Cystic Fibrosis: Current Trends in Respiratory Care
Jeffrey S Wagener MD and Aree A Headley RRT
Introduction
Cystic Fibrosis Lung Disease
Diagnosis
Clinical Monitoring
Pulmonary Function Monitoring
Radiographic Monitoring
Aerosol Therapies and Delivery Devices
Inhaled Bronchodilators
Inhaled Anti-inflammatory Agents
Inhaled Mucolytics
Inhaled Antibiotics
Delivery Devices
Airway Clearance Techniques
Chest Physiotherapy
Active Cycle of Breathing
Autogenic Drainage
Positive Expiratory Pressure and Flutter
Intrapulmonary Percussive Ventilation
High-Frequency Chest Compression
Exercise
Noninvasive Ventilation
Summary
Cystic fibrosis is a genetic disease that typically produces malnutrition and chronic respiratory
infections. Prolonged bronchial obstruction, infection, and inflammation result in bronchiectstasis
and permanent lung damage. Most cystic fibrosis patients die because of this progressive respiratory disease. Thus, in the absence of a cure, effective respiratory therapy is the primary means to
extend and improve the quality of life for the cystic fibrosis patient. Aerosol therapy, airway
clearance techniques, and noninvasive ventilation can all improve quality of life and possibly extend
survival. Close patient monitoring with pulmonary function testing, chest radiography, and induced
sputum can result in earlier treatment, potentially reducing permanent lung damage. Earlier
diagnosis has prevented serious complications through early initiation of preventive therapies such
as improved nutrition. Key words: pediatric, respiratory, pulmonary, cystic fibrosis, respiratory care,
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Cystic Fibrosis Lung Disease

Diagnosis

Fig. 1. Pathogenesis of cystic fibrosis-related lung disease. CF ⫽
cystic fibrosis. CFTR ⫽ cystic fibrosis transmembrane conductance regulator.

Introduction
Since the gene responsible for cystic fibrosis (CF) was
isolated in 1986, there have been great advances in understanding the pathophysiology of this disease (Fig. 1).
Most of the over 1,000 identified gene mutations result
in a malfunctioning of the cystic fibrosis transmembrane conductance regulator protein. This malfunction
creates an abnormal airway surface microenvironment,
leading to thickened mucus, chronic infection, and
chronic inflammation. Eventually, the mechanical obstruction plus high concentrations of pro-inflammatory
cytokines and neutrophil-derived oxidants and elastases
damage the airway, leading to bronchiectasis and permanent lung damage. As a result the life expectancy for CF
patients is markedly shortened, with many patients dying in
their early 20s and 30s.
Though the discovery of the CF gene improved understanding of cystic fibrosis transmembrane conductance regulator-related cell biology, clinical care advances have developed from improved understanding of mucus rheology
and airway infection. In addition there are many new therapies being developed that combine the understanding of
cell biology with the understanding of mucus and airway
pathology. Almost all of these new therapies will require
a good understanding of early detection and disease progression, since they are largely preventive and will not
reverse serious airway damage. Additionally, there is increasing evidence that existing therapies are effective, and
possibly optimal, when begun prior to permanent airway
damage. In this report we discuss the diagnosis and early
monitoring of CF lung disease, available aerosol therapies
and delivery devices, and the many airway clearance techniques used to improve airway mucus clearance.
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Most CF patients are diagnosed during childhood, with
the median age of diagnosis being 6 months and the mean
3.2 years.1 Conventional diagnosis is usually made in a
patient with both respiratory disease and malnutrition.
These children are often poorly grown because they have
pancreatic insufficiency leading to protein-calorie malabsorption. The malnourished patient more frequently has
more severe respiratory disease.2 Additionally, the patient
with more severe respiratory disease has greater energy
requirements, leading to a greater chance of malnutrition.
Thus, good nutrition and growth are essential for normal
lung development and to reduce the frequency of lung
infections. This recognition of the need to avoid malnutrition has lead several states and a few countries to institute routine newborn screening for CF. Early detection by
newborn screening provides a chance to treat malabsorption with oral pancreatic enzymes and supplemental calories, plus it provides a chance to start preventive respiratory therapies to improve mucus clearance and reduce lung
infections.
Some patients are not diagnosed until a much later age.
These patients often do not have pancreatic insufficiency
and severe malnutrition, and usually have less lung disease, but they still have a higher risk of serious lung infections and they have a shorter life expectancy. Additionally, patients diagnosed at an older age are more likely
to have complications of CF, such as male infertility,
pancreatitis, atypical mycobacteria lung infections, and
allergic bronchopulmonary aspergillosis as presenting
complaints.
Clinical Monitoring
Respiratory disease is the major cause of morbidity and
death in CF patients. However, nutritional health is closely
related to respiratory health, suggesting that the first priority in clinical monitoring is to follow weight and growth.
Every respiratory practitioner should know the importance
of CF patients maintaining normal body growth in order to
assure normal lung development, to allow for normal exercise, and to reduce the frequency of respiratory infections. Currently the United States Cystic Fibrosis Foundation suggests that patients should be seen every 3 months
to assure appropriate weight and height development. During the first year of life this monitoring often needs to be
more frequent. Additionally, because of the malabsorption
of fats, CF patients are at risk for zinc and vitamin deficiencies, particularly during the first year of life. Certain
vitamins, particularly vitamin E and ␤ carotene, are essen-
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Fig. 2. Pulmonary function test results from a single patient, plotted over time. FEV1 ⫽ forced expiratory volume in the first second.

tial for protecting the airways from oxidant injury and lung
damage.
In addition to nutrition, all CF patients should be monitored for clinical signs and symptoms of respiratory compromise. Persistent cough is never normal. Even prior to
developing cough, some patients may have chronic throat
clearing, a possible sign of increased mucus production.
Similar to cough, crackles on chest examination are never
normal. Crackles in a patient with a previously clear chest
are one of the best indicators of a respiratory exacerbation.
Rarely will crackles resolve without increasing therapy
directed toward airway obstruction and infection. Other
historical symptoms related to the respiratory system that
are important to assess include exercise tolerance, wheezing, sputum production, sputum appearance, hemoptysis,
and sleep quality. Other clinical signs suggesting chronic
lung disease include clubbing, chest hyperinflation, increased second heart sound, and kyphosis.
Pulmonary Function Monitoring
Spirometry is one of the most sensitive and specific
monitoring tools for following the clinical status of CF
patients. Initially the lung function is normal in all CF
patients. Over time, airway obstruction develops and usually involves the smaller, more peripheral airways first.
Thus, spirometry (either a volume-time or flow-volume
curve) will initially show changes in flow at lower lung
volume (forced expiratory flow during the middle half of
the forced vital capacity), followed by decreased flow at
higher lung volumes (forced expiratory volume in the first
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second [FEV1]), and eventually by decreased volume
(forced vital capacity [FVC]). When plotted versus time,
these changes are more obvious (Fig. 2). With actively
growing children, pulmonary function values are plotted
as percent-of-predicted values, whereas with adult patients
the absolute values may be plotted. Although defining a
significant drop in lung function depends on the variability
of the test, in general a 10% FEV1 decrease is considered
a sign of worsening lung disease, and if acute, is a sign of
a respiratory exacerbation. Post-bronchodilator spirometry
should be performed with patients who have detectable
airway obstruction to see if bronchodilator therapy would
be helpful and to look for complicating conditions such as
asthma.
Respiratory rate and pulse oximetry can provide early
signs of worsening lung function, particularly in young
children in whom abnormalities of smaller airways are
more likely to decrease oxygenation. For older patients
tachypnea and poor oxygenation are signs of more severe
disease or an acute respiratory exacerbation. Oxygenation
during sleep is an important measurement that should be
done in all patients with acute respiratory deterioration or
who show signs of pulmonary hypertension. Nighttime
desaturation can be quite severe in patients who have normal daytime saturation. Patients with FEV1 ⬍ 30% of
predicted are at particular risk of nocturnal hypoxia and
hypercarbia.
Other pulmonary function tests can be valuable in selected situations. Lung volume measurements are important whenever there is spirometric evidence of restrictive
changes. Since CF produces primarily an obstructive lung
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Fig. 4. Chest radiograph scores from a group of cystic fibrosis
infants detected by newborn screening and followed for several
years. Lower scores indicate hyperinflation, hilar streaking, peripheral nodules, and atelectasis. (Adapted from Reference 5.)
Fig. 3. Expiratory flow-volume curve produced by lung distention followed by chest wall compression in an infant with cystic
fibrosis.

