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GoalsGoalsGoalsGoals

Basic defectBasic defectBasic defectBasic defect
PathophysiologyPathophysiology
Cli i l i d tCli i l i d tClinical signs and symptomsClinical signs and symptoms
TherapyTherapy



What is Cystic Fibrosis?What is Cystic Fibrosis?What is Cystic Fibrosis?What is Cystic Fibrosis?

Chronic progressive and life limitingChronic progressive and life limitingChronic, progressive and life limiting Chronic, progressive and life limiting 
autosomal recessive genetic disease autosomal recessive genetic disease 
h t i d b h i i th t i d b h i i tcharacterized by chronic respiratory characterized by chronic respiratory 

disease, pancreatic insufficiency, disease, pancreatic insufficiency, 
elevation of sweat electrolytes and elevation of sweat electrolytes and 
male infertilitymale infertilityyy



Clinical PresentationClinical PresentationClinical PresentationClinical Presentation

Chloride channel defect in exocrine glandsChloride channel defect in exocrine glandsChloride channel defect in exocrine glandsChloride channel defect in exocrine glands
Thick secretionsThick secretions
R t iR t iRecurrent pneumoniaRecurrent pneumonia
Pancreatic insufficiencyPancreatic insufficiency
High salt content in sweatHigh salt content in sweat
Male infertilityMale infertilityMale infertilityMale infertility





““Wehe dem Kind, das beim Wehe dem Kind, das beim 
Kuss auf die Stirn salzigKuss auf die Stirn salzigKuss auf die Stirn salzig Kuss auf die Stirn salzig 

schmekt, er ist verhext und schmekt, er ist verhext und 
muss bald sterben”muss bald sterben”

“Woe is the child who tastes salty“Woe is the child who tastes saltyWoe is the child who tastes salty Woe is the child who tastes salty 
from a kiss on the brow,  for he is from a kiss on the brow,  for he is 

d d t di ”d d t di ”cursed , and soon must die”cursed , and soon must die”





Genetics of CFGenetics of CFGenetics of CFGenetics of CF
Most common lethal genetic disease in Most common lethal genetic disease in gg
CausasiansCausasians

30,000 affected individuals in US30,000 affected individuals in US
27 000 in Europe27 000 in Europe27,000 in Europe27,000 in Europe

CFTR CFTR -- cAMP regulated chloride channel cAMP regulated chloride channel 
located in apical membrane of glandular located in apical membrane of glandular 

ith liith liepithelium epithelium 
–– Encodes for a protein of 1480 amino acidsEncodes for a protein of 1480 amino acids
–– Defective ion transportDefective ion transporte ect e o t a spo te ect e o t a spo t
–– Class defectsClass defects
–– Long arm of chromosome #7Long arm of chromosome #7

D508 most common mutationD508 most common mutationD508 most common mutationD508 most common mutation
1000 identified mutations1000 identified mutations



Ion TransportIon Transport





The Cystic Fibrosis AirwayThe Cystic Fibrosis AirwayThe Cystic Fibrosis AirwayThe Cystic Fibrosis Airway
Bacteria
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Molecular Consequences ofMolecular Consequences of
CCCFTR MutationsCFTR Mutations

NormalNormal II IIII IIIIII IVIV VV

NonsenseNonsense MissenseMissense MissenseMissense MissenseMissense MissenseMissense

NoNo
synthesissynthesis

Block inBlock in
processingprocessing

AlteredAltered
conductance conductance 

Block inBlock in
regulation regulation 

ReducedReduced
synthesis synthesis 

NonsenseNonsense
G542XG542X
FrameshiftFrameshift
394delTT394delTT

MissenseMissense MissenseMissense
G551DG551D

MissenseMissense
R117HR117H

AlternativeAlternative
SplicingSplicing

AA deletionAA deletion
ΔΔF508F508

MissenseMissense
A455EA455E

394delTT394delTT
Splice junctionSplice junction
17171717--1G1G––>A>A

SplicingSplicing
3849+10kbC3849+10kbC––>T>T

ΔΔF508F508









The sweat test ( Chloride)The sweat test ( Chloride)( )( )

NormalNormal
Under 40 mEq/LUnder 40 mEq/Lqq

BorderlineBorderline
4040--60 mEq/L60 mEq/L

PositivePositive
Over 60 mEq/LOver 60 mEq/LOver 60 mEq/LOver 60 mEq/L







Airway Mucous Plugging, Airway Mucous Plugging, 
Infection and Inflammation inInfection and Inflammation inInfection, and Inflammation in Infection, and Inflammation in 

Cystic FibrosisCystic Fibrosis

Used with permission – J. Wagener, 2004.



