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Case Presentation: Cystic Fibrosis

Dr. H.  Vallance

This male infant was born at 34 weeks gestation to healthy parents: mother P0G1, 22 years old; father 23 years old.  The pregnancy was complicated by per vaginal bleeding throughout.  Labour lasted 4 hours and the birth weight was 1.4 kg.  From birth, the infant had jaundice, vomiting and diarrhea.  He was kept in an isolette for 5 weeks before discharge.

At 6 weeks of age, Prosobee was started.  At 7 weeks of age, he developed conjunctivitis, with tearing and Asticky@ eyelids, a clear nasal discharge and a dry cough accompanied by some stridor.  Since the development of these symptoms, he had no diarrhea or vomiting.  At 8 weeks of age, he was seen in the hospital outpatient clinic because of respiratory symptoms.  He was treated with antibiotics and cough syrup and a return visit was requested.  At 9 weeks of age, he developed acute respiratory distress, became cyanotic and could not be roused from sleep.  En route to hospital, he suffered a respiratory arrest.  He was resuscitated by ambulance personnel and transferred to Children=s Hospital.

On admission examination, he was cyanosed, small for age and well hydrated.  He had flared nares, intercostal indrawing and a respiratory rate of 60/min.  There were diffuse bilateral rhonchi and left posterior inspiratory rales.  The abdomen was soft and the liver palpable 1 cm. Below the costal margin.  A poorly defined mass was present in the left inguinal region.

Admission laboratory results included:

Na+:
128 mmol/L;
Cl-:
84 mmol/L;

K+:
4.1 mmol/L;

BUN:
5.0 mmol/L;
Glucose:
4.61 mmol/L;
CSF Glucose:
5.16 mmol/L;

Protein:
40 g/L;
Hemoglobin:
82 g/L;

Hematocrit:
0.258 L/L;

WBC:
35.4 x 109/L;
Platelets:
568 x 109/L;


pH:
7.2;

PCO2:
72 mmHg.

Three days after admission, a grade II/VI systolic murmur was noted along the left sternal border.  This was thought due to patency of the ductus arteriosus.  The infant was no in heart failure, but was stated on digoxin therapy.  His respiratory distress persisted and he had abundant rales in his left chest and right lung base.  On 65% oxygen, his respiratory rate was 50 to 60/min., and blood gases were:

pH:
7.27;
PCO2:
73 mmHg;

PO2:
100 mmHg;

Anion Gap:
28 mmol/L;
HCO3-:
32 mmol/L;

TCO2:
   34 mmol/L.

The infant was paralysed, intubated and mechanically ventilated.  Copious thick mucus was suctioned from his airways.  He was treated with Cloxacillin.  Four days after admission, he developed edema of his feet, that rapidly progressed to become generalized, requiring treatment with Lasix.  The differential diagnosis continued to include bronchiolitis and pneumonia.

The infant was weaned from the ventilator on the 7th hospital day.  Air entry was fair and his colour was pink, but wheezing and rales persisted.  He improved over the next few days, however, his respiratory rate remained about 60/min., and he had an overinflated chest.  Sweat chlorides were 10 mmol/L.  Antibiotics were stopped 10 days after admission.

Nineteen days after admission, the possibility of tracheoesophageal fistula was considered.  A bronchoscopy was performed, 3 weeks after admission and this revealed subglottic stenosis and collapse of the right lung upper lobe, but no fistula.  Thick mucus was suctioned from the bronchi.  It was now believed that the infant=s entire illness was most likely due to aspiration.  His respiratory problems worsened, a chest X-ray showed further collapse of his right lung and he was transferred back to the Intensive Care Unit.

In the ICU, he developed diarrhea, lasting several days, thought due to Keflex antibiotic treatment.  The antibiotic was changed to erythromycin.  It was now the opinion that his problem was acute obstructive airway disease, possibly due to adenovirus infection with bronchiolitis.  Investigation of his immune function was undertaken:

Quantitative Immunoglobulins:

Initial results
IgA:
0.35 g/L;
IgM:
0.61 g/L;
IgG:
2.70 g/L;

2 weeks later
IgA:
0.34 g/L;
IgM:
0.98 g/L;
IgG:
1.65 g/L.

Anemia was identified, thought due to Aprematurity@, and treated with Fer-in-Sol.  A second bronchoscopy was performed, 4 weeks after admission and thick mucus was again suctioned.  Following bronchoscopy, the child became increasingly distressed.  His respiratory rate ranged from 120/min down to 80/min.  He had episodes of acute respiratory arrest, associated with acidosis and bradycardia.  Five weeks after admission, he had to be re-intubated and placed on mechanical ventilation.  His lung compliance became very poor and he produced thick, green sputum.  Blood gases analysed at this time revealed:

pH:
6.9;
PCO2:
129 mmHg;
PO2:
113 mmHg;

Anion Gap:
2.4 mmol/L.

