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Introduction
Cystic fibrosis (CF) is a progressive, hereditary, autosomal 

recessive disorder that is more common among Caucasians [1-3]. It 
was first described by Dorothy H. Andersen in 1938 as “cystic fibrosis 
of the pancreas” to classify exocrine pancreatic destruction. In 1953, 
Di Sant’Agnese demonstrated that these patients lose excessive salt in 
their sweat, leading to adoption of electrolytic methods for diagnosis 
of the disease [1].

Cystic fibrosis is associated with pancreatic failure and progressive 
lung disease, due to a defect that compromises the CFTR gene, resulting 
in an increase of the viscosity of glandular secretions and reduced 
mucociliary clearance, which deregulates the lungs’ innate defenses, 
causing persistent respiratory infections, which result in progressive 
decline in pulmonary function and premature death [1,3-6].

Early diagnosis of the disease contributes to interventions designed 
to prevent or improve pulmonary exacerbation, but the progressive 
nature of CF and the side effects of treatment can have negative impacts 
on all aspects of life [7,8].

Pathophysiology of the Pulmonary Component of 
Cystic Fibrosis

Lung disease in CF is caused by a lack of, or a defect in, the 
CFTR gene, which causes an ionic cell disorder. There is a reduction 
in secretion of chloride via the defective channel, associated with 
exaggerated resorption of sodium and, secondary to this, of water into 
the cell interior, causing an ionic imbalance in the cell which results 
in dehydration of the mucus, causing increased viscosity and reduced 
mucociliary activity, provoking the emergence of secondary infections 
and inflammation [1,9].

Some studies have suggested that changes to the salt concentration 
in bronchial mucosa cause inhibition of the activity of respiratory 
tract defensins (antibacterial peptides), reducing resistance to bacterial 
pathogens [1,10].

Bacterial colonization secondary to retention of secretions 
(primarily by Pseudomonas and Staphylococcus) makes metaplasia 
of the bronchial epithelium more likely, with mucoid impaction and 
disorganization of the cilia structure. Mucosal plugs then appear in 
the bronchi and bronchioles, with acute and chronic lymphocytic 
infiltration [11].

The presence of thick secretions that become infected leads to 
obstruction of the small airways and triggers a chronic inflammatory 
process. The inflammation, which is already present in the anatomically 
normal lungs of newborn infants, leads to formation of bronchiectasis 
and pulmonary damage [12,13]. A study by Sly et al. demonstrated that 
elevated activity of neutrophils in the lungs of 3-month-old children 
with cystic fibrosis was responsible for the presence of bronchiectasis, 
suggesting that treatments to inhibit the activity of these cells could 
delay the emergence of this pulmonary abnormality [13].
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Diagnosis of Cystic Fibrosis
Diagnosis of CF is based on the presence of one or more phenotypical 

characteristics, on a positive family history or on a positive neonatal 
screening test, combined with evidence of abnormalities in the CFTR 
gene. The phenotypical characteristics most commonly associated 
with CF are related to the pulmonary disease (recurrent infections 
by pathogens that are typical of CF; chronic coughing and sputum 
production; abnormal chest x-ray findings; airway obstructions; 
nasal polyps, chronic sinusitis and nail clubbing), gastrointestinal 
abnormalities (meconium ileus; steatorrhea; rectal prolapse; pancreatic 
failure with consequent development of diabetes mellitus; recurrent 
pancreatitis), nutritional disorders (failure to thrive/inadequate 
development; protein-energy malnutrition; hypoproteinemia and 
edema), salt loss syndromes (acute salt depletion and chronic metabolic 
alkalosis), male infertility (obstructive azoospermia) and reduced 
female fertility [1,3,11].

In clinical practice, the gold standard for diagnosis of CF is the 
sweat test. The test consists of quantitative determination of chlorides 
in sweat, obtained by iontophoresis with pilocarpine [1,14]. The 
minimum quantity of sweat is 100 mg and the result is positive when 
the chloride concentration in the sample is greater than 60 mEq/l. Two 
positive tests confirm a diagnosis of CF. Normal levels can be as high as 
40 mEq/l; values from 40 to 60 mEq/l are considered inconclusive and 
indicate that the test should be repeated [1,11,14].

Another method of diagnosis is by identification of two known 
CF mutations. Analysis of these mutations offers high specificity, but 
low sensitivity, because more than 1300 mutations have so far been 
identified and, in clinical practice, available tests are restricted to a 
small number of the most frequent mutations [11,15,16].

