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Sweat test – gold standard?
Badanie chlorków w pocie – �]�á�R�W�\���V�W�D�Q�G�D�U�G�"

���Ì�]�����]���]�����}�Œ�}�‘�o�]�W
do 40 mmol/l

Norma

�E�}�Á�}�Œ�}���l�]���]���v�]���u�}�Á�o�'�š���W��
do 30 mmol/l

Norma

40-60mmol/l Szara strefa

�‰�}�Á�Ç�Ï���i60 mmol/l �t�Ç�v�]�l���v�]���‰�Œ���Á�]���s�}�Á�Ç

�3�U�D�Z�L�G�á�R�Z�\���Z�\�Q�L�N���W�H�V�W�X���S�R�W�R�Z�H�J�R��nie wyklucza rozpoznania CF 
�S�U�]�\���R�E�H�F�Q�R���F�L���R�E�M�D�Z�y�Z���N�O�L�Q�L�F�]�Q�\�F�K��

Genotype Sweattest

F508del/F508del 90-130 mmol/l 

55 mmol/l

F508del/3849+10kbC>T 17-40mmol/l

The correct sweat test does not exclude CF in the presence of clinical symptoms

How much CFTR protein do we need�M�l�/�o�������]���s�l�������&�d�Z���‰�}�š�Œ�Ì�����µ�i���u�Ç�M

Mutacje ���&�d�Zuszkadzaj�� syntez�', przestrzenn�� budow�' bia�ska, transport bia�ska do b�sony, stabilno�‘��, 
funkcjonowanie kana�su

���&�d�Zmutationsdamage the synthesis, structure, transport to apical membrane, stabilityand function of the channel

G542X
R553X
W1282X
K710X

F508del
R560T 
A561E
R1066C 
N1303K

G551D R334W  
R347P

3272-26A>G
3849+10kbC>T

Sweat test - gold standard ?
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The Lancet Respiratory Medicine 2016 4, e37-e38DOI: (10.1016/S2213-2600(16)30188-6) 

CF recommendations/Rekomendacje CF [2008] CFTR2

CF causing mutations, disease causing mutations / mutacje patogenne, odpowiedzialne za CF

CFTR-related mutations/mutacje odpowiedzialne za 
choroby CFTR-zależne

Variable consequence mutations/ mutacje o różnym 
znaczeniu klinicznym

Non causing mutations, non pathogenic mutation/ mutacje niepowodujące CF, bez znaczenia klinicznego

Mutations of unknown clinical significance / mutacje o nieznanym efekcie klinicznym (zbyt mało danych 
klinicznych i eksperymentalnych do oceny znaczenia mutacji)

IVS8-(T)n(TG)m
(T)n, n=5-7

(TG)m
m-10-13
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3T

according to WHO data

Mutacje słowiańskie/Slavic mutations
CFTRdele2,3(21kb), 2184insA

Hungary
I stage: 86,25% (30 mutations), 

F508del: 70%, dele2,3 – 5%, 2184insA – 5% 

Czech
I stage: 90,7% (29 mutations), 
CF incidence 1: 2700 (from NBS 1:4023) 
F508del: 67,4%; dele2,3: 5,7%, 2184insA: 0,4%

Slovakia
I stage: 86,5% (29 mutations)

incidence (from NBS): 1:6000-7000
F508del: 60.36%, 

Ukraine
I stage (home made method): 83,7%
CF incidence: 1:3300)
F508del:54,2%,dele2,3(21kb):4,2%,
2184insA: 7,2%

Latvia
CF incidence: 1:3300 (from pilot NBS: 
1:3520, panel of 230 mutations)
F508del: 61%, dele2,3: 3,2%

Poland
I stage: 87% (16 frequent mutations and sequencing)
F508del: 56%, dele2,3(21kb) – 4,4%, 2184insA – 1,5%
CF incidence: 1:2500 (from NBS: 1:4400) 
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Metabolic error ID according to MIM Gene Inheritance Number of 
exons

Hotspot mutations

Phenylketonuria 612349 PAH AR 13 p.R158Q, p.R408W, c.1315+1G>A, c.1066-11G>A

Maple syrup urine disease 248600 BCKDHA
BCKDHB
DBT
DLD

AR 9
10
11
14

No mutation

homocystinuria 236200 CBS AR 23 p.I278T
Hypermethioninemia 250850 MAT1A AR/AD 9 No mutation
citrulinemia typ II neonatal 605814 SLC25A13 AR 18 No mutation

LCHAD 609016 HADHA AR 20 p.E510Q (inna nazwa to p.E474Q)
VLCAD 201475 ACADVL AR 20 No mutation
MCAD/ACADM 201450 MCAD/ACADM AR 12 p.K329E (inna nazwa p.K304E)
OTC 311250 OTC Sprzężone z chr. X 10 No mutation, high frequency
MMA 251000 MUT AR 13 No mutation
CPT-I 255120 CPT1A AR 20 No mutation
CPT-II 600650 CPT2 AR 5 No mutation

3-Methylcrotonyl-CoA 
carboxylase 1 deficiency

210200
210210

MCCC1
MCCC2

AR 19
17

No mutation

HMG-CoA lyase deficiency 246450 HMGCL AR 9 No mutation

Isovaleric aciduria 243500 IVD AR 12 p.Ala314Val
Glutaricaciduria, type I/ 
kwasica glutarowa I

231670 GCDH AR 11 No mutation

tyrosinemia typ I 276700 FAH AR 14 IVS6-1G>T

LICZBA CHORÓB BADANYCH W PROGRAMACH PRZESIEWOWYCH 
NOWORODKÓW/NUMBER OF DISEASES in NBS PROGRAMME 

Kosowo, Mołdawia, Ukraina
Czarnogóra

Białoruś, Cypr, 
Bośnia, Turcja, Bułgaria

Litwa
Francja, Rosja

Irlandia
Szwajcaria
Belgia, UK

Dania
Czechy, Estonia

Holandia
Finlandia, Norwegia

Słowacja
Szwecja
Islandia

POLSKA, Austria, Hiszpania
Włochy

USA
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Strategia przesiewowa w Polsce w kierunku CF / Newborn screening strategy for CF in Poland

Eur J Hum Genet. 2013 Apr;21(4):391-6. doi: 10.1038/ejhg.2012.180. Epub
2012 Aug 15.
Newborn screening for cystic fibrosis: Polish 4 years' experience with CFTR 
sequencing strategy.
Sobczyńska-Tomaszewska A1, Ołtarzewski M, Czerska K, Wertheim-Tysarowska
K, Sands D, Walkowiak J, Bal J, Mazurczak T; NBS CF working group.

