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ABSTRACT 
CF is a polymorphic disease whose evolution is marked by pulmonary pathology. Distal obstruction, demon-
strated anatomopathological, can be evidenced by spirometry, which can only be used in certain age groups. 
Early detection of obstruction with appropriate therapy is essential to prolong the life expectancy of these pa-
tients. A promising parameter has been described relatively recently, lung clearance index obtained by the 
multiple wash-out technique. Several studies have demonstrated its efficacy and correlation with pulmonary 
morphological changes, pointing out that LCI is a feasible and specific parameter to detect small-age lung 
changes in the CF patient. In conclusion, lung clearance index is a specific parameter for the detection of cystic 
fibrosis pneumopathy and is currently the standard way to monitor CF pneumopathy, and in future to be used 
in the current practice of CF centers. 
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Introduction

Cystic fibrosis (CF), clinically characterized by 
impressive clinical signs with pulmonary and gas-
trointestinal symptomatology, is the most common 
monogenic disease in the Caucasian population(1). 
Although the life expectancy of CF patients has in-
creased in recent years, the mortality rate is almost 
constant, mainly due to the progressive degradation 
of pulmonary function (1,2). Although the molecu-
lar basis of this disease (the CFTR gene) is cur-
rently known, researches conducted so far had not 
found effective curative therapy, prognosis and dis-
ease progression being dictated by lung status (2).

Mutations of transmembrane cystic fibrosis con-
ductance regulatory gene (CFTR) cause decreased 
water volume and increased mucus viscosity by 
poorly delivering Cl- and HCO3.(2) Mucus stagna-
tion is a favorable environment for development of 
viral and bacterial infections, chronic progressive 

inflammation, bronchiectasis’s occurrence and 
lung’s function alteration (2,3).

Lung disease in cystic fibrosis

There are still many debates about when and 
how the first pulmonary changes occur, especially 
because of the heterogeneous nature of lung dam-
age in this population. Animal models suggest that 
structural abnormalities of CF can occur in utero 
(1). It can be argued that the disease starts from the 
moment of conception when the sperm fertilizes 
the ovum to create an embryo with two pathologi-
cal CFTR mutations (2).

Pulmonary function assessment is an essential 
part of clinical care for detecting changes in the 
lung and establishing appropriate treatment (1,2), 
because the lung disease is the most influent feature 
for the global CF outcome (1). 
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Obstruction of the airway is progressive, as 
demonstrated by spirometry, but pulmonary func-
tion can be preserved in normal parameters, both 
during childhood and adulthood (3,4) by address-
ing multidisciplinary care and early structural 
changes detection.

Functional assessment of lung status is not rep-
resentative for structural or anatomical damage of 
the lung. There is strong evidence that the progres-
sion of bronchiectasis may not be detected by spi-
rometry for many years (5), whereas 30% of CF 
patients with normal spirometry already have struc-
tural damage to high resolution computed tomogra-
phy (HRCT) (6,7).

Lung clearance index

Multiple pulmonary functional tests for awake 
children with pre-school age have been proposed. 
These include: standard spirometry, forced oscil-
lometry, plethysmography air flow resistance, re-
sidual functional capacity by gas dilution tech-
niques and gas mixture index (8).

In cystic fibrosis patients, lung clearance index 
(LCI) is currently used in specialized centers, a pa-
rameter that reflects the degree of homogeneity of 
the lung and is measured by the multiple breath 
wash-out technique with gas mixing (N2, O2, H2) 
(7,8,9).

Recent studies have shown that LCI is a feasible 
and specific parameter to detect lung changes in 
pre-school, scholar and adult patients with CF. It is 
easier to achieve, even in younger children who do 
not cooperate performing spirometry as it is deter-
mined during tidal breath (7,9).

Pathological processes that affect the peripheral 
airway will cause an increase in pulmonary diffu-
sion heterogeneity (8). Ventilation’s inequality af-
fects the overall efficiency of gas mixing at lung 
level and can be measured by monitoring the wash-
out of a control gas during tidal breathing. In a path-
ological process, this elimination process will have a 
longer duration, requiring more breathing (9).

Any wash-out gas test has a dispersion phase 
and a gas removal phase (7). In the case of extrinsic 
inert gases or non-residual pulmonary gases, dur-
ing the dispersion phase, the marker gas is distrib-
uted at a known concentration (10). The dispersion 
process is completed when the concentration of the 
wash-out gas reaches the concentration of the dis-
persed gas. In the case of intrinsic inert gases, there 

is no dispersion phase and only a few tidal breaths 
are required to ensure that the nitrogen concentra-
tion (N2) is stable (80%) (11).