disease, spirometric evidence of restrictive changes usually reflects substantial gas trapping. Rarely, however, there
may be complicating conditions producing true restrictive
lung disease (such as hypersensitivity pneumonitis). If
FEV1 and FVC are both low and the FEV1/FVCratio is
normal (suggesting restrictive changes), then total lung
capacity and residual volume should be measured. Exercise studies can be used to evaluate exercise-induced bronchospasm. Additionally, exercise tolerance can be a very
sensitive measure of worsening (or improving) lung function. Exercise studies should always include monitoring of
oxygen saturation, since desaturation during exercise is a
common complication. In patients with severe obstructive
disease (FEV1 ⬍ 40% of predicted), carbon dioxide monitoring during exercise is also recommended. Diffusing
capacity is rarely measured, although this can be a sensitive technique for detecting early airway disease. In general, spirometry and lung volume measurements are more
specific, and rarely do CF patients have isolated diffusion
abnormalities.
Recently infant pulmonary function testing has become
practical. Airway obstruction can be detected and monitored longitudinally with flow-volume measurements. Exhalation is forced by rapid chest wall compression, and air
flow is measured at the mouth with a pneumotachograph.
A refinement of this test is to first raise lung volume with
positive airway pressure, followed by the rapid compression.
Using this technique, flow-volume curves nearly identical to
those in adults can be recorded (Fig. 3). Additionally, lung
volumes can be measured in a body plethysmograph, similar
to older patients. Unfortunately, all of these tests require the
child to be sedated. This makes the tests less convenient,
more costly, and raises their risk slightly. However, numerous investigators have shown that lung function changes often predate clinical symptoms, and following lung function
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measurements in infants can be as valuable as following them
in older patients.3,4
Radiographic Monitoring
Though pulmonary function testing can detect airway
functional abnormalities, radiography detects structural
changes. Routine chest radiographs are recommended
yearly for all CF patients. Various systems for grading
radiographs have been developed, providing for longitudinal monitoring of both individuals and groups of patients
(Fig. 4).5 Recent studies of high-resolution computed tomography show improved sensitivity and specificity for

Fig. 5. High resolution chest computed tomogram demonstrating
bronchiectasis in a child with normal pulmonary function test results.
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Fig. 6. Five-year trends for use of various inhaled therapies among
cystic fibrosis patients. (Adapted from Reference 7.)

early lung disease.6 This may prove particularly valuable
for early detection of airway disease and bronchiectasis in
the middle aged child with normal pulmonary function
(Fig. 5).
Aerosol Therapies and Delivery Devices
Inhaled Bronchodilators
Clinicians frequently prescribe bronchodilators for CF
patients in an effort to maximize airway size and improve
mucociliary clearance (Fig. 6).7 All CF patients develop
obstructive airway disease and most will have airway hyperreactivity at some time.8,9 Most, however, will not show
a consistent bronchodilator response in pulmonary function testing. Occasionally, air flow obstruction may actually worsen with bronchodilators. Unfortunately there are
few studies showing significant, long-term clinical improvement with routine bronchodilator use. Eggleston et
al10 showed that routine albuterol improved lung function
over 1 month only in patients with demonstrated airway
hyperreactivity to methacholine. Longer-acting bronchodilators have also been studied. In high doses (4 puffs
twice daily) during in-patient therapy for respiratory exacerbations, salmeterol had a significantly greater pulmonary function benefit than albuterol.11 Salmeterol is also
effective in decreasing nocturnal hypoxia related to CF
lung disease.12
Inhaled Anti-inflammatory Agents
Neutrophil-dominated airway inflammation occurs even
in CF patients who have mild lung disease. Long-term
systemic steroid therapy improves lung function in CF
patients, but complications from therapy (including glucose intolerance, hypertension, and poor height growth)
limit its value. Inhaled corticosteroids would be a logical
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extension of these findings, but most studies have not
shown inhaled corticosteroids to have great benefit. Despite that lack of evidence, the use of inhaled corticosteroids has been increasing over the last few years (see Fig.
6). Currently, inhaled corticosteroids for CF patients are
best used for treating complicating conditions such as
asthma and allergic bronchopulmonary aspergillosis. Inhaled corticosteroids may also be beneficial early in the
course of the lung disease, when the inflammation is potentially more reversible. Risks from inhaled corticosteroids that should be monitored include delayed height
growth and adrenal insufficiency (with high doses).
Nonsteroidal anti-inflammatory inhaled therapy (cromolyn sodium) is decreasing in popularity as inhaled corticosteroid use has increased (see Fig. 6). There have been
no studies indicating benefit from cromolyn in CF care,
and frequent nebulized medications may increase the risk
of acquiring Pseudomonas aeruginosa infection.
Inhaled Mucolytics
Since the primary, initiating event for airway obstruction in CF is the dry, thick mucus, mucolytics are a logical
first-line therapy. There are many constituents in airway
mucus, but one of the most common is deoxyribonucleic
acid (DNA) derived from the many neutrophils attracted to
the airway by the chronic infection. Shak et al13 noted the
extremely effective mucolytic properties of dornase alfa, a
naturally-occurring anti-DNA, on CF mucus. When recombinant human dornase alfa (Pulmozyme) was studied
in a large, randomized, controlled study, patients on the
therapy had a significant improvement in pulmonary function and a significant decrease in respiratory exacerbations
over 6 months.14 Further study in patients with only mild
lung disease showed similar benefits of daily Pulmozyme
therapy over 2 years.15 These benefits of Pulmozyme therapy may not be simply due to improved mucus clearance.16 Thus, daily, twice-daily, or every-other-day Pulmozyme therapy should be considered early in the care of
CF patients.
Hypertonic saline (3–7%) improves pulmonary function
similarly to Pulmozyme over the short-term (one month).17
However, hypertonic saline is not as effective as Pulmozyme over a longer period.18 This may be related to the
airway-irritating effects of hypertonic saline and unrelated
to its mucolytic properties. N-acetyl-cystiene (Mucomyst)
has not been compared with other mucolytic therapies.19
One potential advantage of Mucomyst is that it is also an
anti-oxidant. Since oxidant injury contributes to airway
destruction in CF, this may be an important benefit. However, in vivo studies have not been preformed and this
advantage can only be surmised. Mucomyst is also an
airway irritant and over the long term may actually increase mucus production and airway obstruction. Because
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of that irritant effect, the risk of Mucomyst outweighs its
theoretical benefit.
Inhaled Antibiotics
Inhaled antibiotics are logical therapies for CF, because
most patients eventually develop chronic endobronchial
infection.20 Inhalable tobramycin was developed to provide long-term therapy for CF patients suffering Pseudomonas aeruginosa airway infection. Treatment with 300
mg inhaled tobramycin twice daily resulted in a marked
improvement in lung function, significant decreases in the
bacterial density on sputum, and decreased systemic markers of inflammation during a 6-month, randomized, placebo-controlled study.21 That study, as well as additional
studies of patients with Pseudomonas infection and normal lung function, indicate that inhaled Tobramycin also
decreases respiratory exacerbations and the need for hospitalization. Over the long term there is an increase in
bacterial antibiotic resistance, but because the airway levels of the antibiotic delivered via inhalation are so high,
the resistance does not seem to reduce the response.
Colistin (Coly-Mycin) is also frequently nebulized for
CF patients with Pseudomonas aeruginosa airway infection.22 Typically 150 mg is nebulized twice daily. Resistance is difficult to evaluate, and no long-term, randomized controlled trials have been conducted. The results of
routine therapy with colistin, however, suggest it is effective in reducing chronic colonization and infection with
Pseudomonas. Trials of other nebulized antibiotics have
been reported, but none are routinely used for CF.
Delivery Devices
Airway administration of an inhaled medication is highly
related to the delivery technique.23 This is most dramatically demonstrated with nebulized therapy, because nebulizers and compressors can affect various medications in
various ways.24 Additionally, administration technique is
extremely important. When using a mask to deliver nebulized medication to a young child, simply moving the
mask away from the face by 2 cm reduces drug delivery by
85%.25 Probably the single most important aspect of effective therapy with nebulized medications is to educate
the patient or parent in proper delivery. Ideally, the patient
should use a mouthpiece (usually possible in children over
3 years old), breathe through the mouth (occasionally requiring nose clips), use the appropriate nebulizer, and complete the entire dose. For younger children a face mask
should be used and always placed snugly onto the face.
With infants, delivery appears to be equally effective
whether the patient is awake or asleep.25
A metered-dose inhaler should always be used with a
spacer, which improves delivery and decreases adverse
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RESPIRATORY CARE
Disinfection Options for Reusable Items Contacting the
Patient