CF częstość/CF incidence: 1/4400
CF nosicielstwo/CF carrier: 1/33 

SANGER SEQUENCING: method sensitivity 99,9%

Allows to detect both frequent and rare mutations

POSZUKIWANIE MUTACJI RZADKICH, ULTRARZADKICH i DE NOVO
SEARCHING FOR RARE, ULTRARARE and DE NOVO MUTATIONS 

SEARCHING FOR RARE, ULTRARARE AND DE NOVO MUTATION

NEXT GENERATION SEQUENCING/SEKWENCJONOWANIE NOWEJ GENERACJI (NGS)
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L.p. Mutacja Lokalizacja
(wg tradycyjnej 

numeracji eksonów
CFTR)

Częstość (%) Obecność 
w bazach

1 F508del* 10 56,8 CFTR1, CFTR2
2 dele2,3(21kb)* 2,3 4,4 CFTR1, CFTR2
3 3849+10kbC>T* intron19 3,5 CFTR1, CFTR2
4 G542X* 11 2,9 CFTR1, CFTR2
5 F1052Val 17b 2,8 CFTR1, CFTR2
6 N1303K* 21 2,2 CFTR1, CFTR2
7 R553X* 11 1,7 CFTR1, CFTR2
8 2184insA* 13 1,5 CFTR1, CFTR2
9 D1152H 18 1,3 CFTR1, CFTR2
10 2143delT* 13 1,2 CFTR1, CFTR2
11 1717-1G>A* 7 1,1 CFTR1, CFTR2
12 R347P* 7 1,0 CFTR1, CFTR2
13 W1282X* 20 1,0 CFTR1, CFTR2
14 P750L 13 0,9 CFTR1
15 R297Q 7 0,9 CFTR1
16 3272-26A>G* Intron 16 0,8 CFTR1, CFTR2
17 R117H*;** 4 0,8 CFTR1, CFTR2
18 2183AA>G* 13 0,6 CFTR1, CFTR2
19 D806G 13 0,5 CFTR1
20 K710X 13 0,5 CFTR1, CFTR2
21 L671X 7 0,5 ---
22 R334W* 17b 0,5 CFTR1, CFTR2
23 G1069R 7 0,4 CFTR1, CFTR2
24 Y301C 7 0,3 CFTR1
25 R352W 13 0,3 CFTR1
26 Q685TfsX4 18 0,2 ---
27 3600+2insT intron 17b 0,2 CFTR1, CFTR2
28 Y1092X 7 0,2 CFTR1, CFTR2
29 I336K 10 0,2 CFTR1, CFTR2
30 T582I 17b 0,2 CFTR1
31 T1057A 4 0,2 CFTR1
32 R153K 7 0,2 ---
33 T351S 17b 0,2 CFTR1
34 I1051Val 17b 0,2 CFTR1
35 R1102X 7 0,2 CFTR1, CFTR2
36 M348K 10 0,2 CFTR1
* Mutacja znajdująca się na liście mutacji częstych PTM opublikowanej w 2009r.

Summary of data from
- CM MedGen
- Screening Department, 

Institute Mother and Child

ICD-9: 277.9, ICD-10: E88.9: : niespecyficzna choroba metaboliczna /nonspecific metabolic
diesease/

17% of newborn in USA registry after NBS have diagnosed CRMS 

F508del/R117H is the most frequent genotype among CRMS patients

CRMS/SPID – one year clinical observation is necessary

Diagnostic dilemma…
abnormal screening tests (elevated IRT) + inconclusive sweat tests and/or DNA results

The definition of CRMS/CFSPID concerns an infant with a positive NBS test for CF and either:
• A sweat chloride <30 mmol/L and 2 CFTR mutations, at least 1 of which has unclear phenotypic 
consequences OR
• An intermediate sweat chloride value (30-59 mmol/L) and 1 or 0 CF-causing mutations

CRMS (CFTR related metabolic syndrome) in the USA
Cystic Fibrosis Screen Positive, Inconclusive Diagnosis in Europe
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Variant cDNA name
(ordered 5' to 3')

Variant protein 
name

Variant legacy
name

dbSNP rsID, if
available

# alleles in 
CFTR2

Allele frequency 
in CFTR2
(of 141,340 
identified 
variants)*

% pancreatic 
insufficient 
(patients with 
variant in trans with 
ACMG-PI variant)

Variant final 
determination
3 March 2017
(current version)

Change from previous
version?

c.92G>T p.Arg31Leu R31L rs149353983 7 0,00005 0% Unknown significance Yes

c.509G>A p.Arg170His R170H rs1800079 11 0,00008 33% Unknown significance Yes

c.601G>A p.Val201Met V201M rs138338446 11 0,00008 25% Unknown significance Yes

c.1327G>T p.Asp443Tyr D443Y rs147422190 8 0,00006 25% Varying clinical
consequence Yes

c.1584+1G>A No protein name 1716+1G->A rs397508230 5 0,00004 50% CF-causing Yes

c.1680-877G>T No protein name 1811+1643G->T rs397508261 26 0,00018 100% CF-causing Yes

c.1684G>A p.Val562Ile V562I rs1800097 20 0,00014 43% Unknown significance Yes

c.1763A>T p.Glu588Val E588V rs397508297 6 0,00004 50% Varying clinical
consequence Yes

c.1766+5G>T No protein name 1898+5G->T rs121908796 6 0,00004 80% CF-causing Yes

c.2506G>T p.Asp836Tyr D836Y rs201386642 9 0,00006 50% Unknown significance Yes

c.3468G>A No protein name 3600G->A rs139729994 15 0,00011 38% CF-causing Yes

c.3468+2_3468+3insTNo protein name 3600+2insT not found 12 0,00008 100% CF-causing Yes

c.3468+5G>A No protein name 3600+5G->A not found 3 0,00002 33% CF-causing Yes

c.3717G>A No protein name 3849G->A rs144781064 3 0,00002 67% CF-causing Yes

c.3717+40A>G No protein name 3849+40A->G rs397508595 13 0,00009 30% CF-causing Yes

c.3873+2T>C No protein name 4005+2T->C rs146795445 15 0,00011 27% CF-causing Yes

Mutation status is not fixed
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Damage to the liver and bile ducts in cystic fibrosis 
with regard to liver and pancreas transplantation

Więcek Sabina
Department of Paediatrics, Medical University of Silesia, Katowice, POLAND

Etiopathogenesis of hepatic lesions:
a combination of complex processes of fibrosis, inflamma-
tion, re-modelling, apoptosis and cholestasis, a consequence 
of the abnormal functioning of the CFTR protein, immunolog-
ic reactions and response to oxidative stress

Patophysiological changes to the bile acids in the course 
of cystic fibrosis
1. Changes to the components of the bile (abnormal water    
    and electrolyte contents and change to the pH of the bile)
2. Changes to the profile of bile acids – to hydrophobic
3. Abnormal transportation of the bile
4. Retention of toxic bile acids (taurocholic acid)
5. Induction of pro-inflammatory chemokines -> biliary
    fibrogenesis
                                            Pereira T. et all . J.Pediatr.Gastroenterol.Nutr. 2012;3:328-335.