Lung clearance index is a parameter that is ob-
tained during the wash-out phase. In this phase, the 
subject inspires a gas that does not contain the 
marker gas (room air for hexafluoride sulfide, 100% 
O2 for N2) (10). The marker gas should be inert 
and not be absorbed or excreted in the body. With 
each successive respiration of washing, a decrease 
in the maximum expired marker concentration is 
recorded (7,9,11). 

LCI has a numerical value that represents the 
number of tidal washing / breathing required to re-
move an amount of N2 up to the acceptable limit 
value(). The higher the degree of lung damage and 
the longer period the patient requires to reach the 
minimum level of acceptable N2 concentration, the 
higher LCI (8,9).

LCI decreases during the infancy and the first 
childhood, then continues to maintain constantly 
until adulthood and increases slightly in old age 
(10). LCI value does not change with patient’s 
height and is not dependent on patient’s sex, which 
is particularly important in longitudinal studies in 
children (8).

Currently, LCI’s determination is a technique 
performed in a few specialized centers and is often 
used for scientific purposes (11).

Advantages and disadvantages 

LCI’s sensitivity to pulmonary disease in CF 
may reveal the underlying lung pathology, like 
small airway inflammation and obstruction (9), 
which is important in early detection of small’s air-
way lesions and can be used for establishing a rela-
tion between the morphological lung disease and 
its functionality (12). Because does not necessitate 
a special breathing pattern like spirometry, being 
performed during normal tidal breathing, the lung 
clearance index is the ideal test for children due to 
relatively simple technique, requiring only tidal 
breathing, which can also be performed by infants 
(13,14). It does not require cooperation or sedation 
and can be performed in children from 0 to 18 years 
of age, like many studies showed (9,13).

Although LCI’s increased sensitivity makes it a 
useful test for diagnosing early lung lesions, LCI 
does not provide important information for patients 
with severe obstructive lesions (8). LCI’s determi-
nation is the only way to assess lung function in 
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infants and small children, with a good sensitivity 
and specificity for cystic fibrosis’s pneumopathy 
(9,10,11).

Lung clearance index in clinical 
practice 

Numerous studies have demonstrated the utility 
of LCI in detecting impaired’s lung function (14), 
more easily than spirometry in pre - school and 
school - aged (15) children also in older patients 
(16). A study performed on 142 patients with CF, 
based on lung function assessment in Sweden, 
showed that LCI’s value is the first to change be-
fore FEF50% and FVC, and FEV1 is the last param-
eter modified (17). Moreover, the same study high-
lighted the continued growth of LCI, along with 
pulmonary hyperinflation and “captive” air vol-
ume, after the age of 12, when the FEV1’s Z score 
stays constant.

LCI has also been reported in studies involving 
all age groups, from infants (14) to adults (13,18), 
making it particularly suited to long-term studies. 
Cystic fibrosis has an increased need for selecting 
sensitive and repeatable tests for therapeutic inter-
ventions (19); LCI has been proposed as an index 
to be followed in future studies on gene therapy in 
cystic fibrosis (20).

It has been used in two clinical trials to examine 
the clinical response to intravenous antibiotic ther-
apy in children with CF, during acute pulmonary 
exacerbations (18), being a useful and accurate pa-
rameter for evaluation of the outcome (22). Studies 
revealed a very good correlation between the venti-
lator inhomogeneity and length of the respiration 
expressed by LCI and the cough index and noctur-

nal saturation (23), showing that longer the time 
necessary for the N2 washout, the more pronounced 
was the cough episodes and night desaturation. For 
a correct determination of reliable LCI , two techni-
cally acceptable N2 MBW might be necessary in 
school children for the evaluation of the ventilation, 
although is time consuming and longer (24) in order 
to achieve a good reliability and sensitivity (25).

Conclusions 

In conclusion, lung clearance index is a specific 
parameter for the detection of early lung disease in 
cystic fibrosis, as well as for monitoring the pulmo-
nary disease`s outcome, representing currently the 
standard parameter for monitoring pulmonary 
function in children with cystic fibrosis; as primary 
finding of pulmonary changes, followed by inten-
sive and appropriated care will prolong the CF chil-
dren life hope. LCI is nowadays mainly used in 
specialized CF centers, in our country at the Na-
tional Cystic Fibrosis Centre Timisoara for 3 years 
and will be widely requested as a gold standard to 
be used in the current practice of CF specialized 
centers in near future. Lung clearance index is the 
standard parameter in CF lung research and its clin-
ical utility has been clearly proven and sustained by 
multiple studies, achieving a goal of decades, who 
asked for a consistent, reproducible and correct 
endpoint indicative of cystic fibrosis prognosis. 
LCI has been advocate for various respiratory pa-
thologies which implies small airways and its fu-
ture and current use includes asthma, recurrent 
wheeze, primary ciliary dyskinesia therefore is ex-
pectation for a commonly forthcoming routine. 
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