Boil in water for 5 minutes, or
Use a standard cycle dishwasher if water ⬎ 70°C is maintained for
⬎ 30 minutes, or
Microwave for 5 minutes, or
Immerse in one of the following:
• 1:50 dilution of 5.25–6.15% sodium hypochlorite (bleach) for 3
minutes
• 70% isopropyl alcohol for 5 minutes, or
• 3% hydrogen peroxide for 30 minutes
Note: Following disinfection by immersion, the device should be rinsed with sterile water (not
tap or distilled water) and allowed to air dry. An alternative is to rinse with tap water,
followed by rinsing with 70–90% alcohol.

effects (particularly for inhaled corticosteroids). Medications can be equally effective when given via nebulizer or
via metered-dose inhaler with spacer. However, more than
2 metered-dose inhaler puffs are frequently required to
provide a comparable total dose, since the dose per puff is
often much less than the dose in the nebulizer (particularly
with inhaled bronchodilators). Dry powder inhalers are
increasingly popular, but there needs to be good patient
education to assure the patient can generate an adequate
inspiratory flow. In general, dry powder inhalers should
not be used by children under 4 – 6 years old.
Delivery devices are a potential cause of nosocomial
infection, and infection control standards need to be rigidly followed.26 In addition to cleaning with soap and water, equipment needs to be disinfected, rinsed (with sterile
water), and air-dried (Table 1). Standards for disinfecting
need to be similar in both in-patient and out-patient settings, given the risk of reintroducing and perpetuating infections by CF-related pathogens.27
Airway Clearance Techniques
Airway clearance therapy should be a routine activity
for all CF patients.28,29 Even during the early phase of CF
lung disease, when the patient is asymptomatic, there can
be benefits from airway clearance. Waiting until the patient has had his or her first pneumonia or waiting until
daily coughing or mucus production is present will delay
the benefits of airway clearance and may contribute to the
deterioration in lung function. Many airway clearance techniques exist,30 –32 but only a few long-term studies have
compared the various options.33–36 The decision on which
technique to use should be based on the patient’s age and
preference after trying different approaches (Table 2).37
Generally, airway clearance therapy should be done prior
to eating, to avoid the potential for stomach upset during
any coughing. Often bronchodilators or mucolytic medications are given prior to or during airway clearance ther-
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Table 2.

Airway Clearance Techniques by Age Group
Technique

Chest physiotherapy
Active cycle of breathing
Autogenic drainage
Positive expiratory pressure (PEP)
Oscillating PEP (Flutter or Acapella)
Intrapulmonary percussive ventilation
High-frequency chest compression
(The Vest)
Exercise

0–3
years

3–9
years

⬎9
years

Yes
No
No
No
No
No
No

Yes
Yes
No
Yes
Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

apy. Inhaled corticosteroids and inhaled antibiotics should
be given after airway clearance therapy so that the airways
are first cleared of secretions, allowing the medications to
maximally penetrate into the lung.
Chest Physiotherapy
Most forms of airway clearance therapy are similarly
effective, but the accepted standard for airway clearance is
chest physiotherapy (CPT), also known as percussion-anddrainage or chest clapping.38,39 CPT is typically performed
with a cupped hand or a plastic cup and rapid “clapping”
onto the chest. Usually, an assistant is required; however,
patients can perform their own CPT on the front and sides
of the chest. Mechanical devices are available, although
they do not clear the airways better than manual techniques.40 During CPT the patient is placed in several
positions to enhance mucus clearance. Percussion is usually performed for 1 or 2 minutes in each position,
followed by encouraging the patient to cough. Infants
will occasionally cough spontaneously if mucus is
present, but the goal is to move peripheral mucus into
more central airways, and this will happen even in the
absence of coughing. During CPT the oxygen saturation
may decrease, and patients with severe lung disease
should be watched for signs of low oxygen.41 To reduce
desaturation, inspiratory pressure-support ventilation
can be added during CPT.42 Gastroesophageal reflux
can be exacerbated during CPT, so the head-down position should be avoided in all patients.43,44
Active Cycle of Breathing
Active cycle of breathing technique is a form of airway
clearance that improves lung function without decreasing
oxygenation.45 Unlike CPT, active cycle of breathing technique does not require an assistant. This technique is a
combination of breathing control, thoracic expansion, and
the forced expiratory technique. Breathing control is normal tidal breathing with the lower chest, allowing the up-
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per chest and shoulders to relax (also referred to as diaphragmatic breathing). During active cycle of breathing
technique, breathing control is used between periods of
thoracic expansion and forced expiratory technique.
Thoracic expansion exercises involve deep breathing,
focusing on active inspiration. Deep inspiration is often
followed by a several-second breath-hold, which is particularly valuable for the postoperative patient, in whom it
aids in avoiding atelectasis. Thoracic expansion is repeated
3– 4 times, followed by a period of breathing control.
The forced expiratory technique combines 1 or 2 huffs
(forced exhalations) with periods of breathing control.46 In
general, the forced expiratory technique should be combined with other forms of airway clearance.38,47 However,
huffs can be more effective than coughing, and patients
often use a modified forced expiratory technique when
they need to move mucus (such as while in the shower or
other moist environment). Huffing can be performed at
various lung volumes. At low lung volumes, the huff moves
mucus primarily from the more peripheral airways, whereas
at high lung volume, the huff clears the secretions from the
larger, more proximal airways. The forced exhalation produces a dynamic compression of the airway, leading to
airway collapse downstream (toward the mouth) from the
point where pressure outside the airway is similar to inside
the airway (referred to as the equal pressure point or flowlimiting segment). Any mucus within this distance of compressed airway will be exhaled from the lung by increased
air turbulence. As lung volume decreases, the area of airway compression moves upstream (toward the alveolus),
resulting in movement of more peripheral mucus. A prolonged huff, or a series of coughs without intervening
breaths, moves the compressing segment deep into the
segmental bronchi. Huff results in lower transpulmonary
pressure than a sequence of coughs, resulting in less complete airway collapse. The huff is a forced but not violent
maneuver and can be varied by length and force to optimize mucus clearance. Young children can be taught to
huff by playing games. It is important to remember the
goal is not to do a maximal flow maneuver such as that
performed for pulmonary function testing.
Autogenic Drainage
Autogenic drainage has many of the attributes of active
cycle of breathing technique. The goal is to breathe at
different lung volumes and create the highest possible air
flow in different airway generations. As a result, the mucus is “unstuck” at low lung volume, “collected” at middle
lung volume, and “evacuated” at high lung volumes (Fig.
7).48 With autogenic drainage, there is a balance between
the tendency for airway collapse and the need to move air
rapidly enough to move secretions. Initially the patient
breathes tidally below his or her normal functional resid-
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Fig. 7. Tidal breathing at various lung volumes during autogenic
breathing. TLC ⫽ total lung capacity. FRC ⫽ functional residual
capacity. RV ⫽ residual volume. TV ⫽ tidal volume.

