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Che cos’ e la spirometria

La spirometria e il piu comune test di funzionalita polmonare

Misura i flussi ed i volumi polmonari in modo rapido, riproducibile, non invasivo

La spirometria consente di diagnosticare molte patologie del sistema
respiratorio (es. asma, BPCO)

Permette di monitorare 'andamento di patologie che interessano I'apparto
respiratorio

Permette di valutare I'efficacia di interventi terapeutici
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Come funziona lo spirometro

Lo "spirometro" e costituito da un misuratore del flusso e del volume di aria
mobilizzata, collegato ad un computer che trasforma il segnale in valori
numerici ed in immagini grafiche.

Il computer calcola i valori spirometrici teorici previsti per il paziente in base ad
eta, sesso, etnia ed altezza e li compara con quelli misurati.




Come si esegue la spirometria? (1)

1. Posizione eretta o seduta. Applicare lo stringinaso
2. Collegarsi al boccaglio sterile e respirare normalmente (« a volume corrente»).
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Come si esegue la spirometria? (2)
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3. Inspirare rapidamente e profondamente, « al massimo» (a capacita polmonare totale)
4. Espirare in maniera forzata ed esplosiva fino al cosiddetto «volume residuo»




Parametri spirometrici

Normalita

Parametro Definizione (% pred.)

Capacita vitale forzata. Volume totale di aria espulsa
FVC durante una espirazione forzata, partendo da una > 80%
inspirazione massimale.

Volume espiratorio forzato al 1° secondo. Volume di
aria espulsa durante il primo secondo di una > 80%
espirazione forzata.

FEV

FEVl/ Indice di Tiffenau. Consente di discriminare tra un

_ 0
FVC deficit ostruttivo ed uno restrittivo > e
Picco espiratorio di flusso. Il piu alto flusso d’aria
PEF espulso di una espirazione forzata partendo da una >80 %
inspirazione massimale
FEF ,. ..  Flusso espiratorio forzato dal 25 al 75% della FVC. > 70%
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Esempi di curve flusso volume

Parametri  Sindrome  Sindrome
ostruttiva  restrittiva

0 FVC N |
FEV, | N

A f FEV./FVC | N4
N ) PEF N N

i ! N

FLUSSO

VOLUME

| NORMALE | LosmRummIVA | | | _
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LUNG CLEARANCE INDEX
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ELSEVIER Joumal of Cystic Fibrosis 13 (2014) 123 138 &
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Review

Lung clearance index: Evidence for use in clinical trials in cystic fibrosis

L. Kent ", P. Reix ©, LA, Tnnes ¢, S. Zielen *, M. Le Bourgeois £, C. Braggion ", 8. Lever ',
H.G.M. Arets ’, K. Brownlee ¥, J.M. Bradley *°, K. Ba]yﬂeld 1 K. O’Neill ™, D. Savi ®, D. Bilton °,
A. Lindblad ?, J.C. Davies "*, I. Sermet #9,

K. De Boeck ¥, On behalf of the European Cystic Fibrosis Society Clinical Trial Network
(ECFS-CTN) Standardisation Committee

Multiple-breath inert gas washout and spirometry
versus structural lung disease in cystic fibrosis

P M Gustafsson,' P A De Jong,>** H A W M Tiddens,” A Lindblad"

Lung Clearance Index and HRCT are complementary
markers of lung abnormalities in young children
with CF

C M Owens," P Aurora,”® S Stanojevic,™* A Bush,” A Wade,” C Oliver,** A Calder,’
J Price.® S B Carr,” A Shankar,® Janet Stocks,” on behalf of the London Cystic
Fibrosis Collaboration

— -

Journal of Cystic Fibrosis %
&% Volume 18, Issue 5, September 2019, Pages 721-727

ELSEVIER

Abnormal preschool Lung Clearance Index (LCI)
reflects clinical status and predicts lower
spirometry later in childhood in cystic fibrosis

K.M. Hardaker 1, H. Panda ® 1, K. Hulme b, A, Wong ®, E. Coward ?, P. Cooper ?, D.A. Fitzgerald > ©, C. Pandit ?, S.