CF Lung: EndCF Lung: End--Stage Stage gg gg
BronchiectasisBronchiectasis
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CFTR d f tCFTR d f t

CF PathophysiologyCF Pathophysiology

Defective ion transportDefective ion transport

CFTR gene defectCFTR gene defect

Defective ion transportDefective ion transport

Airway surface liquid depletionAirway surface liquid depletion

Defective mucociliary clearanceDefective mucociliary clearance

Mucus obstructionMucus obstruction

yy

InflammationInflammationInfectionInfection



AgeAge--Specific Prevalence of Respiratory Specific Prevalence of Respiratory 
Infections in CF Patients 2008Infections in CF Patients 2008Infections in CF Patients, 2008Infections in CF Patients, 2008

HBQ 6/06HBQ 6/06Source: Cystic Fibrosis Foundation Patient Registry, 2008 Annual Data Report



Natural History of Acquisition 
of Pseudomonas aeruginosa

P i t tl

Mucoid P. aeruginosa

of Pseudomonas aeruginosa

Persistently 
Pa + cultures

Birth
1st Pa +  Pa

2nd Pa + 
culture

culture negative 
culture

Ch iI t itt t Chronic 
infection

Intermittent  
infection

EradicationEradication
Pulmonary

Exacerbations Chronic Suppressive Therapy



Evidence of increased Evidence of increased 
inflammation in BALF of infantsinflammation in BALF of infantsinflammation in BALF of infants inflammation in BALF of infants 

with CFwith CF
CF

80

20

25Controls

CF

40

60

% Neutrophils 15

20

IL-8 (ng/ml)

20

40

5

10

(n = 23) (n = 27) (n = 23) (n = 28)
Uninfected Infected Uninfected Infected

0 0

Adapted from Muhlebach et al. Am J Respir Crit Care Med 1999; 160: 186-191.



CF Lung FunctionCF Lung FunctionCF Lung FunctionCF Lung Function



PresentationPresentation
(CF PANCREAS)(CF PANCREAS)(CF PANCREAS)(CF PANCREAS)

CC Chronic respiratory diseaseChronic respiratory diseaseCC Chronic respiratory diseaseChronic respiratory disease
FF Failure to thriveFailure to thrive
PP PolypsPolypsP P PolypsPolyps
A A Alkalosis, metabolicAlkalosis, metabolic
NN Neonatal intestinal obstructionNeonatal intestinal obstructionN N Neonatal intestinal obstructionNeonatal intestinal obstruction
CC Clubbing of fingersClubbing of fingers
RR Rectal prolapseRectal prolapseRR Rectal prolapseRectal prolapse
E E Electrolyte Electrolyte in sweatin sweat
AA Aspermia / absent vas deferensAspermia / absent vas deferensAA Aspermia / absent vas deferensAspermia / absent vas deferens
SS Sputum Sputum –– S.aureus/P.aeruginosaS.aureus/P.aeruginosa



Signs and Symptoms of Signs and Symptoms of 
Pulmonary ExacerbationPulmonary Exacerbation

Increased coughIncreased cough New chest findingsNew chest findingsIncreased coughIncreased cough
Increased sputumIncreased sputum
Weight lossWeight loss

New chest findingsNew chest findings
–– rales, wheezesrales, wheezes

Decreased exerciseDecreased exerciseWeight lossWeight loss
School/work School/work 
absenteeismabsenteeism

Decreased exercise Decreased exercise 
tolerancetolerance
Decreased FEV1Decreased FEV1absenteeismabsenteeism

Increased dyspneaIncreased dyspnea –– down 10%down 10%
New radiographic New radiographic g pg p
findingsfindings



CF mild disease:CF mild disease: CF advanced disease: withCF mild disease: CF mild disease: 
hyperinflation, increased hyperinflation, increased 
markings markings 

CF advanced disease: with 
bronchiectasis



HighHigh--Resolution Inspiratory and Resolution Inspiratory and 
Expiratory CT Scan in 12 year oldExpiratory CT Scan in 12 year old

Used with permission - C. Milla, 2004.





CF: Pulmonary ComplicationsCF: Pulmonary ComplicationsCF: Pulmonary ComplicationsCF: Pulmonary Complications



Hypertrophic osteoarthropathyHypertrophic osteoarthropathyHypertrophic osteoarthropathyHypertrophic osteoarthropathy

ClubbingClubbingClubbingClubbing
PeriostialPeriostial new bone formationnew bone formation
P lif ti f ki d ti tP lif ti f ki d ti tProliferation of skin and osseous tissue at Proliferation of skin and osseous tissue at 
distal parts of extremitiesdistal parts of extremities



Exacerbations Contribute to the Exacerbations Contribute to the 
Deterioration of Lung FunctionDeterioration of Lung Function
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Used with permission from P. Flume.



CF: Respiratory managementCF: Respiratory managementCF: Respiratory managementCF: Respiratory management

Regular visits to CF CenterRegular visits to CF CenterRegular visits to CF CenterRegular visits to CF Center
Airway clearanceAirway clearance
M thi (DNM thi (DNMucus thinners (DNase, Mucus thinners (DNase, 
hypertonic saline)hypertonic saline)
Antibiotics( POAntibiotics( PO--IVIV--Aerosol)Aerosol)
Anti inflammatory agentsAnti inflammatory agentsAnti inflammatory agentsAnti inflammatory agents



Airway ClearanceAirway ClearanceAirway ClearanceAirway Clearance

CPTCPTCPTCPT
VestVest
FlutterFlutter
ACBACB



Airway ClearanceAirway ClearanceAirway ClearanceAirway Clearance
Chest Physical therapyChest Physical therapy
Vest Vest –– mechanical percussionmechanical percussion
Flutter, Acapella Flutter, Acapella 
Breathing techniques : ACBBreathing techniques : ACB
ExerciseExercise