ual capacity (the volume where the lung normally rests at
the end of an exhalation). This causes mucus to be cleared
from the more peripheral airways. Exhalation is mildly
forced, to shear mucus from the airway walls. After breathing for a few minutes at this volume, the patient inspires a
small amount, raising the volume for tidal breathing. This
cycle is repeated several times, eventually raising lung
volume to well above functional residual capacity. Often
mucus is expectorated without the need for forced coughing.49 Because of this, oxygenation is unaffected during
autogenic drainage.41 Frequently, autogenic drainage is
combined with several aspects of active cycle of breathing
technique, including doing the forced expiratory technique
between different levels of lung inflation. Given the similar benefits of these techniques, patients should be encouraged to experiment with the different techniques to
find the optimal way to clear secretions.50
Positive Expiratory Pressure and Flutter
Airway collapse is a major problem with more advanced
CF lung disease. Bronchiectasis results in weakening of
airway walls, and even with normal breathing there can be
airway collapse, causing secretions to be trapped in the
smaller airways. Positive expiratory pressure (PEP) is an
airway clearance technique developed to reduce the airway
collapse caused by bronchiectasis.51–54 There are 3 modifications of the PEP technique: low-pressure PEP, high-pressure PEP, and oscillating PEP (Flutter or Acapella).
Low-pressure PEP consists of a mouthpiece or face mask
attached to a low-pressure, expiratory resister.55,56 Usually
there is some form of manometer to measure the expiratory pressure. The degree of expiratory resistance can usually be varied so that the patient can exhale, without exertion, and maintain pressures of 10 –20 cm H2O. Inspiration
is passive and exhalation slightly active against the resis-
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Fig. 8. Maximum expiratory flow-volume curves produced with
various degrees of expiratory resistance to assess the optimal
settings for high-pressure positive expiratory pressure therapy. As
the diameter of the expiratory resistor is decreased (increasing
resistance), the curvalinearity of the expiratory curves decreases,
indicating successful distal airway distension. Note that at very
high resistance (1 mm diameter) the resistance is so high that full
exhalation is not possible.

tance. Techniques differ, but usually involve 1–2 min of
tidal breathing or 15–20 expiratory breaths of 3 seconds
each. The PEP is removed and the patient does several
forced exhalations and coughs. This cycle is repeated 3– 4
times, with the entire treatment lasting 15–20 min. Lowpressure PEP is similar to CPT for airway clearance, although there may be less oxygen desaturation.57– 60 In one
of the few long-term studies of airway clearance, PEP
resulted in better lung function than conventional CPT.35
High-pressure PEP is similar, but instead of slightly
active exhalation, this technique uses forced expiratory
maneuvers against the resister, creating high pressure.61,62
The patient inhales to total lung capacity and performs an
FVC maneuver, creating pressures between 40 and 100 cm
H2O. As with low-pressure PEP, the expiratory resister is
adjusted to provide for optimal airway distention. Optimal
distention should prevent airway closure and can be determined by plotting the flow-volume curve at different
resistances (Fig. 8).
Oscillating PEP is most commonly performed with the
Flutter device or the Acapella device. Both short-term and
long-term studies with CF patients have shown the Flutter
to be similar to CPT or PEP.36,63– 66 The patient exhales
into the Flutter device; during exhalation the steel ball
inside the device bounces, causing vibratory obstruction to
air flow, which oscillates both the pressure and air flow
during exhalation. The angle at which the device is held
determines the oscillation frequency (usually between 6
and 26 Hz), and the patient’s expiratory effort determines
the pressure. As with other PEP techniques, the patient
repeats the maneuver for 10 –15 breaths and then does
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Fig. 9. Intrapulmonary percussive ventilation creates oscillating
machine volumes on top of the patient’s spontaneous breathing.
TLC ⫽ total lung capacity. FRC ⫽ functional residual volume.
RV ⫽ residual volume. TV ⫽ tidal volume.
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coelastic properties of the mucus. Shearing occurs at the
mucus/airway-surface interface and results from the kinetic energy released by high-velocity air flow. Peak flows
during HFCC are similar to those produced with coughing,
although for briefer duration. The result, however, is to
enhance release and downstream flow of mucus. Mucus
viscoelasticity can be altered mechanically as well as chemically.74 –76
High-frequency chest compression is clinically safe and
effective in CF patients.77–79 Unlike CPT, however, the
patient can independently perform HFCC.80 Patient acceptance, and therefore adherence with prescribed routine, may
also be better with HFCC.81 In-patient HFCC therapy is also
effective, and, although the initial equipment cost is high,
subsequent savings in therapist time can be expected.82
Exercise

several huffs or coughs without the device. This cycle is
repeated 3– 4 times, resulting in a 15–20 min airway clearance session.
Intrapulmonary Percussive Ventilation
Intrapulmonary percussive ventilation (IPV) has many
attributes similar to oscillating PEP. However, with IPV
there are continuous oscillating pressures during both inhalation and exhalation.67 The pressure and frequency of
these oscillations can be varied, but typically the frequency
is 6 –12 Hz and the pressures are 10 –20 cm H2O. Following IPV therapy, sputum production and pulmonary function improvement is similar to that following standard
CPT.68 –71 However, fluid can be delivered during IPV,
similar to intermittent positive-pressure breathing. Unlike
intermittent positive-pressure breathing, however, there is
no attempt to breathe for the patient. Instead, the oscillating pressure is layered on top of the patient’s normal tidal
breathing (Fig. 9). Although there are no studies of medication delivery via IPV in CF patients, there have been
studies of other pressure-assisted techniques, and those
studies showed enhanced drug deposition without changes
in lung distribution.72 Further study of drug deposition via
IPV is needed to assure clinical efficacy, since some medications, such as dornase alfa, may be broken down when
delivered via nonapproved nebulizers.
High-Frequency Chest Compression
High-frequency chest compression (HFCC) was developed to provide oscillation to the external chest, similar to
the airway oscillation provided by oscillating PEP and
IPV.71,73 Oscillation has potential benefit both by shearing
mucus from the airway wall and by modifying the vis-
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Many investigators have studied the effects of exercise
and exercise programs on CF.83 Closely supervised programs encourage patient adherence to exercise routines
and provide for close monitoring; however, these programs
are difficult to organize and may not be feasible for the
typical patient. Additionally, many patients are unable to
maintain prolonged, high-intensity programs. Whether the
exercise actually improves mucus clearance is debated,84
although several studies indicate that patients in regular
exercise programs have better lung function than less active patients.85 Patients also report improved quality of life
when they exercise regularly, and the quality-of-life improvement is directly related to the patient’s exercise tolerance increasing with regular aerobic training. Aerobic
fitness may also be an indicator of disease status and prognosis. There is lower mortality among CF patients who
exercise regularly, even when controlled for pulmonary
function.
Prior to initiating an exercise program, all patients should
be assessed clinically and physiologically. Oxygenation
during exercise should be monitored to assure that subjects
do not substantially desaturate (⬎ 3– 4% drop). In general,
CF patients with mild lung disease (FEV1 ⬎ 80% of predicted) will not have exercise-related desaturation. Patients
with severe pulmonary disease (FEV1 ⬍ 40% of predicted)
are likely to experience both hypoxia and hypercarbia with
exercise. These patients are at risk for adverse events during exercise and should have close cardiopulmonary monitoring if they plan to exercise. Continuous positive airway
pressure or supplemental oxygen during exercise may help
these patients by reducing the work of breathing.86,87 Once a
patient is cleared for exercise, he or she can be encouraged
to exercise for at least 30 min, 3 times a week. Exercise,
however, is not superior to routine airway clearance and
should be used as supplemental therapy.33 The reduced
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deterioration of lung function related to exercise is seen
only when combined with routine airway clearance.
Noninvasive Ventilation
Noninvasive ventilation, most commonly biphasic positive airway pressure, has increasing value for “bridging
the gap” between respiratory failure and lung transplant in
CF patients.88 –91 However, other uses may prove increasingly valuable. Though nocturnal oxygen therapy has not
been shown to improve long-term prognosis,92 nighttime
biphasic positive airway pressure therapy reduces hypoxia,
hypercarbia, and work of breathing, and may enhance airway clearance and reduce pulmonary hypertension.93–97
Alternatively, nighttime desaturation related to decreasing
end-expiratory lung volume during rapid-eye-movement
sleep can be reduced with nasal continuous positive airway pressure.98
Summary
Advances in understanding the genetics and pathophysiology of CF have improved patient care and survival.
Currently, every patient born with CF should be expected
to live well into adulthood, with most patients having productive careers and families. Because of these advances,
prevention and care of the lung disease associated with CF
have taken on increasing importance. The future definitive
treatment or cure for CF will probably help only patients
with normal or good lung function. Thus, the goal has to
be to maintain clear airways, to avoid airway infections,
and to reduce airway inflammation. This can only occur in
a patient who has a good nutritional state. The respiratory
therapist is a key figure in knowing all available techniques for airway clearance so that the patient and his or
her parents can be provided with every option. Additionally, the respiratory therapist needs to know the many
available inhalable therapies and needs to educate the patient in their uses. Finally, by assuring that infection control techniques are followed closely, the care provider can
reduce the chance that a patient will acquire a complicating nosocomial infection.
REFERENCES
1. Cystic Fibrosis Foundation 2001 patient registry. 2002. Cystic Fibrosis Foundation, Bethesda, Maryland.
2. Abman SH, Reardon MC, Accurso FJ, Hammond KB, Sokol RJ. Hypoalbuminemia at diagnosis as a marker for severe respiratory course
in infants with cystic fibrosis identified by newborn screening. J Pediatr 1985;107(6):933–935.
3. Davis S, Jones M, Kisling J, Howard J, Tepper RS. Comparison of
normal infants and infants with cystic fibrosis using forced expiratory flows breathing air and heliox. Pediatr Pulmonol 2001;31(1):
17–23.