The lifespans of patients with CF can be extended by using the most 
recent antibiotics, lung transplantation and the possibility of successful 
gene therapy [17].

Respiratory Manifestations of Cystic Fibrosis
The most common respiratory manifestation is chronic coughing, 

which may occur during the first weeks of life. The majority of 
the patients exhibit productive coughing with abundant and thick 
pulmonary secretions that are difficult to eliminate [18].
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The most important functional disorders in CF are obstruction 
of airflow, air entrapment and inadequate ventilation. As these 
manifestations progress, they are predominantly characterized by 
obstructive ventilatory disorders. It is only in the final phases of the 
disease that a restrictive component caused by pulmonary fibrosis 
emerges [11].

In order to classify the functional severity of CF lung disease, it is 
necessary to conduct a spirometry test and, depending on the forced 
expiratory volume in 1 second, patients’ cases will be defined as mild 
if percentage forced expiratory volume in 1 second (%FEV1) >80; 
moderate if %FEV1 is 60 to 80; severe when %FEV1 is 40-60 and very 
severe when %FEV1 is <40 [1].

As the lung disease progresses, a large percentage of patients will 
develop pulmonary hypertension (PH) and hypertrophy of the right 
ventricle (cor pulmonale). Among the factors that cause PH in these 
patients, are destruction of large portions of the pulmonary capillary 
bed and remodeling of the walls of the small arteries, with increased 
pulmonary vascular resistance. Cor pulmonale manifests in advanced 
stages of the lung disease and its appearance is associated with severe 
hypoxemia or an inadequate ventilation-perfusion ratio [4,19,20].

In addition, some studies have found a relationship between FEV1 
and the presence of HP, and this can be considered as a predictor of 
pulmonary artery systolic pressure (PASP) [21,22].

Pulmonary Hypertension in Cystic Fibrosis
Pulmonary hypertension is characterized by a chronic increase 

in pulmonary artery pressure, overloading the right ventricle with 
hypertrophy and dilation of the right ventricle, which can progress to 
heart failure [23].

Development of PH among people with CF varies according 
to age and the severity of the disease; chronic alveolar hypoxia, 
in hypoventilated areas, leads to reflexive vasoconstriction in the 
pulmonary arterial bed, significantly contributing to increased PASP 
[20,23-25]. With the prolonged hypoxic state, the pulmonary circulation 
undergoes structural changes known as remodeling, i.e., there is 
hypertrophy and hyperplasia of the tunica media of the arterial vessels, 
and muscularization of the pulmonary arterioles. This mechanism 
triggers increased peripheral vascular resistance and consequent PH. 
Chronic inflammation of the airways and air entrapment, both of which 
are present in CF, can also lead to pulmonary vascular remodeling and 
cause PH [25].

Recent studies have investigated right ventricle function in 
patients with CF. Studies have demonstrated that the transmembrane 
conductance of the CFTR gene intervenes in regulation of contraction 
of cardiomyocytes by means of maintenance of a resting potential of 
the membrane, preventing an intracellular calcium overload, which 
could lead to myocardial hypercontraction. As such, the CFTR gene in 
the myocardium protects against necrotic myocardial injury induced 
by ischemia. Therefore, in patients with CF regulation of the activity of 
the myocardium, which should be reduced by the CFTR gene, does not 
take place, explaining the right ventricle dysfunction and development 
of disproportional elevation of pulmonary artery blood pressure in 
some individuals [25,26]. 

Clinical evidence of PH in patients with CF is an indicator of 
worse prognosis and is associated with progression of the lung disease 
[20]. Therefore, periodic tests should be performed to control the PH 
progression in these patients [4,11].

Diagnosis of Pulmonary Hypertension
Pulmonary Hypertension is characterized by pulmonary artery 

pressure that is disproportionately high for the level of pulmonary 
blood flow. The variables that control pulmonary artery pressure are 
cardiac output and pulmonary vascular resistance [4,27].

Mean pulmonary artery pressure (MPAP) greater than 25 mm 
Hg at rest or 30 mm Hg during exercise is sufficient to diagnose PH. 
Pressure is measured by cardiac catheterization, which is the gold 
standard for diagnosis of PH, or noninvasively using echocardiogram 
with Doppler [4,24,27,28]. 