Factors contributing to the processes of precipitation of bile acids in the bile ducts:
• Decreased synthesis of the salts of the bile acids
• Decreased absorption of bile acids from the lumen of the small intestine
• Narrowing of the bile ducts impairing the outflow of the bile from the liver to the lumen of     
    the duodenum

Patient 1
- born 27.10.03
- C-V, P-IV, SN, body mass - 3200g, Apgar - 10 points
- 3 yo – hospitalised at the Department of Haematology hepatosplenomegaly, suspected    
  proliferative disease.
- Body mass - 25-50pcn, Height - 25-50pcn
- Sporadic upper respiratory tract infections
- Normal stools
- AlAT - 56 U/l, AspAT - 63 U/l, GTP - 112 U/l
- Protein - 83 g/l
- Fatty steatocrit index - 38,5%
- Abdominal ultrasound- connective tissue penetrates through the portal system and 
  divides the hepatic parenchyma into multiple “nodes”.  Winding portal vein.
- Sweat test - Cl-98mmol/l
- Genetic test - F508del/F508del
The following were excluded - Viral hepatitis, alpha-1 antitrypsin deficiency, Wilson’s          
disease, AIH, coeliac disease
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Patient 1
2013
- Sporadic cough reported in the anamnesis,
- Hb - 9,8g%, RBC-4050000, WBC - 1700, PLT - 65000
- INR - 1,44, AlAT- 39 U/l, AspAT - 47 U/l, GTP - 44 U/l
- Doppler ultrasound - enlarged liver, entirely covered in lumps, with irregular borders. Nar    
  rowing of the hepatic veins, non-dilated portal vein with a slow flow. A large number of  
  hyperechogenic fibrous tissues. Significantly en larged spleen.
- Panendoscopy - second/third degree oesophageal varices, thickened folds of the fundus   
  of the stomach, features of portal gastropathy
Further treatment, variceal band ligation and referral for liver  transplant

GENETIC FACTORS: Type of CFTR mutation
• So far, no specific mutation relating solely to liver damage in the course of cystic fibrosis      
    has been discovered.
• Most commonly, these are the so called „serious mutations” of the CFTR gene (delta 
    F508, G524X, N1303K, CFTRdel21kB, 1811+1G-> C).
• The delta 508 mutation plays a particular role in the development of hepatic lesions in 
    the course of cystic fibrosis due to its stimulation of an increased loss of bile acids with    
    stools and the fact that it leads to the formation of more hydrophobic bile acids.

				               Freudenberg F. et all. Am.J.Gastrointest.Liver Physiol. 2008;294:1411-20

GENETIC FACTORS: the 1 Serpina gene
• It occurs in about 2% of the patients with cystic fibrosis and in about 5% of the patients  
    with cystic fibrosis and co-occuring hepatic lesions.
• Responsible for the synthesis of the inhibitor of serine protease. The protein connected 
    to allele Z is concentrated within the endoplasmic reticulum of hepatocytes leading to 
    their damage, inflammation and cirrhosis.
• In about 10% of allele Z homozygotes, accumulation of the SERPINA gene protein leads 
    to neonatal hepatitis and in 2-3% of cases, to fibrosis and cirrhosis.
• A high risk of portal hypertension in patients with present allele Z of the SERPINA gene 
    has been confirmed.
• Its occurence is linked to the risk of the development of chronic obstructive pulmonary 
    disease.
						      Bartlett J. et all. JAMA 2009;9:1076-83.

GENETIC FACTORS
• Gene of plasminogen activator inhibitor type 1 (PAI1)
• Genes relating to metalloproteinases (TIMP)
• P1 glutation s-transferase gene (GSTP1)
• Transforming growth factor beta gene (TGF-B1)
• Uridilyltransferase gene (UGT1A1)

IMMUNOLOGICAL FACTORS
ROLE OF CHEMOKINES - activation of stellate cells. (source : hepatic macrophages, endo-
thelial cells, bile duct epithelial cells, lymphocytes, blood platelets and hepatocytes)
• Monocyte chemotactic protein (MCP1)
• Macrophage inflammatory protein beta 1 (MIP1B)
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• TGF-beta
• TNF-alfa
• Platelet-derived growth factor (PDGF)
• Interleukins – IL-1,IL-6, IL-10

Abnormalities of cholangiocytes ↓
Mucous plugs in bile ducts ↓
Inflammatory and proliferative processes ↓ 
Focal biliary fibrosis (25-30%) ↓
Multilobular biliary cirrhosis (10%) ↓
Portal hypertension ↓
Hepatic insufficiency ↓
Chart 1. Patogenesis of hepatic lesions the course of cystic fibrosis according to Colombo.
					   

Colombo C. et all. J.Pediatr.Gastroenterol.Nutr. 2006;43:49-55.

Organ lesions contributing to the manifestation of CFLD
• The presence of hepatic lesions (CFLD- cystic fibrosis liver damage) was concluded in    
    28% (80/288) of CF patients.
• The symptoms of CFLD occured as the patient aged.
• All patients with hepatic lesions were diagnosed with pancreatic insufficiency.
• No correlation between the occurence of hepatic lesions and pulmonary lesions, 
    respiratory insufficiency, the level of malnutrition, meconium ileus and/or DIOS (distal   
    intestinal obstruction syndrome) was concluded.	           Wilschanski M. Paediatrics 1999,103,52-7.