RESPIRATORY CARE • MARCH 2003 VOL 48 NO 3

IN

RESPIRATORY CARE

4. Mohon RT, Wagener JS, Abman SH, Seltzer WK, Accurso FJ. Relationship of genotype to early pulmonary function in infants with
cystic fibrosis identified through neonatal screening. J Pediatr 1993;
122(4):550–555.
5. Abman SH, Ogle JW, Harbeck RJ, Butler-Simon N, Hammond KB,
Accurso FJ. Early bacteriologic, immunologic, and clinical courses
of young infants with cystic fibrosis identified by neonatal screening.
J Pediatr 1991;119(2):211–217.
6. Robinson TE, Leung AN, Moss RB, Blankenberg FG, Al Dabbagh
H, Northway WH. Standardized high-resolution CT of the lung using
a spirometer- triggered electron beam CT scanner. Am J Roentgenol
1999;172(6):1636–1638.
7. Konstan MW, Butler SM, Schidlow DV, Morgan WJ, Julius JR,
Johnson CA. Patterns of medical practice in cystic fibrosis: part II.
Use of therapies. Investigators and Coordinators of the Epidemiologic Study of Cystic Fibrosis. Pediatr Pulmonol 1999;28(4):248–
254.
8. Hordvik NL, Sammut PH, Judy CG, Strizek SJ, Colombo JL. The
effects of albuterol on the lung function of hospitalized patients with
cystic fibrosis. Am J Respir Crit Care Med 1996;154(1):156–160.
9. Weinberger M. Airways reactivity in patients with CF. Clin Rev
Allergy Immunol 2002;23(1):77–85.
10. Eggleston PA, Rosenstein BJ, Stackhouse CM, Alexander MF. Airway hyperreactivity in cystic fibrosis: clinical correlates and possible
effects on the course of the disease. Chest 1988;94(2):360–365.
11. Hordvik NL, Sammut PH, Judy CG, Colombo JL. Effects of standard and high doses of salmeterol on lung function of hospitalized
patients with cystic fibrosis. Pediatr Pulmonol 1999;27(1):43–53.
12. Salvatore D, D’Andria M. Effects of salmeterol on arterial oxyhemoglobin saturations in patients with cystic fibrosis. Pediatr Pulmonol 2002;34(1):11–15.
13. Shak S, Capon DJ, Hellmiss R, Marsters SA, Baker CL. Recombinant human DNase I reduces the viscosity of cystic fibrosis sputum.
Proc Natl Acad Sci U S A 1990;87(23):9188–9192.
14. Fuchs HJ, Borowitz DS, Christiansen DH, Morris EM, Nash ML,
Ramsey BW, et al. Effect of aerosolized recombinant human DNase
on exacerbations of respiratory symptoms and on pulmonary function in patients with cystic fibrosis. The Pulmozyme Study Group.
N Engl J Med 1994;331(10):637–642.
15. Quan JM, Tiddens HA, Sy JP, McKenzie SG, Montgomery MD,
Robinson PJ, et al. A two-year randomized, placebo-controlled trial
of dornase alfa in young patients with cystic fibrosis with mild lung
function abnormalities. J Pediatr 2001;139(6):813–820.
16. Laube BL, Auci RM, Shields DE, Christiansen DH, Lucas MK,
Fuchs HJ, et al. Effect of rhDNase on airflow obstruction and mucociliary clearance in cystic fibrosis. Am J Respir Crit Care Med
1996;153(2):752–760.
17. Eng PA, Morton J, Douglass JA, Riedler J, Wilson J, Robertson CF.
Short-term efficacy of ultrasonically nebulized hypertonic saline in
cystic fibrosis. Pediatr Pulmonol 1996;21(2):77–83.
18. Suri R, Metcalfe C, Lees B, Grieve R, Flather M, Normand C, et al.
Comparison of hypertonic saline and alternate-day or daily recombinant human deoxyribonuclease in children with cystic fibrosis: a
randomised trial. Lancet 2001;358(9290):1316–1321.
19. Dietzsch HJ, Gottschalk B, Heyne K, Leupoid W, Wunderlich P.
Cystic fibrosis: comparison of two mucolytic drugs for inhalation
treatment (acetylcysteine and arginine hydrochloride). Pediatrics
1975;55(1):96–100.
20. Sermet-Gaudelus I, Le Cocguic Y, Ferroni A, Clairicia M, Barthe J,
Delaunay J, et al. Nebulized antibiotics in cystic fibrosis. Paediatr
Drugs 2002;4(7):455–467.
21. Ramsey BW, Dorkin HL, Eisenberg JD, Gibson RL, Harwood IR,
Kravitz RM, et al. Efficacy of aerosolized tobramycin in patients
with cystic fibrosis.N Engl J Med 1993;328(24):1740–1746.

