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INTRODUCTION AND GOALS

Cystic fibrosis (CF) is the most common lethal autosomal recessive disorder in
people of European decent. Though survival with CF has improved dramatically
over the last several decades, the majority of patients still die before the age of
40, with chronic lung infection and progressive respiratory failure accounting for
over 95% of that mortality. The following material should help you to:

* Understand the molecular defect in CF and how it leads to organ
dysfunction.

* Recognize the systemic nature of CF and the common organ-specific
manifestations of the disease.

* Describe the pulmonary pathophysiology of bronchiectasis and its effect
on lung function.

* Know the basic interventions for CF-related lung disease, including both
chronic therapies designed to maintain lung function and therapies
directed at acute exacerbations.

DEFINITION AND DIAGNOSIS

Cystic fibrosis (CF) is a multi-system disease caused by the loss of function of
the cystic fibrosis transmembrane regulator (CFTR), a chloride channel that
controls both chloride and sodium transport from a variety of cell types and
tissues. The primary clinical manifestation of CF is recurrent pulmonary
infections, progressing to chronic airway infection and bronchiectasis. CF affects
a variety of the epithelial cells of other organs as well, including the exocrine
pancreas, Gl tract, biliary system and also causes recurrent sinusitis and male
infertility.

CF follows an autosomal recessive pattern of inheritance and the gene coding for
CFTR was identified in 1989 on the long arm of the 7th chromosome. While one
mutation resulting from the deletion of three base pairs (DF508) accounts for
approximately 70% of all CF alleles, there are over 1500 other mutant alleles
associated with the disease, no one of which is found on > 2% of CF
chromosomes.

The diagnosis of CF is usually made based on a clinical presentation consistent
with the disease, most commonly recurrent sino-pulmonary infections and
malabsorption. An elevated sweat chloride measurement (>60mEq/L) is
confirmative. Currently, more than half of the states in the U.S. are screening all
children at birth for CF prior to the development of any symptoms. Some CF
gene mutations are associated with milder disease, often with pancreatic
sufficiency, and borderline or normal sweat chloride measurement, making
diagnosis more difficult. Genetic testing may also confirm a diagnosis of CF if
two mutations associated with the disease are identified. Most commercially
available tests, however, only screen for a few dozen specific CF mutations,
meaning these tests cannot discriminate between a normal gene and a rare
mutation. Full sequencing of the CFTR gene is available for an individual who is
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suspected to have CF but has a non-diagnostic sweat chloride measurement. but
However, genetic sequencing remains expensive and slow. Nasal potential
difference testing directly examines nasal epithelial chloride and sodium channel
function, which allows for the detection of functioning CFTR. This test is helpful
for confirming a diagnosis in an atypical patient as well as for assessing the
efficacy of therapies designed to produce functional CFTR in individuals with CF
(e.g., gene therapy) but the technique is only available in 10 U.S, medical centers
(including the UW).

INCIDENCE AND EPIDEMIOLOGY

A mutation on the CFTR gene is carried by about one in 25 people of European
descent, with the disease occurring in about 1 in 2,500 Caucasian live births.
The disease is less prevalent in other populations, with an incidence of 1:17,000
in African-Americans and 1:90,000 in Asians.

The high carrier rate in Europeans and their descendents has led to speculation
that the carrier state may have provided some survival advantage in those
populations. Murine models suggest that the carrier state of CF is associated
with decreased loss of electrolytes and fluid in secretory diarrhea, leading to the
hypothesis that single mutations in a CFTR gene provided a survival advantage
during epidemics of cholera and other infectious dysenteries.

Currently in the U.S., median survival for CF is 37 years and about 40% of
individuals with CF are over the age of 18. Long-term prognosis is most closely
related to the degree of pulmonary dysfunction, though nutritional status and
other organ involvement also contribute. The vast majority of CF is diagnosed
prior to the age of two, but new diagnoses have been made in individuals as old
as 70.

