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Morbidity and mortality in CF

• CF life expectancy and quality of life has tremendously 

improved the lasts decades, mainly due to 

– better understanding of the disease

– introduction of new treatments such as CFTR modulators

– advent of universal newborn screening

• However, lung disease continues to be the most important 

cause of morbidity and mortality in CF 

• The focus of disease management has turned toward primary 

prevention- arresting disease progression and treatment 

before significant symptoms and deterioration have occurred 

2Courtney, Ped Pulmonol 2007;  Dodge, Eur Respir J 2007; Aurora, AJRCCM 2011; Accurso, Pediatr Pulmonol 1997



Forced expiratory volume in one second 

(FEV1) % predicted

• Is commonly considered the most sensitive method to 

predict severity and outcome of CF lung disease

• It is usually used to:

– monitor lung function

– describe disease progression

– evaluate response to therapies in clinical trials

– decide when to refer patients for lung transplantation 

Corey, J Pediatr 1997; Tiddens, Ped Pulmonol 2002; de Jong, Radiology 2004; Kerem, N Engl J Med 1992



However, FEV1…

• It was previously shown that it is relatively insensitive to detect 

the onset and early progression of lung disease in CF 

• Most of the centers worldwide continue to use FEV1 as a 

predictor of disease severity and lung progression

• Additionally, clinical studies are still using FEV1 as a primary 

endpoint; when the results show that most of the patients with 

normal FEV1 still have progressive lung disease

Tiddens, Ped Pulmonol 2002; de Jong, Radiology 2004



FEV1 and lung clearance index (LCI)

• Studies suggested that FEV1 has a low 

sensitivity to detect early structural changes

• LCI can be abnormal in preschool children 

with mild lung disease as determined by 

FEV1

Tiddens, Curr Opinion Pulm Med 2006; de Jong,Thorax 2006 ; Gustafsson, ERJ 2003; Aurora, Thorax 2004;  Aurora, Am J 

Respir Crit Care Med 2005; Stanojevic, AJRCCM 2017



11/22 CF children (50%) had an FEV1 z-score within the normal range, however, 

only 1/22 (5%) had a normal LCI

The relationship between LCI and FEV1

Control (n=33)

CF (n=22)

Age: 6-16 yrs.

Aurora, Thorax 2004



Relationships between LCI, and FEV 0.5 z-score in 

control and CF children

Healthy children (n=37) mean age of 4.2 yrs.

CF children (n=40) mean age of 4.1 yrs.

LCI detects abnormal lung function in CF children more readily spirometry

Aurora, Am J Respir Crit Care Med 2005



LCI vs. FEV1 % predicted for adult healthy volunteers 

and CF patients

Horsley, Thorax 2008

LCI is raised in adults with CF with normal spirometry



High resolution computed tomography (HRCT)

• Is the gold standard for detecting 

bronchiectasis, the most important 

component of CF lung disease

• It was shown than HRCT is more 

sensitive than spirometry in 

monitoring CF lung disease

• Substantial structural lung damage 

was present on HRCT scans even 

in children who had lung function 

within the normal range

Tiddens, Current Opinion Pulm Med 2006; de Jong, Eur Respir J 2004

19 y.o female CF Patient

FEV1% predicted 92



Owens, Thorax 2011

74% of children had abnormal results from both CT and LCI, whereas an 

abnormal FEV1 (<1.96 z-scores) was only found in 32% of those with abnormal CT



Relationship between LCI and individual elements of 

the CT score

Owens, Thorax 2011

LCI was significantly related to all individual elements (except the parenchyma score)



• LCI results in 2007 correlated with CT Bhalla-score in 2010 while FEV1 did not

• Extended structural changes are unlikely if a normal LCI is measured

• Therefore, chest CT may not be necessary in the presence of a normal LCI

Fuchs, Respiratory Medicine 2014

36 CF patients (6-53 years)

Mean FEV1 80% predicted in 2007

Spirometry, LCI and HRCT were done in 2007-2010

*A score of 25 points corresponds to a normal lung. The lower limit of normal was defined as 24/25 points

A normal LCI was

associated with no 

or minor changes 

(22 out of 25 

points) on CT



Ventilation MRI slices from four separate CF subjects

N=14 CF children (median age 10.2), stable

2ND Visit- 1.3-2 yrs. later

Smith, AJRCCM 2017

MRI

A-B: widespread ventilatory defects

C-D: localized ventilatory defects



Pulmonary exacerbations (PEx)

• Can lead to lung function decline and deterioration in CF patients 

• Exacerbations in the first 2 years of life are associated with lower 

FEV1 values at age 5

• Decline in FEV1 was greater in patients with more frequent PEx 

(treated with oral Abx) 

• Some authors did not find an association between PEx frequency 

and lower FEV1 and FVC values in infants and young children 

Sanders, Ped. Pulm. 2011; Byrnes, Thorax 2013; VanDevanter, JCF 2013; Stanojevic, Thorax 2016; Hoppe, Pulm Med 2017 



Study selection and eligible studies that investigated the effects of IV Abx 

for PEx using MBW as an outcome in CF patients

Sonneveld, Eur Respir J 2015



Sonneveld, Eur Respir J 2015

• Upon admission-

LCI median (range): 13.7 units (7.7–21.7 units)

FEV1 median range): 55.7% predicted (17.9–105.4% predicted)

• Treatment duration-14 days (8–31 days)



Univariate predictors of LCI and FEV1 change following 

2 weeks of IV Abx treatment

Sonneveld, Eur Respir J 2015



Changes in LCI vs. FEV1 
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• LCI decreases significantly in patients treated for a PEx

regardless of whether the methodology used (SF6- or N2)