243

CYSTIC FIBROSIS: CURRENT TRENDS
22. Beringer P. The clinical use of colistin in patients with cystic fibrosis. Curr Opin Pulm Med 2001;7(6):434–440.
23. Ho SL, Kwong WT, O’Drowsky L, Coates AL. Evaluation of four
breath-enhanced nebulizers for home use. J Aerosol Med 2001;14(4):
467–475.
24. Katz SL, Ho SL, Coates AL. Nebulizer choice for inhaled colistin
treatment in cystic fibrosis. Chest 2001;119(1):250–255.
25. Everard ML, Clark AR, Milner AD. Drug delivery from jet nebulisers. Arch Dis Child 1992;67(5):586–591.
26. Infection control recommendations for patients with cystic fibrosis.
May 30 2001. Cystic Fibrosis Foundation, Bethesda, Maryland.
27. Pitchford KC, Corey M, Highsmith AK, Perlman R, Bannatyne R,
Gold R, et al. Pseudomonas species contamination of cystic fibrosis patients’ home inhalation equipment. J Pediatr 1987;111(2):
212–216.
28. Desmond KJ, Schwenk WF, Thomas E, Beaudry PH, Coates AL.
Immediate and long-term effects of chest physiotherapy in patients
with cystic fibrosis. J Pediatr 1983;103(4):538–542.
29. van der Schans C, Prasad A, Main E. Chest physiotherapy compared
to no chest physiotherapy for cystic fibrosis (Cochrane Review). In:
The Cochrane Library, Issue 4 2002. Oxford: Update Software. Available at http://www.update-software.com/abstracts/titlelist.htm.
30. Hardy KA. A review of airway clearance: new techniques, indications, and recommendations. Respir Care 1994;39(5):440–452; discussion 453–455.
31. Langenderfer B. Alternatives to percussion and postural drainage: a
review of mucus clearance therapies: percussion and postural drainage, autogenic drainage, positive expiratory pressure, flutter valve,
intrapulmonary percussive ventilation, and high-frequency chest compression with the ThAIRapy Vest. J Cardiopulm Rehabil 1998;18(4):
283–289.
32. Pryor JA. Physiotherapy for airway clearance in adults. Eur Respir J
1999;14(6):1418–1424.
33. Lannefors L, Wollmer P. Mucus clearance with three chest physiotherapy regimes in cystic fibrosis: a comparison between postural drainage, PEP and physical exercise. Eur Respir J 1992;
5(6):748–753.
34. Braggion C, Cappelletti LM, Cornacchia M, Zanolla L, Mastella G.
Short-term effects of three chest physiotherapy regimens in patients
hospitalized for pulmonary exacerbations of cystic fibrosis: a crossover randomized study. Pediatr Pulmonol 1995;19(1):16–22.
35. McIlwaine PM, Wong LT, Peacock D, Davidson AG. Long-term
comparative trial of conventional postural drainage and percussion
versus positive expiratory pressure physiotherapy in the treatment of
cystic fibrosis. J Pediatr 1997;131(4):570–574.
36. McIlwaine PM, Wong LT, Peacock D, Davidson AG. Long-term
comparative trial of positive expiratory pressure versus oscillating
positive expiratory pressure (flutter) physiotherapy in the treatment
of cystic fibrosis. J Pediatr 2001;138(6):845–850.
37. McIlwaine MP, Davidson AG. Airway clearance techniques in the
treatment of cystic fibrosis. Curr Opin Pulm Med 1996;2(6):
447–451.
38. Reisman JJ, Rivington-Law B, Corey M, Marcotte J, Wannamaker
E, Harcourt D, Levison H. Role of conventional physiotherapy in
cystic fibrosis. J Pediatr 1988;113(4):632–636.
39. Thomas J, Cook DJ, Brooks D. Chest physical therapy management
of patients with cystic fibrosis. A meta-analysis. Am J Respir Crit
Care Med 1995;151(3 Pt 1):846–850.
40. Bauer ML, McDougal J, Schoumacher RA. Comparison of manual
and mechanical chest percussion in hospitalized patients with cystic
fibrosis. J Pediatr 1994;124(2):250–254.
41. Giles DR, Wagener JS, Accurso FJ, Butler-Simon N. Short-term
effects of postural drainage with clapping vs autogenic drainage on

244

IN

RESPIRATORY CARE

oxygen saturation and sputum recovery in patients with cystic fibrosis. Chest 1995;108(4):952–954.
42. Fauroux B, Boule M, Lofaso F, Zerah F, Clement A, Harf A, Isabey
D. Chest physiotherapy in cystic fibrosis: improved tolerance with
nasal pressure support ventilation. Pediatrics 1999;103(3):E32.
43. Button BM, Heine RG, Catto-Smith AG, Phelan PD. Postural drainage in cystic fibrosis: is there a link with gastro-oesophageal reflux?
J Paediatr Child Health 1998;34(4):330–340.
44. Button BM, Heine RG, Catto-Smith AG, Phelan PD, Olinsky A.
Postural drainage and gastro-oesophageal reflux in infants with cystic fibrosis. Arch Dis Child 1997;76(2):148–150.
45. Pryor JA, Webber BA, Hodson ME. Effect of chest physiotherapy
on oxygen saturation in patients with cystic fibrosis. Thorax 1990;
45(1):77.
46. van der Schans CP. Forced expiratory manoeuvres to increase transport of bronchial mucus: a mechanistic approach. Monaldi Arch
Chest Dis 1997;52(4):367–370.
47. van Hengstum M, Festen J, Beurskens C, Hankel M, Beekman F,
Corstens F. Conventional physiotherapy and forced expiration manoeuvres have similar effects on tracheobronchial clearance. Eur
Respir J 1988;1(8):758–761.
48. Schoni MH. Autogenic drainage: a modern approach to physiotherapy in cystic fibrosis. J R Soc Med 1989;82 Suppl 16:32–37.
49. Lindemann H, Boldt A, Kieselmann R. Autogenic drainage: efficacy
of a simplified method. Acta Univ Carol [Med] (Praha) 1990;36(1–
4):210–212.
50. Miller S, Hall DO, Clayton CB, Nelson R. Chest physiotherapy in
cystic fibrosis: a comparative study of autogenic drainage and the
active cycle of breathing techniques with postural drainage. Thorax
1995;50(2):165–169.
51. Tonnesen P, Stovring S. Positive expiratory pressure (PEP) as lung
physiotherapy in cystic fibrosis: a pilot study. Eur J Respir Dis
1984;65(6):419–422.
52. Falk M, Kelstrup M, Andersen JB, Kinoshita T, Falk P, Stovring S,
Gothgen I. Improving the ketchup bottle method with positive expiratory pressure, PEP, in cystic fibrosis. Eur J Respir Dis 1984;
65(6):423–432.
53. Groth S, Stafanger G, Dirksen H, Andersen JB, Falk M, Kelstrup M.
Positive expiratory pressure (PEP-mask) physiotherapy improves ventilation and reduces volume of trapped gas in cystic fibrosis. Bull Eur
Physiopathol Respir 1985;21(4):339–343.
54. Fink JB. Positive pressure techniques for airway clearance. Respir
Care 2002;47(7):786–796.
55. van der Schans CP, van der Mark TW, de Vries G, Piers DA,
Beekhuis H, Dankert-Roelse JE, et al. Effect of positive expiratory pressure breathing in patients with cystic fibrosis. Thorax
1991;46(4):252–256.
56. Steen HJ, Redmond AO, O’Neill D, Beattie F. Evaluation of the PEP
mask in cystic fibrosis. Acta Paediatr Scand 1991;80(1):51–56.
57. Tyrrell JC, Hiller EJ, Martin J. Face mask physiotherapy in cystic
fibrosis. Arch Dis Child 1986;61(6):598–600.
58. Hofmeyr JL, Webber BA, Hodson ME. Evaluation of positive expiratory pressure as an adjunct to chest physiotherapy in the treatment of cystic fibrosis. Thorax 1986;41(12):951–954.
59. Van Asperen PP, Jackson L, Hennessy P, Brown J. Comparison of a
positive expiratory pressure (PEP) mask with postural drainage in
patients with cystic fibrosis. Aust Paediatr J 1987;23(5):283–284.
60. Mortensen J, Falk M, Groth S, Jensen C. The effects of postural
drainage and positive expiratory pressure physiotherapy on tracheobronchial clearance in cystic fibrosis. Chest 1991;100(5):1350–1357.
61 Oberwaldner B, Evans JC, Zach MS. Forced expirations against a
variable resistance: a new chest physiotherapy method in cystic fibrosis. Pediatr Pulmonol 1986;2(6):358–367.