Doppler echocardiogram is the most sensitive noninvasive method 
for investigation of PH. This method can be used to estimate PASP 
by determination of the tricuspid regurgitation velocity during right 
ventricular systole (in the absence of pulmonary stenosis, systolic 
pressure of the right ventricle, the primary estimate, is virtually identical 
to PASP) [4,24]. The doppler echocardiogram is method used to screen 
patients with PAH [29]. Studies demonstrate that PASP estimated 
by echocardiogram is positively correlated with MPAP measured 
invasively, with values equal to or greater than 35 mm Hg. Therefore, 
the Doppler echocardiography should be adopted as an important 
measure in monitoring the PSAP in patients with CF, given that HP 
is a poor prognostic factor and difficult to diagnose in the FC [4,22].

Classification of Pulmonary Hypertension
Pulmonary Hypertension may have silent onset as a consequence 

of systemic diseases, heart diseases, diseases of the pulmonary 
parenchyma or abnormalities of the pulmonary vasculature [24,25].

The 5th World Symposium on PH was held in 2013 in France and 
resulted in a revised classification. The classification identifies five 
groups of diseases, as follows: pulmonary arterial hypertension, PH due 
to left heart disease, PH due to lung diseases and/or hypoxemia, chronic 
thromboembolic PH, PH with unclear multifactorial mechanisms [30].

In CF, PH is considered an essentially hypoxic mechanism, with 
complementary participation of structural changes to the pulmonary 
parenchyma caused by progression of the underlying disease [31]. 
Additionally, obstruction of airflow and wide variations in intrathoracic 
pressure can increase venous return to the right side of the heart, 
resulting in increased pulmonary artery flow and exacerbation of the 
already elevated overload on the right ventricle [25].

With the objective of characterizing the impact of PH on daily 
activities, conducting follow-up, intervening therapeutically and 
providing orientation with regards to prognosis, the New York Heart 
Association (NYHA) functional classification of PH, as modified by the 
World Health Organization [WHO), has been adopted, as follows [28]:

Class I: Without limitation of physical activity. Ordinary physical 
activity does not cause undue dyspnea or fatigue, chest pain, or near 
syncope.

Class II: Slight limitation of physical activity. These patients 
are comfortable at rest, but ordinary physical activity causes undue 
dyspnea or fatigue, chest pain, or near syncope.

Class III: Marked limitation of physical activity. These patients 
are comfortable at rest, but less than ordinary activity causes undue 
dyspnea or fatigue, chest pain, or near syncope.

Class IV: Inability to carry out any physical activity without 
symptoms. These patients manifest signs of right-heart failure. Dyspnea 
and/or fatigue may even be present at rest and discomfort is increased 
by any physical activity.
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Notwithstanding, some authors consider the material subjective 
because of the varying symptoms exhibited by these patients [28,32].

Drug Treatments for Pulmonary Hypertension
Drug treatments for PH are intended to avoid vascular remodeling 

and aid in vasodilation and three main classes of pharmaceuticals are 
used for this: Group 1 comprises endothelin receptor antagonists; 
Group 2 drugs are phosphodiesterase type 5 inhibitors (iF5), such as 
sildenafil, which prolong the vasodilator effects of nitric oxide; and 
group 3 medications are prostacyclins, which induce vasodilation of the 
pulmonary vasculature. Two new classes of drugs have demonstrated 
satisfactory results for treatment of PH: soluble guanylate cyclase 
stimulators, which provoke relaxation of the vascular smooth muscle, 
and prostacyclin analogs, which induce arterial vasodilation. The 
primary focus of studies of these treatments has been on improving 
the capacity to exercise, by analyzing increases in the distance covered 
in the 6 minute walk test (6MWT), which is a very widely used and 
inexpensive instrument for assessing progression of functional status 
in PH [33]. The medications for PH do not serve to treat patients with 
FC [34].

The monotherapy treatment with sildenafil can reduce pulmonary 
vascular resistance and improve exercise tolerance in patients with 
PH [35,36]. The study of Montgomery used for two weeks sildenafil 
in patients with CF and PH and found significant improvement in 
pulmonary hemodynamics and functional capacity by increasing the 
distance of the 6MWT [35]. 

Taylor-Cousar et al.[36] evaluated the pharmacokinetics, 
tolerability, and safety of sildenafil in subjects with CF. The conclusions 
that Sildenafil administration was safe in subjects with CF and 
decreased sputum elastase activity. 