• Lindblad observed meconium ileus in only 12% of CF patients, out of whom only 
   6/15 patients with meconium ileus had the symptoms of liver damage. (Hepatology    
   1999;5:1151-1158)
• Siano did not prove the correlation between the occurence of hepatic lesions in the 
    course of cystic fibrosis and the pancreatic efficiency and the level of nutrition. In    
    2-5% of patients, focal biliary cirrhosis develops into multilobular cirrhosis (Dig.Liver Dis.    
    2010;42:428-431).
• Risk factors - male gender (a probable protective role of oestrogens in women).

The role of undernourishment
• Children with diagnosed cystic fibrosis and liver damage have lower body mass, height, 
    circumference of the upper arm and BMI
• Patients with cystic fibrosis also have significantly lower levels of linoleic (LA), 
    docosahexaenoic (DHA) and docosapentaenoic (DPA) acids
• The influence of parenteral nutrition
• The role of antioxidant deficiency
• Vitamin deficiency
• Essential fatty acids deficiency
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The role of the hepatoxic effect of medications
• Abnormal functions of oxidases and P450,CYP2C8, CYP2C9, CYP3A4 cytochromes.
• The dose of beta lactame should be reduced by 20%
• The doses of aminoglycosides should be decided upon depending on the level of the   
    medication in the blood serum
• Increased microsomal metabolism relating to theophylline and methylxanthine through   
    the affected 1st phase of the biotransformation of the medications
• Increased hepatic clearance of the 2nd phase, which may be reflected in the abnormal 
    metabolism of furosemide, lorazepam and ibuprofen

Kearns G. et all. Ann.Pharmacother.1993;27:74-79.

Defects of the gall bladder and bile ducts
• In about 30% of patients with cystic fibrosis, atrophic gall bladder or the lack thereof, also 
    its defects and/or of bile ducts is reported.
• No correlation between cirrhosis and abnormalities in the gall bladder and/or bile ducts 
    has been observed.
• Gallbladder hyldrops and lithiasis are significantly statistically more commonly observed 
    in patients with cystic fibrosis compared to the healthy population.
• The narrowing of the distal regions of the bile ducts is frequent and may occur in even 
    90% of CF patients and contribute to the formation of gallstones.

Cholelithiasis:
• Cholelithiasis concerns 14-24% of CF patients
• The following play a role in the pathogenesis of the formation of gallstones: abnormal bile 
    content, increased excretion of bile acids with stools and the formation of lithogenic bile 
    where bile acids are interlocked with glycine.
• No correlation between the formation of gallstones and supplementation with pancreatic 
    enzymes has been confirmed.

Risk factors of the development of liver diseases in cystic fibrosis
• Male gender – of patients with CFLD are boys. Protective role of oestrogens in women.
• Co-existing meconium ileus (inconsistent data- from a 5-times’ higher risk of developing    
    hepatic lesions to a similar risk). Only 25% of patients with CFLD had meconium ileus in 
    the medical interview. Meconium ileus is not a prerequisite for CFLD. Probably, parenteral 
    nutrition is an additional factor.
• Significant undernourishment.
• Pancreatic insufficiency
• Severe genotype (delta F508).

Hepatic lesions in the course of CF
1. Focal hepatic fibrosis 72%
2. Focal biliary cirrhosis 20-30%
3. Multilobular biliary cirrhosis 5-15%
4. Portal hypertension 2-5%
5. Small atrophic gallbladder and narrowing of bile ducts 15-45%
6. Cholelithiasis 14-24%7. Steatosis 25-60%
8. Cholestasis in newborns <10%
9. Primary sclerosing cholangitis rarely
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10. Cholangiocarcinoma rarely
11. Drug-induced, toxic liver damage

Clinical symptoms of CFLD
• In most CF patients, the course of hepatic complications is symptomless.
• Pruritus sometimes occurs and jaundice in patients whose condition is advanced.
• Accidentally diagnosed hepatomegaly is usually the first symptom.
• In newborns, steatosis may be accidentally discovered in a routine abdominal ultrasound.

Diagnosis of hepatic lesions in the course of cystic fibrosis :
1. CLINICAL SYMPTOMS
• Hepatomegaly, symptoms of portal hypertension
• Very frequent symptomless course

2. Periodic laboratory tests (the levels of AlAT, AspAT, GGTP, bilirubin and bile acids, the APRI 
index and Fibrotest)
• It is believed that elevated levels of at least 2 hepatic parameters above the norm within 
    at least 3 months is an indication of advancing hepatic lesions.
• Low sensitivity and specificity
• Most patients with multifocal cirrhosis have normal test results. Isolated elevation of 
    aminotransferases with concurrent normal GGTP index may indicate steatosis.

3. Abdominal ultrasound and a Doppler test- assessment of the level os steatosis, symp-
toms of portal hypertension and cirrhotic transformation of the liver). Inexpensive and 
non-invasive test. Normal imaging of the liver does not exclude the ongoing process of 
fibrosis.

4. Liver biopsy with histopathological assessment – apart from being painful, it is invasive, 
prone to side-effects and sampling errors

5. Non-invasive parameters of liver fibrosis
Fibroindex, amino peptides of type III procollagen, collagen I, collagen IV, laminine, hyaluron-
ic acid, Cytokines and chemokines relating to the process of fibrosis, cytokeratin 18.

Elastography – noninvasive method for 
the detection of liver disease 

Elastography – noninvasive method for 
the detection of liver disease 

Elastography – noninvasive method for 
the detection of liver disease 

Elastography – noninvasive method for the detection of liver disease
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• Elevated liver enzymes are common  during childhood in CF 
patients identified by newborn screen. 
 

• Elevation  of liver enzymes above 3X ULN is very  unusual at 
annual visits.  
 

• Elevated AspAT and GTP maybe  markers  for risk  of advanced 
liver disease. 

Algorithm for diagnosis , evaluation and management of CFLD 
 Sathe M, Freeman A. Gastrintestinal, pancreatic and hepatobiliary manifestations of cystic fibrosis. Pediatr 

Clin N Am 2016;63:679-698. 
 

• Elevated liver enzymes are common during childhood in CF patients identified by newborn     
    screen.
• Elevation of liver enzymes above 3X ULN is very unusual at annual visits.
• Elevated AspAT and GTP maybe markers for risk of advanced liver disease.

Algorithm for diagnosis , evaluation and management of CFLD 
Sathe M, Freeman A. Gastrintestinal, pancreatic and hepatobiliary manifestations of cystic fibrosis. 

Pediatr Clin N Am 2016;63:679-698.
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• Present data  suggesting  that UDCA  when 
started  before severe liver damage is present, 
might be able to prevent the progression  of 
CFRLD and might even induce a reversal of 
fibrosis.  