RESPIRATORY CARE • MARCH 2003 VOL 48 NO 3

CYSTIC FIBROSIS: CURRENT TRENDS
62. Oberwaldner B, Theissl B, Rucker A, Zach MS. Chest physiotherapy
in hospitalized patients with cystic fibrosis: a study of lung function
effects and sputum production. Eur Respir J 1991;4(2):152–158.
63. Konstan MW, Stern RC, Doershuk CF. Efficacy of the Flutter device
for airway mucus clearance in patients with cystic fibrosis. J Pediatr
1994;124(5 Pt 1):689–693.
64. Homnick DN, Anderson K, Marks JH. Comparison of the flutter
device to standard chest physiotherapy in hospitalized patients with
cystic fibrosis: a pilot study. Chest 1998;114(4):993–997.
65. Gondor M, Nixon PA, Mutich R, Rebovich P, Orenstein DM. Comparison of Flutter device and chest physical therapy in the treatment
of cystic fibrosis pulmonary exacerbation. Pediatr Pulmonol 1999;
28(4):255–260.
66. van Winden CM, Visser A, Hop W, Sterk PJ, Beckers S, de Jongste
JC. Effects of flutter and PEP mask physiotherapy on symptoms and
lung function in children with cystic fibrosis. Eur Respir J 1998;
12(1):143–147.
67. Eichler I, Gotz M. [Intrapulmonary percussion in cystic fibrosis].
Dtsch Med Wochenschr 1986;111(23):896–898. Article in German
68. Natale JE, Pfeifle J, Homnick DN. Comparison of intrapulmonary
percussive ventilation and chest physiotherapy: a pilot study in patients with cystic fibrosis. Chest 1994;105(6):1789–1793.
69. Ambrosino N, Callegari G, Galloni C, Brega S, Pinna G. Clinical
evaluation of oscillating positive expiratory pressure for enhancing
expectoration in diseases other than cystic fibrosis. Monaldi Arch
Chest Dis 1995;50(4):269–275.
70. Homnick DN, White F, de Castro C. Comparison of effects of an
intrapulmonary percussive ventilator to standard aerosol and chest
physiotherapy in treatment of cystic fibrosis. Pediatr Pulmonol 1995;
20(1):50–55.
71. Scherer TA, Barandun J, Martinez E, Wanner A, Rubin EM. Effect
of high-frequency oral airway and chest wall oscillation and conventional chest physical therapy on expectoration in patients with
stable cystic fibrosis. Chest 1998;113(4):1019–1027.
72. Fauroux B, Itti E, Pigeot J, Isabey D, Meignan M, Ferry G, et al.
Optimization of aerosol deposition by pressure support in children
with cystic fibrosis: an experimental and clinical study. Am J Respir
Crit Care Med 2000;162(6):2265–2271.
73. Hansen LG, Warwick WJ, Hansen KL. Mucus transport mechanisms
in relation to the effect of high frequency chest compression (HFCC)
on mucus clearance. Pediatr Pulmonol 1994;17(2):113–118.
74. App EM, Kieselmann R, Reinhardt D, Lindemann H, Dasgupta B,
King M, Brand P. Sputum rheology changes in cystic fibrosis lung
disease following two different types of physiotherapy: flutter vs
autogenic drainage. Chest 1998;114(1):171–177.
75. Dasgupta B, Brown NE, King M. Effects of sputum oscillations and
rhDNase in vitro: a combined approach to treat cystic fibrosis lung
disease. Pediatr Pulmonol 1998;26(4):250–255.
76. Dasgupta B, Tomkiewicz RP, Boyd WA, Brown NE, King M. Effects of combined treatment with rhDNase and airflow oscillations
on spinnability of cystic fibrosis sputum in vitro. Pediatr Pulmonol
1995;20(2):78–82.
77. Hansen LG, Warwick WJ. High-frequency chest compression system to aid in clearance of mucus from the lung. Biomed Instrum
Technol 1990;24(4):289–294.
78. Warwick WJ, Hansen LG. The long-term effect of high-frequency
chest compression therapy on pulmonary complications of cystic
fibrosis. Pediatr Pulmonol 1991;11(3):265–271.
79. Kluft J, Beker L, Castagnino M, Gaiser J, Chaney H, Fink RJ. A
comparison of bronchial drainage treatments in cystic fibrosis. Pediatr Pulmonol 1996;22(4):271–274.
80. Butler S, O’Neill B. High frequency chest compression therapy: a
case study. Pediatr Pulmonol 1995;19(1):56–59.

RESPIRATORY CARE • MARCH 2003 VOL 48 NO 3

IN

RESPIRATORY CARE

81. Oermann CM, Sockrider MM, Giles D, Sontag MK, Accurso FJ,
Castile RG. Comparison of high-frequency chest wall oscillation and
oscillating positive expiratory pressure in the home management of
cystic fibrosis: a pilot study. Pediatr Pulmonol 2001;32(5):372–377.
82. Arens R, Gozal D, Omlin KJ, Vega J, Boyd KP, Keens TG, Woo
MS. Comparison of high frequency chest compression and conventional chest physiotherapy in hospitalized patients with cystic fibrosis. Am J Respir Crit Care Med 1994;150(4):1154–1157.
83. Bar-Or O. Home-based exercise programs in cystic fibrosis: are they
worth it? J Pediatr 2000;136(3):279–280.
84. Baldwin DR, Hill AL, Peckham DG, Knox AJ. Effect of addition
of exercise to chest physiotherapy on sputum expectoration and
lung function in adults with cystic fibrosis. Respir Med 1994;
88(1):49–53.
85. Schneiderman-Walker J, Pollock SL, Corey M, Wilkes DD, Canny
GJ, Pedder L, Reisman JJ. A randomized controlled trial of a
3-year home exercise program in cystic fibrosis. J Pediatr 2000;
136(3):304–310.
86. Henke KG, Regnis JA, Bye PT. Benefits of continuous positive
airway pressure during exercise in cystic fibrosis and relationship to
disease severity. Am Rev Respir Dis 1993;148(5):1272–1276.
87. Marcus CL, Bader D, Stabile MW, Wang CI, Osher AB, Keens
TG. Supplemental oxygen and exercise performance in patients
with cystic fibrosis with severe pulmonary disease. Chest 1992;
101(1):52–57.
88. Hodson ME, Madden BP, Steven MH, Tsang VT, Yacoub MH.
Non-invasive mechanical ventilation for cystic fibrosis patients: a
potential bridge to transplantation. Eur Respir J 1991;4(5):524–527.
89. Piper AJ, Parker S, Torzillo PJ, Sullivan CE, Bye PT. Nocturnal
nasal IPPV stabilizes patients with cystic fibrosis and hypercapnic
respiratory failure. Chest 1992;102(3):846–850.
90. Hill AT, Edenborough FP, Cayton RM, Stableforth DE. Long-term
nasal intermittent positive pressure ventilation in patients with cystic
fibrosis and hypercapnic respiratory failure (1991–1996). Respir Med
1998:92(3):523–526.
91. Caronia CG, Silver P, Nimkoff L, Gorvoy J, Quinn C, Sagy M. Use
of bilevel positive airway pressure (BIPAP) in end-stage patients
with cystic fibrosis awaiting lung transplantation. Clin Pediatr (Phila)
1998;37(9):555–559.
92. Zinman R, Corey M, Coates AL, Canny GJ, Connolly J, Levison H,
Beaudry PH. Nocturnal home oxygen in the treatment of hypoxemic
cystic fibrosis patients. J Pediatr 1989;114(3):368–377.
93. Gozal D. Nocturnal ventilatory support in patients with cystic fibrosis: comparison with supplemental oxygen. Eur Respir J 1997;10(9):
1999–2003.
94. Granton JT, Kesten S. The acute effects of nasal positive pressure
ventilation in patients with advanced cystic fibrosis. Chest 1998;
113(4):1013–1018.
95. Milross MA, Piper AJ, Norman M, Becker HF, Willson GN, Grunstein RR, et al. Low-flow oxygen and bilevel ventilatory support.
effects on ventilation during sleep in cystic fibrosis. Am J Respir Crit
Care Med 2001;163(1):129–134.
96. Serra A, Polese G, Braggion C, Rossi A. Non-invasive proportional
assist and pressure support ventilation in patients with cystic fibrosis
and chronic respiratory failure. Thorax 2002;57(1):50–54.
97. Granton JT, Shapiro C, Kesten S. Noninvasive nocturnal ventilatory
support in advanced lung disease from cystic fibrosis. Respir Care
2002;47(6):675–681.
98. Regnis JA,Piper AJ, Henke KG, Parker S, Bye PT, Sullivan CE.
Benefits of nocturnal nasal CPAP in patients with cystic fibrosis.
Chest 1994;106(6):1717–1724.

