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Introduction

 Cystic fibrosis (CF) is a multisystem autosomal 

recessive disease, mostly causing thickened 

mucus in the airways. 

 The mucus blocks the airways, creating lung damage 

leading to the lungs death. 

 Lung transplantation (LTx) is offered to people with 

CF (pCF) with advanced lung disease as a potential 

life-improving and life-extending treatment . 



Forced expiratory volume in 1st sec of 
expiration (FEV1)

The FEV1 is the gold standard 
spirometry marker of 
Airway disease progression in pCF

FEV1 is also used to capture 
clinical courses and evaluate 
therapeutic efficacy.



The optimal timing of listing 
for LTx  - Concerning FEV1 

Ratjen F  2003, Elborn JS 2016

A rapid continues decline  >20% in FEV1 
within 12 months (Regardless of FEV1%p) 

FEV1≤ 30 %p [Kerem E 1992] -
based on 2-3yrs of life expectancy.

pCF may live many year thereafter.



The forced vital capacity (FVC) volume starts to decline 

when FEV1 ~60%p (Vilozni  D ,2012 ).  

Diminishing FVC may indicate [Carpio C, 2015) : 

1. Modification of miniature  airways and lung parenchyma 

morphology 

2. Progressive bronchiectasis

3. The presence of dynamic hyperinflation

The  “Forced Vital Capacity” Volume
in CF disease



1. Can FVC %p  predict the need for LTx ?

2. Can the rate of  decline in FVC become risky?

3. Is there a minimum FVC  volume (L) that can 

not be tolerated  by pCF?  



The Forced expiratory volume in 3 
seconds - What does it tell us?

FEV3 volume measurement was established
for people with COPD as a surrogate for FVC, 
if one could not expire more than 3 seconds.



 In healthy people = 90-95%

 In advanced lung disease of COPD =  ~70%

 What would it be in pCF prior to LTx   

FEV3/FVC ratio

The potential use of FEV3 volume or 

FEV3/FVC ratio in pCF - is unexplored



To explore if FVC and FEV3 volumes and their rate of 
decline, as a possible tool for  determining  priority for 
placement on the list for LTx in pCF.  

Study design: Retrospective, longitudinal. 

The ethics committee at Sheba Medical Center approved the study 

(No 6039-19-SMC).  



• Spirometry Inclusion Criteria:  

 Data from LTx-year back to the year prior to    
FEV1 30%p 

 At least  1 - visit/year. 

• Exclusion Criteria:

 Acute exacerbations or hospitalization



Two groups were formed, according to the
survival time (years) after reaching  FEV1 30%p.

Group LGroup-Sh

18 (142)25 (161)N (No tests)

6.8  (3.0 – 12 )1.0  (0.5 – 2.9 )Survival with 

FEV1 ≤30%p (Y)

28  ±626  ±7Age (y) 1st y

34  ±728  ±7Age (y)  Last y

Group-Sh = short survival; Group-L= long survival



Yearly decline in FEV1 %-predicted values 

during the 5-years prior to LTx. (* LTx = year 0)



Results

1st yea r of data collection year of LTx

Group-Sh Group-L Group-Sh Group-L

FEV1 (%p) 46 ± 6 32 ± 3 29 ±7 26 ± 4

FVC  (%p) 58 ±10 56 ±10 44 ±10 37± 10

FEV1/FVC 0.65 ±0.11 0.53 ±0.12 0.57 ±0.10 0.55 ±0.10

FEV3/FVC 0.80 ±0.09 0.78 ±0.07 0.83 ±0.11 0.83 ±0.07

The red numbers differed significantly between group



The rate of decline in FVC

during the 5-years prior to LTx.     



Changes in FEV3/FVC ratio during the 5yrs prior to LTX. 

Odds ratio for the elevation in FEV3/FVC ratio in the last year was 0.7576

There were No Significant Difference in the increase-rate of FEV3/FVC 

ratio between the groups.



• There is A sudden acceleration in the rate of decline in 

FVC values towards FEV3 values.

• These findings appear regardless of FEV1%p or FVC %p values.

• This acceleration may be a point of no return, mandating  

immediate listing for LTx.  

• The study also suggests the role of FEV3 in pCF should be 

further explored. 

The study revealed that ~0.5-1.0 y prior to LTx: 



Additional criteria for listing to LTx are after FEV1 30%p:

1. A sudden acceleration in decline rate of FVC (% former  
year

2. A sharp fall in FVC values towards FEV3,  causing 
elevation in FEV3/FVC ratio - may be a point of no 
return. 

3. The findings may appear, regardless of  FEV1 %p or FVC 
% p values.

4.    The study also implies the need to further explore the 
role of FEV3 in pCF.    



Ashkenazi M, Dagan A, Sarouk I, Bar Aluma BE, Bezalel Y, 
Keler S, Zamir M and  Efrati O 

The Pediatric Pulmonology and National CF Center 

The Edmond and Lily Safra Children's Hospital

Sheba Medical Center, Israel