The treatment of hepatic lesions in cystic fibrosis:
1. Background therapy of cystic fibrosis
2. Diet therapy
	 - Prevention of undernourishment in cystic fibrosis.
	 - Feeding tube or PEG nutrition recommended.
3. Ursodeoxycholic acid
	 - Has cytoprotective effect on the cell membranes of cholangiocytes,
	 - Stimulates the secretion of chloride ions through calcium-dependent chloride 	
	   channel.
	 - Reduces the ratio of cholic acid in bile (less than 5%), reduces its synthesis and 	
	   lowers its overall volume. It also stimulates cholangiocytes and hepatocytes to 	
	   secrete.
	 - Has anti-apoptopic effect and reduces the toxic effects of hydrophobic bile acids.

•  There are few trials assessing the effectiveness of ursodeoxycholic acid. There is insuffi-
     cient evidence to justify its routine use in cystic fibrosis….
•  Routine use of UDCA in people with CF cannot, therefore be recommended !!!

• Present data suggesting that UDCA when started before severe liver damage is present,    
    might be able to prevent the progression of CFRLD and might even induce a reversal of       
    fibrosis.

4. The treatment of portal hypertension
	 - Beta- blockers
	 - Endoscopic methods for the treatment of esophageal varices
5. Liver transplant
	 - Advancing dysfunction of the liver, progressing ascites and jaundice, recurrent 	
	   bleeding from esophageal varices and hepatopulmonary syndrome

European recommendations for the treatment of with cystic fibrosis and hepatic lesions
1. Bio-chemical tests (AlAT, AspAT,GGTP, FA, prothrombin time, blood platelets) every 6    
    months.
2. Imaging tests – abdominal ultrasound, alternatively annual CT or MR.
3. Ursodeoxycholic acid at 20mg / kg daily with divided doses being more effective.
4. Panendoscopy performed every 2-3 years is necessary in patients with cirrhosis and or   
    splenomegaly in order to exclude esophageal verices.
5. Assessment of the hepatopulmonary syndrome – assessment of intrapulmonary shunts   
    as they intensify hypoxaemia.
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6. In the case of cirrhosis – assesment of the levels of alpha-fetoprotein (AFP)
    every 6 months.
7. Mild esophageal varices – non selective beta blockers ? Levels 2-3 varices – 
    endoscopic treatment or intrahepatic portosystemic shunts.
8. Prevention of undernutrition (via feeding tube or PEG).

Herrmann U. Best Practise &Research Clin.Gastroenterol. 2010;24:585-592.

Recommendations of PTM
• “Regular tests (at least once a year) of basic liver functions (levels of bilirubin, albumines, 	
    aminotransferases, the prothrombin ratio and GGTP) and Doppler ultrasound of the     
    abdomen are necessary in the case of cystic fibrosis.”
•„Preparations with ursodeoxycholic acid at 10-40mg/kg/24h should be administered to       
    patients with abnormal functions of the liver and bile ducts, and all patients with neona  
    tal cholestasis.”
•„Patients with suspected portal hypertension (enlarged pacreas, slowing of the portal vein 
    flow <15cm/sec.) should undergo gastroscopy and optional endoscopic variceal ligation – EVL.”
•„Liver transplant should be considered in patients with advanced cirrhosis and portal   
    hypertension.”

Indications for liver transplant in children with cystic fibrosis
• Failure of the liver
• Portal hypertension – recurring bleeding from the esophagus (ineffective endoscopic     
    treatment / TIPS)
• Recurring peritonitis
• Hepatocarcinoma• Mean age of patients with CF at transplant who underwent LT was   
    significantly lower than  
    in patients with CF that underwent LLT (14.4 vs 20.1)
• More than 90% of the transplanted patients were Caucasian
• Abnormal total bilirubin level was found in 59% of all transplanted patient with CF, signifi  
    cantly more in patients who underwent LLT
• Almost a fifth of LT and LLT patients had diabetes at transplant
   	 6.7% of the patients had encephalopathy,
	 12% had episodes of gastrointestinal bleeding
	 59.7% had ascites
• All patients who underwent combined LLT received whole liver compared to 0.1% of the    
    patients who underwent LT
• Retransplantation was performed in 20 (8,7%) LT patients and in no patients receiving a 
    combined LLT.
• No patients with combined LLT underwent liver or lung re-transplantation during the 
    study.
• Patients with isolated LT had significantly higher BMI , higher prevalence of encephalopa
    thy and diabetes and lower albumin at transplant.



122

   

      

   
   



123

     

 
 
 
 

• The outcome for combined heart/lung/liver  grafting in adult 
people with CF was poor, whereas  liver transplantation  alone 
had acceptable waiting times and good  survival outcome. 
 

• High incidence of renal impairment in this group, and in 
contrast to previous studies, largely in pediatric patients, 
respiratory function declined dramatically. 

•  The outcome for combined heart/lung/liver grafting in adult people with CF was poor,     
     whereas liver transplantation alone had acceptable waiting times and good survival     
     outcome.
• High incidence of renal impairment in this group, and in contrast to previous studies,   
    largely in pediatric patients, respiratory function declined dramatically.

A combined liver – pancreas en-bloc transplant in a patient with cystic fibrosis. 
Young A, Giles C, Mervyn T et al Transplantation 2005;5:605-607.

Method of en-bloc liver – pancreas transplant is the most efficient way to carry out this pro-
cedure. Combining liver and pancreas transplant has several advantages in patients with 
end-stage liver disease and IDDM.

    

 
A combined liver –pancreas en-bloc transplant in a 
patient with cystic fibrosis.  Young A, Giles C, Mervyn T et al Transplantation 
2005;5:605-607. 
 
Method of en-bloc liver –pancreas transplant is the most efficient way to carry 
out this procedure. 
Combining liver  and pancreas transplant has several advantages in patients 
with end-stage liver disease and IDDM. 
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Benefit of the en bloc technique
• Simpler operation with fewer anastomoses
• Physiologic insulin release into the portal circulation
• Decrease the risk of venous torsion
• Immunologic benefit of the liver acting as a sink for circulating antigen and inducing
    tolerance to pancreatic graft
• Simultaneous liver-pancreas transplantation restores exocrine and endocrine pancreatic 
    function in patients with CFLD and enables improved nutritional outcomes concurrent 
    with the potential for discontinuation of insulin and pancreatic enzyme supplementation 
    therapies.
• Diabetes has been reprted to exert a negative effect on the already decreased pulmonary 
    function, observed in CF patients. FEV1 in CF patients with diabetes is markedly reduced 
    in all age groups compared to CF patients without diabetes.
• Simultaneous liver-pancreas transplantation is associated with an improved BMI in the    
    postransplant course.

