNA gene have been implicated to place predisposed carriers at risk for 
aminoglycoside ototoxicity 

Drugs: examples include non-steroidal anti-inflammatory drugs, quinine-based derivatives, loop diuretics, aminoglycoside antibiotics,  
macrolide antibiotics, platinum-based chemotherapies like cisplatin

Dosing: greater dose, lifetime dose, and duration of administration of otoxic drug(s) as well as prior and/or concurrent administration of 
other ototoxic drugs

Route and rate of administration: faster, intravenous administration at greater risk

History of noise exposure/pre-existing sensorineural hearing loss 

Clinical manifestations of vestibular ototoxicity
As ototoxic medications are not selective to one ear, bilateral 
hearing and/or vestibular loss is the typical presentation. 
Toxicity specific to cochlear nerve results in the onset or 
worsening of hearing loss and/or complaints of tinnitus. 
With vestibular toxicity, patients may complain of dizziness, 
vertigo, oscillopsia (a disturbing bouncing sensation of the 
surroundings with head or whole body movements resulting 
in an inability to see clearly during such movements), and 
decreased balance especially with the eyes closed (resulting 
in limitations when walking in the dark or on uneven 
surfaces) (110,108). Oscillopsia often results in reduced 
physical activity and greater social isolation. Due to these 
limitations, vestibular dysfunction places patients at an 
increased risk for falling, especially when compounded by 
muscle disuse due to respiratory compromise. As respiratory 

issues may dominate the symptomatology, patients may 
under-report or not appreciate symptoms related to 
ototoxicity. Thus, a thorough history and examination to 
elicit vestibular dysfunction becomes essential.

Diagnostic laboratory tests for ototoxicity
Audiology screening is used to monitor for cochlear nerve 
toxicity. High frequency audiogram is a standardized and 
sensitive tool to detect early hearing loss. In contrast, testing 
for vestibulotoxicity is not standardized. Some of the diagnostic 
tests used to assess vestibular function include electro/
video-nystagmography (111), caloric testing (112), rotary 
chair test (113), and video head impulse test (114) (Table 9).  
Bilateral vestibular loss is present when there is reduced or 
absent function of the vestibulo-ocular reflex in both ears. 
The diagnostic criteria for bilateral vestibular loss are listed 



Journal of Thoracic Disease, Vol 14, No 9 September 2022 3591

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(9):3575-3597 | https://dx.doi.org/10.21037/jtd-22-410

in Table 10 (107). Diagnosis is primarily based on the history 
of exposure to ototoxic drugs, risk factors, symptoms, and 
degree of impairment quantified by the aforementioned tests. 
A clinical vestibular evaluation may help determine impaired 

functional status and risk for falling.

Vestibular evaluation
Patient symptom history is a critical component when 

Table 9 Diagnostics tests for vestibular function

ENG or VNG

ENG refers to a series of clinical tests that utilize small surface electrodes positioned around the eyes to monitor eye movements when 
visual fixation is present or removed. VNG utilize goggles with an infrared video camera to track the eyes. Eye movements are monitored 
during visual tracking, saccade testing, positional testing and during vestibular stimulation via caloric stimulation (see below). Both 
clinical tests can be used to evaluate signs of nystagmus, central or peripheral vestibular dysfunction or neurological problems. These 
tests are commonly administered to people with symptoms of dizziness, vertigo, and/or imbalance and offer valuable information in 
order to diagnose vestibular disorders. VNG is the preferred method between the two

Caloric testing

Considered the “gold standard” vestibular test to diagnose hypofunction, the caloric test is a component of the VNG test. Warm or cold 
temperature air or water is introduced into the auditory canal to provoke a stimulus of either excitation or inhibition of the horizontal 
semicircular canal of the inner ear. In the intact ear, nystagmus is generated and measured by VNG

Rotary chair test

Rotary Chair test has been utilized as a diagnostic tool to primarily evaluate bilateral vestibular function. The test is performed with 
patients seated in a special chair while wearing VNG goggles or ENG. The chair is rotated at physiologic frequencies that stimulate 
bilateral horizontal semicircular canals. The VOR response from the chair motion is simultaneously measured via surface EMG electrodes 
or, more commonly, eye movements are measured via infrared video camera with goggles 
VOR eye movement responses are then compared to the chair rotational velocities to determine if the response is within normal ranges. 
Normative data for rotational chair testing has been established and stratified by age from 6 to >50 years old. When compared to caloric 
tests, the rotary chair test is more sensitive and ENG testing more specific when diagnosing peripheral vestibulopathy

vHIT

vHIT utilizes eye tracking technology with head velocity transducers affixed to glasses or goggles to determine how well a client’s eyes 
stay fixed on a stable target when the head is passively rotated with an unpredictable, high velocity, small amplitude head movement. 
vHIT measures the VOR response to the head movement to determine if gaze is stable or altered. It can be used to determine unilateral 
or bilateral vestibular hypofunction related to dysfunction of the vestibular ocular reflex by measuring head/eye movement gain and 
overt/covert abnormal saccadic eye movements

ENG, electronystagmography; VNG, videonystagmography; EMG, electromyography; VOR, vestibular-ocular reflex; vHIT, video head impulse test.