PATHOPHYSIOLOGY

The CF gene encodes for the cystic fibrosis transmembrane conductance
regulator (CFTR), a membrane glycoprotein that is a chloride channel that
controls both chloride and sodium transport. Normally, CFTR can be found in the
epithelial cells of the lung, sinuses, pancreas, liver, reproductive track and sweat
glands. This chloride ion channel, normally present on the apical membrane of
epithelial cells, is either absent in CF or does not open under appropriate stimuli.

The pathophysiological mechanism by which these ion channel defects leads to
organ disease is incompletely understood. In the lung, the leading hypothesis is
that decreased sodium efflux from the respiratory epithelium leads to poor
hydration of the periciliary fluid layer, subsequently causing significant
impairment in mucociliary clearance and leading to inflammation and infection.
The manifestations of CF in other organs are also thought to be due to inspisated
secretions interfering with normal ductal function or development in the pancreas,
liver and male reproductive tract.

CLINICAL FEATURES

Pulmonary Manifestations

Histologically, the lung is normal at birth, but disease can progress rapidly
causing bronchiolitis and bronchitis with some degree of bronchiectasis usually
demonstrated by 6-24 months.  Bronchiectasis describes thickening and
distortion of the airway walls, resulting from chronic inflammation and leading to
worsening of the already abnormal airway clearance in this disease. Although the
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severity of pathologic changes often varies greatly within each lobe or segment,
the upper lobes tend to be the earliest and most severely affected. As lung
disease progresses, initially air trapping is seen (increased RV/TLC), later airflow
obstruction predominates (decreased FEV4, FEF25.75 and peak flow) and finally
a combined pattern of restriction (decreased TLC) and obstruction is seen. With
disease progression, arterial blood gases show widening of the A-a difference
due to low V/Q areas. The presence of CO2 retention is an ominous sign, with a
PCO» greater than 50 mmHg predicting a two year mortality of approximately
50%. Ultimately, over 95% of CF patients die from respiratory failure.

Radiographically, overinflation, peribronchial cuffing, and small infiltrates (mucus
plugging) are early findings on chest imaging. With disease progression,
bronchiectasis and diffuse fibrosis, most marked in the upper lobes, with scarring
and upward retraction of the hila develops. Pneumothorax, pneumomediastinum,
lobar and segmental atelectasis, pleural fluid, and large cysts/blebs particularly in
the apices can be present. Hilar and mediastinal adenopathy secondary to
chronic infection and enlargement of the pulmonary arteries are present later in
the disease course.

Infection: Global T-cell and B-cell function, complement and phagocytosis are
normal in CF, yet chronic infection of the airways occurs almost universally in
these patients. Infection is predominantly caused by S. aureus, H. influenza and
P. Aeruginosa, with Pseudomonas eventually becoming the dominant organism
in at least 90% of CF patients. Bronchiectasis develops after prolonged
inflammation and infection, causing a chronic cough productive of purulent
sputum. Colonization with non-tuberculous mycobacteria has been reported in
up to 20% of patients with CF, but rarely does it cause invasive disease.
Aspergillus, usually A. fumigatus, is recovered from 40% of adult CF respiratory
secretions, but the syndrome of allergic bronchopulmonary aspergillosis occurs
in only 2-5% of patients with CF. Invasive aspergillosis has been reported in CF,
but is quite rare.

Acute exacerbation: The precise definition of an acute exacerbation is complex
in that it is a combination of multiple symptoms and signs including a 10% fall in
FEV1, 5% decrease in oxygen saturation , CXR infiltrate, hemoptysis, increased
work of breathing, change in lung exam, loss of 5% body weight, increased
cough, decreased exercise tolerance, increased chest congestion or change in
sputum. Fever and leukocytosis may be seen, but are not required for the
diagnosis. Common respiratory viruses, including RSV, influenza and measles,
can be associated with pulmonary exacerbations. Frequent or severe
exacerbations are related to a more precipitous decline in lung function. In
individuals with advanced lung disease and poor reserve, an exacerbation may
be a terminal event.