COMPLICATION AFTER LIVER TRANSPLANTATION:

Biliary complication
Stricture, leak, bile collection, biliary abscess
Ischemic-type biliary lesions
Infectious biliary complications/cholangitis

Vascular complication
Hepatic artery thrombosis
Portal vein thrombosis/stenosis
Hepatic vein outflow obstruction

Miscellaneous
Recipient and graft size
Bowel perforation

Patients with CF have a higher incidence of anastomotic biliary strictures, likely due to 
underlying disease of the bile duct.

Effects of using immunosuppresive drugs, such as :
• Infections
• Disorders of the hematopoetic system
• Abnormalities of the lipid and carbohydrate metabolism
• Nephrotoxicity

In patients with diagnosed cystic fibrosis following isolated liver transplantation, there is an 
increased risk of pulmonary complications (severe infections).
It seems that an FEV1<50% was associated with poor outcomes in isolated liver tranplanta-
tion, and thus patients with poor lung function should be considered for combined lung-liver 
transplantation.
For isolated liver transplantation, if the FEV1 is <40%, patients are listed with their MELD/
PELD score plus a 10% mortality equivalent.
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< 1 month 1- 6 months >6 months 

Infections with bacteria 
resistant to treatment  
MRSA, VRE, CANDIDA 
 
Catheter-related infections 
Aspiration 
 
Clostridium  dificile 
 
Donor’s infections  HSV, 
HIV 

Viral infections , CMV, EBV,  
HBV 
 
PNEUMOCYSTOSIS 

Population endangerment 
 
Pneumonias 
 
Aspergillosis 
 
CMV, HBV, HCV 

If listed for a combined liver-lung transplantation with an FEV1 <40%, the liver listing starts 
with a MELD of 40.

The viral factor in oncogenesis
• EBV – Burkitt lymphoma, nasopharyngeal cancer, PTLD
• HBV, HCV – hepatocellular carcinoma HCC
• HTLV 1- T-cell leukaemia
• HPV – cervical cancer, anogenital cancers, skin and bladder cancers
• HHV 8 – Kaposi’s sarcoma

Prophilactics of the infections
• HSV 		  Acyclovir, ganciclovir, valacyclovir, famciclovir
• VZV 		  Acyclowir, VZV immunoglobulin
		  CMV Ganciclovir, valacyclowir, acyclovir, CMV immunoglobulin anty CMV
• P.carini 	 TMP-SMX
• Funghi 	Fluconazole, sterilization of the gastrointestinal tract
• Bacteria 	 TMP-SMX
• T.gondii 	 TM-SMX, pyrimethamine

Summary:
• The etiopathogenesis of hepatic lesions in the course of cystic fibrosis is very complex   
    and not yet fully explained.
• The clinical symptoms of CFLD are not characteristic and the clinical picture is often 
    symptomless or limited.
• Further studies into the causes of hepatic lesions in cystic fibrosis are necessary, 
    which will contribute to the reduction in the number of deaths, extended survival rate 
    and improvement in patients’ quality of life.
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Supplementation of pancreatic enzymes 
from the perspective of the gastroenterologist

 Woś Halina, Krakow, POLAND

Pancreatic function
• production of pancreas juice 1200 - 3000 ml/day
• pancreatic enzymes: amylase, lipase, trypsin,
    chymotrypsin, elestase, kallikrein
• production of bicarbonates neutralizing acidic gastric 
    contents
• maintenance of acid-base balance

Function of the pancreas controlled by the hormones of the 
digestive tract
• secretin → secretion of bicarbonates
• CCK: release gallbladder from gallbladder, secretion 
    of pancreatic juice
• acetylcholine → motility and secretion of pancreatic juice
• digestive disorders <10% of normal secretion
• carbohydrate digestion already started in the mouth (salivary amylase) and stomach
• fat digestion mainly in the proximal part of the small intestine
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1.SiBO (small intestine bacterial overgrowth) bacterial overgrowth (~40% of 
patients with CF)
-an increase in intestinal gas, bloating, diarrhea, steatorrhoea
-vitamin B12 deficiency 
-increase in folic acid level

2. Low pH of intestinal juice – bile acid precipitation and disturbance of micellar 
formation

3. Sudden ejection of gastric juice → duodenum pH drop → denaturation of other 
enzymes                                                                    

1.	 SiBO (small intestine bacterial overgrowth) bacterial overgrowth
	 (~40% of patients with CF)
		  -an increase in intestinal gas, bloating, diarrhea, steatorrhoea
		  -vitamin B12 deficiency
		  -increase in folic acid level
2. 	 Low pH of intestinal juice – bile acid precipitation and disturbance
	 of micellar formation
3. 	 Sudden ejection of gastric juice → duodenum pH drop → denaturation
	 of other enzymes

Supplementation of pancreatic enzymes

•in all patients with exocrine pancreatic insufficiency and malnutrition
•prevents micronutrient, fat-soluble vitamins, ferritin and prealbumin deficiencies

	 2 000 - 4 000 IU lipase / 120ml blend/fed
	 1 000 IU lipase / kg b.w./meal < 4 year of life
	 500 IU lipase / kg b.w./ meal > 4 year of life

	 max dose: 10 000 IU lipase / kg b.w. / day
	                      2 500 IU lipase / kg b.w. / meal
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Pancreatic enzyme preparations 
available in Poland

Supplementation of pancreatic enzymes per gram of fat  intake 
2000 – 4000 j IU lipase
Pancreatic enzyme preparations approved by FDA (after April 2010)
- Creon (Abbott Laboratories, Hanover, Germany)
- Zenpep (Aptalis Pharmaceuticals, Milan, Italy)
- Pancreaze (Janssen Pharaceuticals, Uetersen, Germany)
- Ultresa (Aptalis Pharmaceuticals, Pessano, Italy)
- Viokace (Aptalis Pharmaceutocals, St. Hubert, Canada)
- Pertzye (Digestive Care, Inc, Bethlehem PA)

Berry. Nutrition in Clinical, Practice 2014

Pancreatic enzyme preparations available in Poland

Pancreatic enzymes
The enteric capsules release the lipase in the duodenum pH >5,5
  	 mini microspheres 1,0 - 1,2 mm
  	 mini microspheres 1,8 – 2,0 mm
Swallow! Do not chew it! Do not crush!
(optionally mix with the acid environment)
Forms: powder, granules, tablets, microspheres, mini microspheres