Galiè et al.[37], conducted a clinical trial comparing the combined 
use of sildenafil and riociguat at HP. The study did not show favorable 
results, and the individuals who used the combination of the two drugs 
showed hypotension and death, moreover, there was no improvement 
in exercise tolerance and pulmonary hemodynamics. 

Assessment of Functional Status
The assessment of functional status in patients with pulmonary 

involvement is important to assess the severity of the disease, exercise 
tolerance and the benefits obtained with the treatment because the role 
of drug treatment at HP is to preserve the functional status of patients. 
The tests used to assess exercise capacity in these patients are the 
6MWT and cardiopulmonary exercise test (CPET) [33,38].

The 6MWT is a submaximal test of effort that is controlled, is easy 
to administer and is rapid, and in which the result of the test is the 
total distance covered. The results are predictive of survival in PH and 
are negatively correlated with NYHA functional class. The Borg scale is 
administered during the 6MWT - a subjective assessment of perceived 
dyspnea and fatigue in the patient’s lower extremities [21,38,39].

Some authors have demonstrated that people with CF-related PH 
who walk less than 332 meters during the 6MWT exhibit a higher 
mortality rate, demonstrating that presence of PH characterizes greater 
severity of CF and implies lower tolerance of exercise [40].

In contrast, the CPET is a maximal effort test, conducted on a 
treadmill or cycloergometer, making it possible to measure ventilation 
and gaseous exchange during exercise, providing values for maximum 
oxygen uptake (VO2max). Patients with PH exhibit low VO2max and low 
work rate [38].

Rovedder et al. [21], assessed the functional capacity of patients 
with CF through the 6MWT and found no significant difference in 
the distance traveled by individuals with and without HP. However, 
lung function, represented by FEV1 and the forced vital capacity 
(FVC), showed a significant difference between patients with HP, 
demonstrating that the presence of PH in CF is related to severity of 
lung disease. In the same study, it was shown that poor clinical scores 
are correlated with larger diameters of the right ventricle, with the 
longest acceleration of systolic flow lung-artery right ventricle and with 
higher values of the PSAP.

Exercise in Patients with Cystic Fibrosis and in 
Pulmonary Hypertension

Patients with CF frequently exhibit progressive limitations to 
physical exercise and reductions in activities of daily living. The 
primary causes of exercise intolerance are associated with a reduction 
in ventilatory capacity and reserve, loss of peripheral skeletal muscle 
mass and reduction in cardiovascular function. The limiting symptoms 
exhibited by patients with CF during exercise include fatigue, dyspnea, 
bronchospasm, ventilatory limitations and cardiac dysfunction [41].

In patients with chronic lung disease, physical limitations can 
also be associated with right ventricle dysfunction. Meerkerk et 
al. demonstrated that presence of PH in patients with CF made a 
significant contribution to worse clinical and functional scores, such as 
a shorter distance covered in the 6MWT [4].

In CF, as in other lung diseases, desaturation is accentuated during 
exercise. Episodes of hypoxemia and hypercapnia can occur during 
periods of physiological stress, primarily during exercise. It has been 
suggested that hypoxemia and moderate hypercapnia affect these 
patients during exercise because of limitation to expiratory flow and 
insufficient ventilation [4]. Study that investigated prevalence of HP 
in adult CF patients demonstrated an inverse correlation between the 
PSAP and the oxygen saturation (SpO2) at rest and after the 6MWT. 
The SpO2 at rest was the best predictor of HP in these individuals 
[21]. Adult patients with advanced lung disease and PH may exhibit 
significant increases in MPAP in response to exercise, which is a 
common response that can compromise the functional capacity of 
these patients. Notwithstanding, the previous criterion for avoiding 
exercise (increase in MPAP to >30 mm Hg) was excluded from the 
most recent definition of PH, and the parameters level of activity and 
patient age are now preferred [25].

Conclusion
PAH in patients with cystic fibrosis is associated with age, disease 

severity, increased risk of mortality and reduced exercise tolerance. 
The evaluation of the functional status of the patient is important 
to encourage the holding of regular exercise under professional 
supervision. Furthermore, there is a need for improved monitoring of 
drug therapy HP set to prevent the progression of clinical symptoms, 
improve the functional capacity and quality of life for patients.
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