Ampicillin and Kanamycin were added to his antibiotic treatment.  Over the next several days, attempts to wean the child from the ventilator were unsuccessful.  At the beginning of the 6th week following admission, he became mottled and had peripheral cyanosis.  Coarse crepitations were present on chest auscultation.  In spite of therapy, his cyanosis worsened.  He deteriorated, developing arrhythmias and bradycardia.  He died, 6 weeks after admission at 15 weeks of age.
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Cystic Fibrosis
Originally described by Anderson (1938) and Farber (1944).

Classic Triad
Chronic pulmonary disease, pancreatic insufficiency, elevated sweat electrolytes.

Two Basic Abnormalities
1.
AMucus secretion@ abnormality  - thick, tenacious, stringy mucus obstructs drainage systems, causing dilatation, atrophy and infection (also called mucoviscidosis).

2.
Electrolyte defect in sweat glands  - elevation of sweat chloride and sodium (also potassium);  may get massive salt depletion, cardiovascular collapse.

Pathology

hyperviscous mucus    blockage of exocrine ducts
Pancreas
-
Earliest lesion is focal inspissation of eosinophilic material in acini and ductules, with flattening of epithelium.

More material is retained, ducts dilate  - acini atrophy, fibrosis, fat replacement.  Inflammation is not prominent.

Intestines
-
Meconium ileus; congenital perforation.

Salivary glands
-
Similar progression as in pancreas.

Liver

-
Focal biliary cirrhosis.

Lungs

-
Bronchiolitis, pneumonia, bronchiectasis, abscesses.

Cardiovascular
-
Cor pulmonale, secondary to lung disease.

Genital tract
-
Sterility in males, reduced fertility in females.

Nose and Sinuses
-
Polyps.

Malabsorption
-
Lack of vitamin E:   ceroid deposition, neuraxonal swelling;

Lack of vitamin D:  rickets;

Lack of vitamin K:   hemorrhage.

Pathophysiology of lung disease:

Important function of the airway epithelium is mucocilliary clearance.

There are 3 components:

1.
Cilia propel mucus up the airway;

2.
Submucosal glands produce mucus to Atrap@ particulate matter, including infectious particles;

3.
Transepithelial electrolyte transport controls quantity and composition of respiratory tract fluid and may contribute to hydration of mucus.

In CF airways, the primary abnormality in electrolyte transport alters the quantity of respiratory tract fluid.  This alters the properties of the mucus and impairs the mucociliary defence system.

Inheritance
The most common lethal genetic disease in Caucasians.

Autosomal recessive  -  
Caucasians: 1:1500 - 1:2500 (carrier rate 4-5%)

American Blacks:    1:17,000

Orientals:    1:90,000

Basic Defect
The cystic fibrosis gene was isolated in 1989.  It is on the long arm of chromosome 7 (band q31).  The gene product is the Acystic fibrosis transmembrane conductance regulator@ (CFTR).  It is a cell membrane protein involved in Cl- transport - probably a structural component of the chloride channel pore.  In 70% of cystic fibrosis patients, CFTR lacks a single phenylalanine at an ATP binding site - the F508 mutation (there are over 400 other mutations).

Laboratory Diagnosis

Sweat testing


continues to be the best diagnostic test for CF

pilocarpine iontophoresis method

[Cl-] > 60 mmol/L is "diagnostic"

limitations: 
often insufficient amounts of sweat < 3 months of age

requires technical expertise


Serum Immunoreactive trypsin (IRT)

usually elevated in first year of life

not a diagnostic test

DNA tests


Indications:

To determine the genotype of proband 

Offered to CF families for:

Carrier testing

Prenatal diagnosis

Types of mutations:

508 mutation accounts for 70% of mutant chromosomes

0.7 X 0.7 = 49% of patients are homozygous for this mutation

> 400 other mutations have been described

most DNA labs run a panel of 10 - 15 CF mutations

Treatment
Physiotherapy
-
Most important for chronic lung problems;

Enzyme Replacement
-
Replacement of pancreatic digestive enzymes;

Antibiotics
-
Treatment of recurrent respiratory tract infections;

Genetic counselling
-
Parents of affected child - Children of affected person;

Heart/Lung Transplant
-
ADefinitive@ treatment of chronic lung and cardiac disease;

Gene Replacement
-
Target organ is the respiratory epithelium - still an experimental procedure.
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