1755 IV lipase /kg b.w./meal vs 1628 IV lipase

weight BMI  50,7 vs 39,6
hight BMI  40,4 vs 31,6
b.w. deficiency 37% vs 45%
steathor   26% vs 39,5%
FEV1      90,3 vs 81,3

1755 IU lipase /kg b.w./meal vs 1628 IU lipase
weight BMI 	 50,7 vs 39,6
hight BMI 	 40,4 vs 31,6
b.w. deficiency 	 37% vs 45%
steathor 		 26% vs 39,5%
FEV1 		  90,3 vs 81,3
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Evaluation of lipase activity 10' before and after meal

decreased in case of gastric emptying disorders
administration 10' after a meal has no effect on its 
performance
better results with supply during or after a meal

J-Matthias L. UEG Journal 2013

Evaluation of lipase activity 10’ before and after meal
• decreased in case of gastric emptying disorders
• administration 10’ after a meal has no effect on its performance
• better results with supply during or after a meal

Enteric – coated enzymes a PPI/H2 bloke
-  secretion of bicarbonate is not proportional to the abnormal secretion of enzymes 		
   by the pancreas
-  no response to pancreatic enzymes - consider using Ppi
-  motility disorders, delayed gastric emptying, accelerated intestinal transit
							       Sander-Struckmeier. Pancreas 2013

Evaluation of PERT’s effectiveness
•improvement of clinical parameters (disappearance of bloating, abdominal pain)
•systematic weight gain
•disappearance of fatty diarrhoea
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Lack of efficacy of PERT
•inadequate dosage
•storage of enzymes at too high temperatures
•failure to follow the recommendations
•low pH in the duodenum – inactivation of lipase pH <4 blockage of enzyme re		
   lease from the shell
•bacterial overgrowth in the small intestinenieodpowiednia dieta rich in fiber: 		
   absorption of pancreatic enzymes delayed absorption rich in Ca and Mg: 
   increased precipitation of bile acids consider MCT fats: absorption in the small 		
   intestine without lipase, colipase and bile

Side effects of PERT use
• Nausea
• Bloating
• Feeling of fullness
• intestinal cramps
• too high doses combined with fibrosing colonopathy

OPTIMAL DOSE IS NOT KNOWN SPECIFICALLY FOR EVERYONE

Lack of knowledge of optimum introduction time of

PERT and the appropriate dosage for the different 

degrees of pancreatic insufficiency, especially in 

infants

Lack of knowledge of optimum introduction time of PERT and the appropriate dosage for 
the different degrees of pancreatic insufficiency, especially in infants

Another form of enzymes

• Insoluble form in the intestine
	 Viokace Aptalis Pharmaceuticals, St. Hubert Canada
• Necessity to use together with IPP - enzymes can be deactivated in the stomach (not 	
    available in Poland)
	 Berry. Nutrition Clinical in Practice 2014

Nutritional treatment
•  Dietary intervention to increase the amount of calories, including oral dietary supplemen    
     tation
•  Enteral nutrition through a nasogastric tube or PEG
•  Parenteral nutrition
•  NIGHT ENTERAL NUTRITION COMPLETES DAILY CALORIE INTAKE AND DOES NOT RE	
     PLACE NORMAL MEALS (~ 30%)
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Enzyme therapy during enteral feeding
• calculate the enzyme dose per 1 gram of fat
•orally 3/4 of the dose at the beginning of the supply and 1/4 before the end
• Enzymes - enteric form – microspheres dissolve in natrium bicarbonatu or 1/4-1/2  	
    a teaspoon of soda + 30ml, H20, dissolved enzymes afte 15-30` add to the
    feeding  bag
• Enzymes - insoluble form in the intestine - mash and add to the nutritional bag 		
    (note not to inhale the powder and save your eyes)
• calculate the enzyme dose per 1 gram of fat
• orally 3/4 of the dose at the beginning of the supply and 1/4 before the end
• Enzymes in the enteric form – microspheres dissolve in natrium bicarbonatu or 		
    1/4-1/2 a teaspoon of soda + 30ml, H20, dissolved enzymes afte 15-30` add to 		
    the feeding bag
• Enzymes in insoluble in the intestines form mash and add to the nutritional bag 		
    (note not to inhale the powder and save your eyes)
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The anti-inflammatory treatment of respiratory tract 
in children with CF including antibiotic therapy 

Božena Kordys-Darmolińska
Upper Silesian Children’s Health Center in Katowice, pOLAND

Anti-inflammatory therapy - preventing the progression of 
pulmonary disease
• This is the primary goals of CF treatment 
• The average life expectancy of patients with CF, in the      
    last four decades, has significantly increased - The medi    
    an survival reached about 40 years in 2011
• Still, the majority of patients die from respiratory failure

Prevention of progression of pulmonary disease
• Cystic fibrosis mutations lead to impairment of muinfe    
    cociliary clearance which results in  occlusion by mucus    
    plugs and secondary pathogenic infections - staphylococ
    cus aureus and pseudomonas aeruginosa type.
• Chronic infections and inflammation with massive neutrophil infiltration are intensified by     
    exacerbation
• after exacerbation, lung functions do not return to baseline values
• Meticulous, daily monitoring and management of lung disease
• Fast and aggressive treatment of exacerbations is the key to maintaining lung 
    functions
• First untreated P.A infection leads to chronic infection with impaired lung function, poorer     
    nutrition, increased pulmonary exacerbation and higher mortality
• eradication introduced not later than 4 weeks after the positive result of culture

Available options
• Tobramycin inhalation solution (TIS) for 28 days
	 and
• lasting up to 3 months, combination therapy with colistin with nebulized ciprofloxacin
• Chronic P.A infection indication for  long-term inhaled antibiotics therapies (for life)
• Colistine 2x2mln / day widely used in Europe
It is also currently available in the form of a dry powder

Colistine
• Inhalation form - dry powder, capsules
• trade name COLOBREATHE
• dose of 1 662 500 IU = 125 mg 2x / day for 28 days with a manual inhaler of the Turbos
    pin type
• effect comparable to a solution 
• easy to use
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• Inhaled Tobramycin 2 x 300 mg for 28 days with the interval of 28 days without                    
   treatment, in patients > 6 years of age, according to the US guidelines
• TOBI Podhaler TM (tobramycin) Powder has similar efficacy
• Alternative treatment with aztreonam lysine 
    (European and American guidelines)