245

CYSTIC FIBROSIS: CURRENT TRENDS

Discussion
Davis: Could you comment on the
use of ibuprofen as an anti-inflammatory medication in CF?
Wagener: I mentioned the one longterm study of alternate-day steroids
that showed benefit, but also showed
a concerning complication rate.1 A
comparable study with the anti-inflammatory ibuprofen showed similar benefit with less deterioration in
lung function.2 But there is concern
about potential complications with
high ibuprofen doses.
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Davis: Could you also comment on
the utility of antibiotics in eradicating
Pseudomonas in infants?
Wagener: The large, controlled, inhaled tobramycin study I mentioned did
not show Pseudomonas eradication in
patients with chronic Pseudomonas.1 A
study was recently completed of inhaled
tobramycin for infants and young children with early onset of Pseudomonas.2
As you might expect, the drug was adequately delivered and effective in infants. Although that study had a limited
number of patients, there was 100%
eradication of the Pseudomonas at the
end of 1 month of treatment. However,
at the end of 2 months, there was a 25%
recurrence in the upper airway. So it seems
inhaled tobramycin is more effective
when used early on in this disease.
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Wiswell: Bronchoscopic evaluation
of surfactant levels indicates that certain
lipids and surfactant proteins (especially anti-inflammatory ones such as surfactant proteins A and D) are low in the
majority of CF patients. Potentially, an
aerosolized surfactant would be useful,
since you don’t need to get the surfactant all the way down to the alveoli, but
rather just to the more proximal airways
for it to be helpful.

Wagener: I find this very exciting.
As we develop technology to identify
and produce these selective products,
I am sure we will see benefit for conditions such as CF, particularly if we
can intervene early in the disease.

Wagener: Surfactant proteins A and
D are low in lavage fluid from older CF
patients, suggesting that replacing or
adding these surfactant proteins may be
of some value. The remaining components of surfactant (the non-proteins and
the B and C proteins) seem to be in the
normal range. Because this deficiency
is selective, if replacement is to be tried,
we may need a more focused approach
than that of the neonatal product.

REFERENCES

Wiswell: The commercially available
surfactants do not contain surfactant proteins A or D. There were human surfactant trials performed in the 1980s by
T Allen Merritt and Mikko Hallman,
but I don’t know whether there were
surfactant proteins A or D in the human
surfactants that they were using.1,2 It’s
also very difficult, if not impossible at
this point, to try to use recombinant protein technology to produce those particular proteins. So I don’t know if we’re
going to get there. There is seemingly
some anti-inflammatory effect from surfactant proteins B and C, but they don’t
seem to play as major a role as surfactant proteins A and D.
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Kercsmar: I have 2 questions regarding the data about using inhaled
corticosteroids and about using shortacting bronchodilators in CF patients.
Does it make a difference if you dissect out that subset who have either
allergy or increased airway reactivity
or who have demonstrated a positive
response to the bronchodilator? Also,
do you want to comment on possible
risks of any form of airway therapy,
particularly with IPV?
Wagener: Many investigators have
separated the bronchodilator-responsive patients from the nonresponsive
patients. In fact, Hordvik et al1 found
the benefit from long-acting bronchodilators almost exclusively in the bronchodilator-responsive patients. This
demonstrates the importance of obtaining pre- and post-bronchodilator
pulmonary function tests with CF patients. The inhaled steroid studies have
not separated out the patients who had
bronchial hyperresponsiveness. Unfortunately, none of these studies are
large enough to do subset analysis.
Since 50% of CF patients are on inhaled steroids and only about 25%
have demonstrated bronchial hyperreactivity, we should be questioning
what we are treating.
Concerning your question about the
risks of airway clearance techniques,
there are a few anecdotal reports of
complications with PEP and with IPV.
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With both of those there have been
rare reports of pneumothorax, but
whether the pneumothorax was related
specifically to the therapy or was spontaneous—which is a known complication of CF—is not completely clear.
The second anecdotal complication,
which has been seen by computed tomography in patients on IPV, is dilation of bronchiectatic airways. Until
controlled studies clarify these potential complications, you have to use
those forms of therapy judiciously. Autogenic drainage, chest physiotherapy,
high-frequency chest compression
(The Vest), and Flutter devices do not
seem to carry those same risks.

life in patients randomized to the exercise group. Only 5 of the 35 individuals randomized to the exercise
group dropped out. The researchers did
not measure if the improved quality
of life corresponded to improved adherence to other CF therapies. Carpal
tunnel syndrome and repetitive motion injury is a definite complication
of chest physiotherapy. Hospital respiratory care directors need to address
whether to change to other techniques,
now that there are equally effective
alternatives such as The Vest and IPV.
Even with younger children, we’re beginning to find alternatives to the classic chest physiotherapy.
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Rotta: In general, CF patients’ airways are colonized with bacteria, and
we recognize the impact of exacerbation of pulmonary infection and the
deterioration of lung function. Can you
comment on what is the state of the
art in early diagnosis of an infectious
exacerbation, so that we can act on it
quickly, particularly in light of the recent literature about chronic lung disease in adults, in which a change in
bacterial profile in the airway signals
an infectious exacerbation?
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Hansell: Are the patients in whom
you’ve initiated this “exercise therapy,” if you will, more likely to also
adhere to their other therapies, such as
taking their drugs at home? We have
a fair number of patients at our institution who come in simply because
they just don’t take care of themselves
while at home. It seems to be more
prevalent in the pre-teen and teenager
group. Also, I’d like to ask about how
you do chest physiotherapy. We have
a clinic on Thursdays, and often after
the clinic we have a substantial number of CF patients who are admitted.
Over the weekend we often have a
fair number of our respiratory therapists who work predominantly in pediatrics starting to complain of repetitive motion injury. A few staff have
needed surgical correction of carpal
tunnel syndrome. A lot of that is attributed to a high volume of CPT. Obviously, these other therapies make
that less likely, but has anyone studied it that that you’re aware of?
Wagener: First, as far as exercise,
there was definite improved quality of

Wagener: Only recently have people begun to do routine monitoring of
airway bacteria. Historically, CF centers have done once-a-year cultures unless the patient was sick. Now that we
see more frequent monitoring for bacteria, 2 questions have arisen; one is
what to do with the results, and the
second is whether this frequent monitoring makes any difference. For example, the Danish Cystic Fibrosis Center has done monthly cultures and they
respond 100% of the time to the result
of those cultures. As a result, they report a persistently high eradication rate
of Pseudomonas.1 I think that in the
future we are going to follow the
course that you mentioned. Bacteria
identification will be early and treatment will start in the presymptomatic
phase. The Cystic Fibrosis Foundation
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in the United States is currently planning a study to look at the question of
treating early Pseudomonas infection.
REFERENCE
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Cheifetz: I want to ask about heliox
[helium-oxygen mixture]. There is a
case report,1 and I am aware of anecdotal evidence, indicating that heliox
might be useful with CF patients suffering severe exacerbation and impending respiratory failure, to help avoid intubation. I acknowledge that the use of
heliox might be simply “buying time”
for more definitive therapies to take effect. Do you know of any more definitive evidence concerning the use of heliox with CF patients, or if you have
had any experience with using it?
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Wagener: Heliox for CF is anecdotally discussed, similar to the question of noninvasive ventilation. I think
it has to be on the list of possible therapies for patients with impending respiratory failure. A second gas to think
about is nitric oxide, which improves
ventilation-perfusion matching and
also may reduce the number of bacteria and alter the inflammation process.1
Thus, there is some interest in using
nitric oxide with CF patients, either
long-term or during acute exacerbations prior to respiratory failure.
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