Table 10 Diagnostic criteria for bilateral vestibular loss

A. Chronic vestibular syndrome with at least three of the following symptoms:

Postural imbalance

Unsteadiness of gait

Movement-induced blurred vision or oscillopsia during walking or quick head/body movements

Worsening of postural imbalance or unsteadiness of gait in darkness and/or on uneven ground

B. No symptoms while sitting or lying down under static conditions 

C. Bilaterally reduced or absent angular VOR function documented by bilaterally pathological horizontal angular VOR gain <0.6, measured 
by the video-head impulse test or scleral-coil technique and/or reduced caloric response on VNG and/or reduced horizontal angular VOR 
gain <0.1 upon sinusoidal stimulation on a rotary chair 

D. Not better accounted for by another disease 

VOR, vestibular-ocular reflex; VNG, Videonystagmography. 
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there is suspected bilateral vestibular loss. As the vestibular 
system works in conjunction with vision and proprioception 
to optimize postural control and gaze stability during 
movements, a complete evaluation would screen for 
abnormalities in these other sensory systems. A thorough 

history should include: (I) patient complaints; (II) abnormal 
signs noted by caretakers or those close to the patient; 
(III) functional and participation limitations; (IV) previous 
and current medical problems; and (V) lifetime history of 
ototoxin exposure and other risk factors.

Standardized screening questionnaires should be utilized 
to determine a patient’s perception of his or her handicap as 
well as to identify risk for falling. The Dizziness Handicap 
Inventory is a validated measure intended to assess a 
patient’s perceived degree of limitations due to dizziness. 
The Activities-Specific Balance Confidence (ABC) Scale 
is a self-report measure that assesses patient confidence in 
performing various activities without falling 

Clinical bedside tests to assess vestibular function 
include: ocular tracking, saccades, rapid head thrust, 
post head shaking nystagmus (requires infrared goggles), 
dynamic visual acuity, modified Clinical Test of Sensory 
Interaction on Balance, and assessment of gait speed (108). 

Treatment of vestibular dysfunction
Once ototoxicity is diagnosed or strongly suspected, 
discontinue the offending drug promptly—if it can be 
done safely—as nerve damage may become irreversible 
with continued use of the ototoxic medication. While such 
discontinuation may deprive individuals of an effective 
antibiotic against the offending NTM, there is optimism 
in the near future that aminoglycoside-induced ototoxicity 
may be prevented pharmacologically (115-117).

Vestibular rehabilitation is an exercise-based program 
designed by a licensed physical therapist to reduce problems 
related to dizziness and to improve balance by promoting 
gaze stability and postural control. This type of therapy 
involves head movements and balance exercises that are 
essential in stimulating and retraining the vestibular system.

For patients with bilateral vestibular loss, the goal 
of treatment is to recover lost vestibular function by 
promoting central compensation. This attempt at recovery 
is accomplished through gaze stability exercises, involving 
the combined use of adaptation, substitution, and imaginary 
target exercises that foster dynamic use of visual information 
(Figure 8A-8I) (110). Treatment may also include a range 
of tailored postural stability and gait exercises to improve 
static and dynamic balance, enhance gait speed, and 
decrease risk for falling. Patient education should include 
reducing further ototoxic exposure, protecting vision and 
proprioception, and ensuring a safe home environment to 
prevent falls. Properly treated, patients can improve their 
overall functional level with a decreased risk for falling. 

Adaptation

Substitution

Imaginary

One arm
length away

10”

A

C

F

B

D

G

E

H I

Figure 8 Exercises for promoting gaze stability. Adaption: (A) 
to test the vestibular-ocular reflex, have a target directly in front 
of the subject at eye level; the target may be as simple as an “X” 
written on a sheet of paper taped to a wall. (B) Sit or stand at one 
arm length from the target. Move the head quickly from side-to-
side as if shaking the head for “no” while maintaining direct eye 
contact with the target. Repeat while shaking the head up and 
down. Substitution: To perform this exercise, place two targets (“X” 
and “Y”) at eye level approximately 10 inches apart (close enough 
so when the subject is looking at one target, the second one is in 
the peripheral vision). (C) Look at one target with the head facing 
in the same direction as the target. (D) Then move only the eyes 
to the second target. (E) Then move the head to face the second 
target. Be sure to keep the target in focus when moving the head 
and be as accurate as possible. Gradually increase the speed of the 
head turn and length of time while keeping the target in focus. 
Imaginary: (F) sit or stand facing the target one arm length away 
and focus on the target. (G) Close both eyes. (H) Turn head to 
the side while keeping closed eyes focused to the direction of the 
target. (I) Then open eyes and ask if the eyes are still fixated on the 
target. Repeat in opposite direction. Gradually increase the speed 
of the head turn. Exercise can also be performed with up and down 
head movements.
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However, some residual deficits may persist. 

Conclusions

NTM-LD is often recalcitrant to treatment. Thus, in 
addition to reducing exposures to the NTM present in 
certain environmental niches and treating with antibiotics, 
ancillary treatment measures are an important component 
to treatment. Herein, we focused on five ancillary measures 
that should be considered to help maximize treatment 
outcomes: airway clearance, physical and pulmonary 
rehabilitation, nutrition, diagnosis and mitigation of 
swallowing dysfunction and of GERD, and minimization of 
vestibular and cochlear dysfunction associated with some of 
the anti-NTM drugs. 
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