• The overall effect size was smaller for LCI than for FEV1, and 

there was discordance between FEV1 and LCI

• Interestingly, we observed that higher LCI was associated with 

larger relative improvement, which would go against the 

hypothesis that LCI may be less suitable in more severe disease

Sonneveld, Eur Respir J 2015



FEV1 in CF patients with or without chronic bacterial 

colonization

** p<0.01

*** p<0.001

Gustafsson, Eur Respir J 2003



PFT’s compared by presence of current pseudomonas infection 

for children with CF

Aurora, Am J Respir Crit Care Med 2005

*p<0.05

CF children infected with Ps. aeruginosa had significantly higher LCI, but 

no significant difference in other lung function measures, when compared 

with non-infected children 



LCI detect differences in severity of lung disease in CF 

children

Control: n= 47

CF-Psa-: n= 31

CF-Psa+: n=20

Stahl, Am J Respir Crit Care Med 2017

**P<0.01; ***P<0.001.



Patients with CF and 

“normal” pulmonary function

…not so “mild” disease



The significance of the FEV1 value

• Severity of lung disease is commonly classified according to FEV1%: 

– mild- FEV1 ≥70% predicted

– moderate- FEV1 between 70-40% predicted

– severe- FEV1 <40% predicted

• “Normal” FEV1 is considered above 80%

• When FEV1 is normal (≥ 80% pred.), it can erroneously be interpreted 

that “lungs are normal” and free of lung disease, which may affect the 

type of the recommended therapy and the adherence to it

23



Aim of our Study

To investigate disease severity in patients with “normal” FEV1

(≥80%) according to demographic and clinical parameters:

 CFTR mutations

 Age

 Gender

 Pancreatic status (PI/PS)

 CF-related diabetes (Y/N)

 BMI

 LCI

 HRCT- Brody’s score

 6MWD (6-minute walk distance)

 Sputum cultures

 Number and type of pulmonary exacerbations (PEx) 1 year before

 Number of days of antibiotic (Abx) treatment 1 year before



Methods

Data from patients with CF 

• ≥6 years

• FEV1 ≥80% predicted

• Clinically stable, with no PEx in the previous 4 weeks 

were recruited from two CF Centers

• Hadassah Medical Center, Jerusalem, Israel

• Vall d’Hebron Hospital, Barcelona, Spain



Clinical and demographic characteristics of the patients

CF patients

(n=88)

Age (years) 16.3 ± 8.0 (6.0-42.5)

Females (%) 40 (45)

BMI percentile 57.2 ± 27.45 (4.1-98.9)

CFTR Genotype (%)

2 class I-III mutations 62 (70)

1 or 2 class IV-V mutations 24 (27)

1 unknown mutation 2 (3)

P. aeruginosa infection 30 (28)

Pancreatic insufficiency 61 (69)

CF related diabetes 11 (13)

FEV1, % pred. 97 ± 12

FEF25-75%, % pred. 83 ± 30

LCI 10.15 ± 2.5

LCI z-score 7.2 ± 4.1

6MWD (m) 562 ± 95

6MWD z-score -1.9 ± 1.4

26

Modified Brody score

Bronchiectasis subscore 6.2 ± 8.4

Mucous plugging subscore 4.1 ± 4.4

Peribronchial thickening subscore 7.6 ± 7.7

Parenchyma subscore 0.8 ± 1.5

Air trapping subscore 5.0 ± 4.7

Total Brody score 22.9 ± 21.0

PEx in the previous year

Minor )1.0± 1.0 (0-5

Major 0.3 ± 0.6 (0-2)

Abx Tx days in the previous year 

PO 25.8 ± 29.3 (0-168)

IV 7.1 ± 15.3 (0-112)



Correlation between FEV1 and LCI scores

From 147 FEV1 “normal” tests (≥80 % pred.), 82% (121/147) LCI were “abnormal”

N= 147 FEV1 and LCI, at the same day



Correlation between Total Brody score (TBS) and FEV1

and TBS and LCI 
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r=-0.33; p<0.001 

r=0.78; p<0.001



Correlations with other clinical parameters

Pseudomonas infection:

• No significant correlation between FEV1 and chronic Pseudomonas 

aeruginosa infection was found in our patients (p=0.08)

• However, a  significant association between LCI and chronic Pseudomonas 

aeruginosa infection was found (p=0.01)

Pulmonary exacerbations:

• We found a correlation between both FEV1 and LCI and 

– ≥2 severe PEx

– ≥28 days of IV antibiotic treatment

• No association was found between FEV1 and LCI with mild PEx
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Correlations between FEV1 and LCI and 

other clinical parameters were evaluated

 CFTR mutations

 Age

 Gender

 Pancreatic status (PI/PS)

 CF-related diabetes 

 BMI

No correlations were found



Take home message

• Most of the CF patients with “normal” FEV1 have 

already suffer from lung disease

• In mild disease, LCI is much more associated 

with clinical parameters than FEV1 

• Remember!

“Normal” FEV1 does not mean “normal” lungs….



Acknowledgments

CF team at the 

Hadassah Medical Center 

Jerusalem, Israel

CF team at the 

Vall d’Hebron Hospital

Barcelona, Spain



LCI is a repeatable and highly sensitive measure of lung function in BE, particularly in 

those with preserved spirometric lung function

Rowan, Am J Respir Crit Care Med 2014

Adults with bronchiectasis (BE) FEV1 mean 75%

Most common etiologies: idiopathic (43.3%) and postinfectious (38.3%)