Mucolytic agentsMucolytic agentsMucolytic agentsMucolytic agents

Recombinant DNaseRecombinant DNaseRecombinant DNaseRecombinant DNase
Hypertonic salineHypertonic saline



Treating Airway infectionsTreating Airway infectionsTreating Airway infectionsTreating Airway infections

Prophylactic treatmentProphylactic treatmentProphylactic treatmentProphylactic treatment
–– prevent colonizationprevent colonization

ExacerbationsExacerbationsExacerbationsExacerbations
–– improves lung functionimproves lung function

ff–– reduces inflammationreduces inflammation
–– decreases bacterial densitydecreases bacterial density

First isolatesFirst isolates
–– may delay colonizationmay delay colonization



AntibioticsAntibioticsAntibioticsAntibiotics

OralOralOralOral
IVIV
A li dA li dAerosolizedAerosolized
Special Considerations:Special Considerations:
–– Volume of distributionVolume of distribution
–– SensitivitiesSensitivities
–– Drug InteractionsDrug Interactions
–– Side effectsSide effects



Phase 3 TSI Trial: Phase 3 TSI Trial: 
Mean Relative Change in FEVMean Relative Change in FEV % Predicted% PredictedMean Relative Change in FEVMean Relative Change in FEV11 % Predicted% Predicted
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AntiAnti--inflammatory Rxinflammatory RxAntiAnti inflammatory Rxinflammatory Rx

SteroidsSteroids ISSUESSteroidsSteroids
–– inhaled v oralinhaled v oral

IbuprofenIbuprofen
SafetySafety
AdherenceAdherence

ISSUES

IbuprofenIbuprofen
MacrolidesMacrolides

AdherenceAdherence
? Delay in ? Delay in 
progression of theprogression of theprogression of the progression of the 
diseasedisease



Relative Change in FEV1 % Predicted
D 168 T t t Eff t
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CF PFT’sCF PFT’sCF PFT sCF PFT s



CF: Gastrointestinal DiseaseCF: Gastrointestinal DiseaseCF: Gastrointestinal DiseaseCF: Gastrointestinal Disease

Pancreatic insufficiency/malabsorptionPancreatic insufficiency/malabsorptionPancreatic insufficiency/malabsorptionPancreatic insufficiency/malabsorption
LipoLipo--soluble vitamin deficiency (ADEK)soluble vitamin deficiency (ADEK)
F il t th iF il t th i h t i i dh t i i dFailure to thrive Failure to thrive -- hypoproteinemia and hypoproteinemia and 
edemaedema
Neonatal intestinal obstruction (15%)Neonatal intestinal obstruction (15%)
Recurrent distal intestinal obstructionRecurrent distal intestinal obstruction
Biliary stasis Biliary stasis -- portal hypertension 2portal hypertension 2--5% 5% 
ptsptsptspts





CF: PancreasCF: Pancreas--
malabsorptionmalabsorptionmalabsorptionmalabsorption



Median Predicted Survival Age, 1985-2005
(with 95 percent confidence bounds)
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Newborn screeningNewborn screeningNewborn screeningNewborn screening
20092009-- all States in US & EUall States in US & EU
AdvantagesAdvantages
–– Early diagnosis and interventionEarly diagnosis and intervention
–– Genetic screeningGenetic screening
–– Improved nutritionImproved nutrition

RisksRisksRisksRisks
–– False resultsFalse results
–– Cost and anxietyCost and anxietyCost and anxietyCost and anxiety
–– CFMACFMA

ModelsModels
–– IRT/IRTIRT/IRT
–– IRT/DNAIRT/DNA



SUMMARYSUMMARYSUMMARYSUMMARY

Need to understand the pathophysiologyNeed to understand the pathophysiologyNeed to understand the pathophysiology Need to understand the pathophysiology 
of CF lung disease in young patientsof CF lung disease in young patients
Need to understand the risk/benefit ratio ofNeed to understand the risk/benefit ratio ofNeed to understand the risk/benefit ratio of Need to understand the risk/benefit ratio of 
new treatmentsnew treatments
AdhAdhAdherenceAdherence
Window of opportunityWindow of opportunity
Changing landscapeChanging landscape



Pediatric AsthmaPediatric AsthmaPediatric AsthmaPediatric Asthma

Reversible airway obstructionReversible airway obstructionReversible airway obstructionReversible airway obstruction
Triggers: allergies, weather changes, Triggers: allergies, weather changes, 
exercise environmental triggersexercise environmental triggersexercise, environmental triggersexercise, environmental triggers
Cough, wheeze, shortness of breathCough, wheeze, shortness of breath
Lower airway obstructionLower airway obstruction



BronchiolitisBronchiolitisBronchiolitisBronchiolitis

RSVRSVRSVRSV
Mucous plugging secondary to airway Mucous plugging secondary to airway 
debridebridebridebri
Minimal reversibilityMinimal reversibility
Obstructive patternObstructive pattern