Hemoptysis: Blood streaking of the sputum is very common in patients over 10
years of age and significant hemoptysis occurs in up to 10% of adults,
sometimes leading to death. Massive hemoptysis is due to bleeding from the
bronchial circulation which becomes hypertrophied with the chronic airway
infection. Massive hemoptysis may be controlled with bed rest, cough
suppressants and antibiotics, however, radiologically directed embolization of the
bronchial arteries may be required for persistent, recurrent or life-threatening
bleeding.

Pneumothorax: Pneumothorax occurs in 8-23% of older CF patients with more
severe pulmonary disease. The incidence in males and females is equal and is
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as common on the right as the left. As there is a 50-70% chance of recurrence
with pneumothoraces, obliteration of the pleural space (pleurodesis) is the
treatment of choice, but may complicate subsequent lung transplantation.

Cor Pulmonale: Secondary pulmonary hypertension occurs late in the course of
disease with a mean survival of eight months once right heart failure develops.

Clubbing and hypertrophic osteoarthropathy: Clubbing of the fingers and the
toes is eventually a universal finding in patients with CF-related pulmonary
disease, but the severity is variable. Hypertrophic osteoarthropathy is
occasionally seen in older patients.

EXTRA-PULMONARY MANIFESTATIONS
Sinus disease

The pathophysiology of sinus disease is similar to pulmonary disease.
Opacification of all of the paranasal sinuses is present on sinus films in 90-100%
of patients, but acute symptoms of sinusitis are far less common. Nasal polyposis
is found in up to 30% of patients, especially in the pediatric age group.
Treatment is with antibiotics, nasal irrigation and nasal steroids, and, if
necessary, surgical drainage.

Pancreatic and Other Gastrointestinal disease

Exocrine pancreatic insufficiency: 85% of CF patients have exocrine
pancreatic insufficiency and failure to thrive is a common presenting symptom of
the disease. Exocrine pancreatic insufficiency primarily results in inability to
absorb fats. The diagnosis of pancreatic dysfunction is made by clinical
symptoms of malabsorption associated with steatorrhea and low serum levels of
fat-soluble vitamins (A,D,E and K). Confirmation can be made by measuring
fecal fat or testing stool for the presence of elastase, a pancreatic enzyme that
will be lacking in individuals with CF.

Pancreatitis: Acute pancreatitis occurs in up to 10% of patients. The incidence
of idiopathic pancreatitis is also significantly elevated in carriers of CF. Acute
pancreatitis may manifest in individuals with CF who are pancreatic sufficient.

Diabetes mellitus: CF-related diabetes mellitus increases in frequency with
increasing age. The clinical course and metabolic patterns seen with CF is
distinct from type 1 or type 2 diabetes, with abnormalities in both insulin
production and insulin response. Glucose intolerance occurs in up to 75% of
adult CF patients, and insulin-requiring diabetes mellitus in up to 25% of adults,
contributing to malnutrition in this population.

Meconium ileus / Distal intestinal obstructive syndrome: Meconium ileus
(meconium plugging the lumen of the small intestine, usually near the ileocecal
valve) is present at birth in up to 10% of CF neonates. When it occurs, it should
always prompt diagnostic testing for CF. Older children and adults with CF may
develop bowel obstruction as well, termed distal intestinal obstructive syndrome
(DIOS) due to inspissated luminal contents, also usually at the ileocecal junction.
The etiology is multi-factorial, involving more viscous intestinal mucoproteins and
slow intestinal transit, but incidence appears increased with dehydration, narcotic
use and non-compliance with pancreatic enzymes.

Gastr oesophageal reflux has increased incidence in CF.
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Peptic Ulceration: Peptic ulcers are found in up to 13% of CF patients. The
increased incidence of peptic ulcer disease is related to the decreased pH of the
lumenal contents secondary to decreased pancreatic bicarbonate secretion.

Crohn's disease and bowel strictures: For unknown reasons, the incidence of
Crohns disease is higher than the general population and high-dose enteric
coated pancreatic enzymes appear to be associated with non-granulomatous
bowel strictures in children with CF.