Towns 2, H. Selvadurai * &, P.D. Robinson ¢ & B

Cystic fibrosis

ORIGINAL ARTICLE

Lung clearance index predicts pulmonary
exacerbations in young patients with cystic fibrosis

Francois Vermeulen, Marijke Proesmans, Mieke Boon, Trudy Havermans, Kris De Boeck

An observational study of the lung
clearance index throughout childhood
in cystic fibrosis: early years matter

G. Davies et al. Eur Respir ] 2020; 56: 2000006




Che cos’ e il Lung Clearance Index?

- E’ una misura di funzione polmonare che
consiste nel documentare, durante il
respiro a riposo, come avviene il
«lavaggio» dal polmone di un gas inerte
(es azoto, SF6).

- E’un valore ( un «indice») che corrisponde
al numero di volumi polmonari necessari
ad abbassare la concentrazione del gas fino
a 1/40 della concentrazione iniziale.

- E’ unindice di disomogeneita della
ventilazione polmonare.

Normale se < 8

Cumulative Expired “ olume
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Multiple-Breath Washout as a Lung Function Test in Cystic Fibrosis
A Cystic Fibrosis Foundation Workshop Report

Padmaja Subbarao', Carlos Milla?, Paul Aurora®, Jane C. Davies®, S!ephanleD Davis®, GrahamL I-lallts
Sonya Heltshe’, Phlhpp Latzin®, Anders Lmdblad" Jessica E. Pm:nan , Paul D. Robil g
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Lung Clearance Index come misura di outcome nei TRIAL clinici

Kalydeco in pazienti > 6 anni con FEV1 >90% Kaftrio in bambini 6-11 anni

—&— Placebo 0.6 -
—&— |vacaftor

o
|
[

from Baseline in LCI
S
-9
1

I
[
|

Lung dearance index,
adjusted mean change (95% Cl)

]
(4]
1
Absolute Change
o
=
1

-3 - -3.0 T

; ' ' Baseline Day Week Week Week
Baseline Day 15 Day 29 15 4 12 24

Visit

Davies, et al. Assessment of clinical response to ivacaftor with lung clearance index in cystic fibrosis patients with a G551D-CFTR Zemanick et al. A Phase 3 Open-Label Study of Elexacaftor/Tezacaftor/lvacaftor in Children 6 through 11 Years of
mutation and preserved spirometry: a randomised controlled trial. Lancet Respir Med 2013; 1: 630-38 Age with Cystic Fibrosis and at Least One F508del Allele. Am J Respir Crit Care Med. 2021;203(12):1522-1532.




The Lung Clearance Index in the clinical monitoring of patients with Cystic Fibrosis
Authors: M. De Marchiz', E Montemitro?, L. Cristiand’, B. Giacomodonato’, A G. Fiocchs®
123 Children Hospital of Bambino Gesih, Cystic Pibrosis Center, Rome

Background: m;mmmwmurwammmCmﬂmupﬂm
Pulmanary exacerbations cause logs of resp y i lting In a d in quality of e and,
ulttmasely, mmrmat&'ﬂumcduammhmm Mndmmmwsmnldn*
that can be underlined with HRCT (High Resols G graphy), and it does not monitor the
progression of the disease. ungdammaa)mmmwmwmwmwmxwm
test is an of that mwnhmm-yummmmnm

uwsMnbyaladmmlﬂummwmmFm:: ying small abrway
inhamagenedty. LCI can detect changes in Y early in resp to therapy after an
acute episade of pul Y ery lnlhe‘ there are etheorgenic data regarding LCI before and
after an showing extr y of the absotute value of the LCL

The atm of the study is to consider LCT as the main outcome In
the of the response to antiblotic therapy and also to
identify the clinical response to therapy through the value of the
lung derance index (LCI). [t's important to analize coerelation
between differert respiratory function mdioes
(FEV1, FEF 2575 and LCI) 1o dentify the cne with most
sensitivity.

M, I and Methods: 30 subgcts (M 14 F 29
h,l’m:mpmknd“’)mm
(Puchs's  criteria)

Mmmhmummunmd
Intrawenous antiblotic therapy and at the end of treatment
(of variable duration 14 10 21 days).

Results: FEV1 (pre 7260 post 73.92) LCI (pre 1330 poat 1281) FEF 25.75% (pre 56.64 post 60.45). The variations in
spirometric and LCI values are not statistically significant, and show an improving trend after treatment, due 10 3
positive effoct of drugs on the drainage of bronchdal accretions with a consequent reduction in inflammation of the
small atrways.