Intussusception / Rectal prolapse: Intussusception occurs in 1% of pediatric
CF patients and rectal prolapse is seen in up to 20% of pediatric patients aged 6-
36 months.

Malignancy: The rate of gastrointestinal cancer is increased in CF, but the
disease is still rare and routine screening is not recommended.

Hepatobiliary disease: Hepatomegaly or splenomegaly (or both) is found in
1-5% of CF patients. Multilobular cirrhosis, and eventual portal hypertension,
may be due to thickened secretions in the bile ductules with plugging, ductular
proliferation, inflammation and fibrosis. The epidemiology of hepatic disease is
unusual, in that the incidence appears to peak in childhood with development of
new hepatic dysfunction being unusual in adults.

Reproductive tract

Men with CF have obstructive azospermia in 98-99% of cases due to absence or
atresia of some or all of the derivatives of the embryonic wolffian duct: the vas
deferens, seminal vesicles, and body and tail of the epididymus. Testicular
histology is normal and active spermatogenesis occurs, albeit with an increase in
abnormal and immature forms. Microscopic epididymal sperm aspiration (MESA)
combined with intra-cytoplastic sperm injection (ICSI) offers CF men the
opportunity to father their own genetic children.

Women with CF have anatomically normal reproductive tracts and there is no
evidence that fertility is decreased. Pregnancy does not appear to adversely
affect long-term prognosis in women with CF.

Children of a parent with CF will all be obligate carriers of the disease. If the
other parent is a carrier, the risk of their child being affected with CF
(homozygous) is 50%. Genetic testing for carrier state of the partner is
recommended prior to pregnancy.

TREATMENT

Advances in the care of patients with CF have resulted in a dramatic and
continuing improvement in survival. Careful attention to minimizing the effects of
inflammation and infection in the lung and to nutritional issues have resulted in
incremental improvements in survival and quality of life.

Lung disease

Much like asthma, CF can be considered an inflammatory disease of the airways,
with distinct treatment modalities aimed at controlling the disease and others
focused on treating acute exacerbations.
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Controlling Interventions

The mainstay of chronic therapy for pulmonary disease in CF has been airway
clearance, aimed at removing inflammatory secretions and slowing the
development of bronchiectasis. Postural drainage (usually accompanied by
percussion), deep breathing exercises, and various coughing techniques and
breathing devices as well as exercise have all been used to enhance airway
clearance. With no clear "optimal" method, airway clearance is tailored to the
individual patient based on perceived effectiveness and compliance with therapy.

Additional therapies designed to reduce inflammation and improve airway
clearance have been demonstrated to either improve pulmonary function and/or
decrease the rate of exacerbation. These include:

Azithromycin: Although an antibiotic, this agent is thought to work primarily as
an anti-inflammatory in CF. Chronic daily or thrice weekly therapy decreases the
number of exacerbations and modestly improves lung function.

Recombinant (human) DNAse: Much of the viscosity of airway secretions in CF
relates to the high concentration of free DNA released by lysed neutorphils.
rhDNAse delivered via nebulizer thins airway secretions in CF and slightly
improves lung function and decreases exacerbations.

Hypertonic saline: The inhalation of hyperosmotic saline via nebulizer is
postulated to pull water into the airway, returning the periciliary mucus layer to a
more normal depth and allowing increased ciliary function and improved innate
airway clearance.

Inhaled anti-pseudomonal antibiotics: Inhaled tobramycin has been shown to
be effective for both chronic suppressive therapy, decreasing the frequency of
exacerbations and reducing the need for intravenous antibiotics.

Treatment of Exacerbations

Pulmonary exacerbations are treated with antibiotics and increasing the
frequency of airway clearance maneuvers. Antibiotics are chosen based upon
sputum culture sensitivities. As pseudomonas is often resistant to variety of
antibiotics, with resistance in individual patients increasing over time, intravenous
antibiotics are often required. Usual therapy involves the use of at least two
antibiotics active against patient isolates given for at least two weeks duration.
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