SPIROMETRY VALUES
e
\ ' |
4 b
o i

Conclusions: Multiple breath washout 15 a goad tool to evaluate early asscssment of lung damage. LCI has a clinical
impartance to play a role in therap Its rol ina short-term timing still rematns to be explored.
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Lung Clearance Index and Spirometry in Cystic Fibrosis: enemies or friends?

M. De Marchis (PT, MSc), E. Montemitro (MD, PhD), L. Cristiani (MD), B. Giacomodonato (PT), F. Ciciriello (PhD), V. Lucidi (MD), A.G. Fiocchi (MD)

Cystic Fibrosis Unit, Children’s Hospital Bambino Gesu, Rome, Italy

Background: Lung clearance index (LCI) measured by Multiple Breath Washout
is a sensitive measure of ventilation inhomogeneity. Several longitudinal studies
have already suggested that LCI may be a sensitive technique for monitoring the
decline in lung status and the harmful effects of bacterial infection in Cystic Fibro-
sis (Davies JC, Thorax,2008 63:96-97) [1]. It has previously been described as
being more sensitive than spirometry in the early stages of CF lung disease.
Whereas FEV1 in health and early disease mostly reflects proximal airways, LCI
is considered to reflect abnormalities of the smaller airways which are considered
the site of early lung injury in CF (Kraemer R, A4m J Respir Crit Care Med,
2005;171:371-8) [2].

)

u : The aim of this observational study was to

compare LCI and spirometry in consecutive CF patients

(CF diagnosis based on a positive sweat test-chloride >60 mEq/L and/or presence
of two disease-causing mutations regularly followed for chronic disease). This
study was proposed to underline the efficacy of the pulmonary tests as

a personalized therapy tools.

Results: 101 subjects (42 Male) were recruited and 80 tests suitable for analy-
sis. The patients (mean age 13.4 +/-7.3), who had been diagnosed with CF
according to the published Guidelines, were in stable clinical conditions,
without any pulmonary exacerbation and not undergoing antibiotic therapy
(i.v. or oral) in the previous four weeks. The patients also differed for normal/
mild (FEV1 > 70% predicted) and severe (FEV1 < 40% predicted) pulmonary
function. For patients with FEV1 > 70% predicted (59%), LCI-values were
pathological, whereas for who had FEV1 < 40% predicted (9%) LCI-index
was worse. 32% of patients obtained normal LCI values. The highest LCI
measures occurred in adolescence.

Methods: LCI and spirometry were measured at clinic visits. Lung clear-
ance index was measured by performing a Multiple Breath Washout using
Exhalyzer D (Ecomedics) in compliance with the Standard Operating
Procedures (R Jensen). Participants were enrolled if they could complete a
single MBW trial, whereas a MBW test was considered successful if there
were at least two technically acceptable trials. The LCI was repeated in
triplicate according to ERS/ATS standards. Spirometry was performed
according to ATS/ERS guidelines.

Lung clearance index versus FEV1
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Conclusions: The LCI may have a role in the routine clinical care of CF
patients. Altered values of LCI was often not associated with abnormal
values of spirometry, suggesting the prognostic utility of LCI to early
detect of lung damage. If the relationship is valid for them, the question is
still  debatable.

Characteristics Subjects with CF

Sex, M, n (%) 42(41)
Age, median (IQR), yr 13.4 (4.1 10 38.7)
BMI, median (IQR) 18.5(11.2t0 22.8)
CF genotype, n (%)

Homozygous DF508 9(8.9)

Heterozygous DF508 52(51)

Other 38(37)
Microorganisms, n (%)

St. aurcus 42(41.5)

P. seruginosa 39 (38.6)

MRSA 12(11.8)

NT™M 7(6.9)
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Certificate of Qualification

Matteo De Marchis

of

Bambino Gesu Ospedale Pediatrico, Roma, Italy

Is hereby certified competent to perform
multiple breath nitrogen washout in preschool age subjects.

October 4, 2018
Qualification based on performance using Renee Jensen RRT
the Exhalyzer D ® nitrogen washout sys- Respiratory Therapist
tem in adherence with the ATS/ERS CF clinical Research Team
2013 consensus statement ‘The Hospital for Sick Children
and associated standard operating
procedure.
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