Tobramycin
• Inhalation solution - company name TOBI or BRAMITOB
• dose of 300 mg / 5 ml or 4 ml administered 2x / day for 28 days with a 28 day interval
• inhalation form - dry powder - company name TIP
• dose of 112 mg 2x / day for 28 days using a podhaler

• may be oto-, nephrotoxic, induce bronchospasm

Aztreomon
• Company name CAYSTON or AZLI
• 75 mg administered by nebulization 2x / day for 28 days with 28 day interval
• Tobramycin may be used in the interval
• treatment of P.A. infections 
• studies in chronic infections of Burkholderia cepacia
• Chronic infection with other bacteria than P.A- Antibiotic therapy continuous maintenance     
    is not indicated
• The controversial use of flucloxacillin in early life to prevent Staphylococcus aureus          
    infection
• Ceftaroline new cephalosporin acting on MRSA
• Progression with alternating period of stabilization and pulmonary exacerbations (PEX)
• There is no clear definition of PEX
• It requires a multidisciplinary approach
• Intensive antibiotic therapy with the participation, in the selection, of a pharmacist, a     
    microbiologist and a specialist in the treatment of infectious diseases
• Selection of method of airway clearance with optimization of inhalation therapy    
   (cooperation with physiotherapist)
• Increasing the supply of calories due to higher metabolic demands (working with
    a dietician)
• Control of enzyme and vitamin supplementation
• psychological support

Prevention of progression of pulmonary disease- antibiotic therapy
• Hospital care is the optimal standard of care for most patients requiring intravenous    
    antibiotics
• In individual cases it is possible to use intravenous antibiotic therapy in the patient’s 
    home
• Dosage should be adjusted according to the guidelines of the disease, taking into 
    account the required higher dose of antibiotic
• recommended combination therapy using two or more antibiotics
• routine treatment for 14 days, in some cases longer - 3-4 weeks
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• Use of inhaled antibiotic therapy in the standard treatment of patients with CF
• effective in reducing pulmonary exacerbations in patients with CF
• improves lung function
• reduces respiratory tract symptoms
• Long-term inhalant antibiotic therapy given with one drug or different kinds of antibiotics     
    administered alternately
• high local concentration of the antibiotic
• outweighs the risk of developing resistance to antimicrobial drugs

Amikacin
• Liposome inhalation provides deep mucus and bacterial biofilm penetration
• company name ARIKACE
• dose of 560 mg / day via a PARI LC STAR or e-FLOW inhaler for 28 days
• attempts to treat multidrug-resistant pathogens - Mycobacterium abscessus type and 
    other Nontuberculous mycobacteriosis
• consider Prevotella infection or other anaerobes

Levofloxacin
• Company name AEROQIN
• dose 240 mg administered by nebulization 2x / day for 28 days with 28 day interval
• Tobramycin may be given during the interval
• treatment of P.A. infections 
• may cause a taste disorder

Prevention of progression of pulmonary disease - antibiotic therapy

macrolides
• Distort the production of alginates - conducive to antibacterial activity of other antibiotics 
    and phagocytes
• <PEX frequency, improve bronchial obstruction
• patients after 6 years of age (25-40 kg) - 3 times per week or every other day with 
    250 mg

• patients after 6 years of age> 40 kg - 500 mg or 250 mg daily
• Dosage in children <6 years - not recommended in children <5 kg body weight, average    
    dose 10 mg / kg 3 times a week
• recommended for chronic treatment
 			              Mogayzel PJ Cystic fibrosis pulmonary guidelines AmJ Resir.2013

• possibility of developing resistance to other bacterial strains
• Anti-inflammatory and anti-adhesive
• do not work very well on P. auginosa but are effectively antibacterial to biofilm forming     
    microorganisms as occurs in chronic P. aeruginosa infection
• chronic administration improves lung function                   
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Prevention of progression of pulmonary disease- ABPA
• Recurrent  allergic bronchopulmonary aspergillosis - Aspergillus fumigatus and other 
    types of fungi often in sputum of patients with CF
• always be considered in patients with clinical deterioration unresponsive to antibiotics
        						                        UK Cystic Fibrosis Trust 2009   
• Recurrent allergic bronchopulmonary aspergillosis - diagnostic tests:
    allergy skin test, eosinophilia
• Determination of serum total IgE (> 1000 IU), sIgE for Aspergillus, presence of antibodies    
    against Aspergillus 
• in the chest x-ray infiltrations of recurring character and in HRCT central bronchiectasis 
    with finger-in-glove shadow. 
• Treatment: length of therapy and dose of the drug individually selected for the patient
• Prednisone 0.5-1 mg / kg b.w. for 2 weeks then 0.5 mg / kg b.w. every 2 days for the next 
    2 weeks
• dose reduction and discontinuation of treatment in 2-3 months
• itraconazole and voriconazole for 3-6 months

Prevention of progression of pulmonary disease – Mucokinetics
• Dornaza alpha - the only mucolytic preparation with proven efficacy
• improves lung function and <number of exacerbations irrespective of severity of disease
• slows progression of the disease
• The effectiveness of other mucolytic drugs including N-acetylcysteine in CF has not been     
    demonstrated
                					    KonstanMW,Wagener Ped.Pulmonol 2011            

Prevention of progression of pulmonary disease – Moisturizers
• Increased amount of fluid on the surface of dehydrated airways can be achieved
    by wetting osmotic agents:
• Hypertonic NACl (7%) - <frequency of exacerbation and slightly improve pulmonary 
    function in moderate to severe CF
					     WarkP,McDonaldVM Cochrane Databa se syst Rev.2009.

• Mannitol, introduced recently for treatment, improves lung function
• available in the form of powder for inhalation, which shortens the duration of treatment
• NaCl and Mannitol are irritating to the respiratory tract and require initial assessment of    
    tolerance and premedication with bronchodilator
						      Aitken ML,Bellon Am J Respir Crit CareMe2012

Prevention of progression of pulmonary disease – physiotherapy
• is an indispensable part of CF treatment
• positive expiratory pressure (PEP) has the advantage over high frequency chest wall   
    oscillation (HFCWO)
• airways clearance techniques should be selected individually

Prevention of progression of pulmonary disease – CFTR modulators
• Drug therapy directed towards the CFTR is intended to increase increased expression of     
    proteins on the surface of cells their activities
• Ivacaftor - CFTR amplifier, in patients with G551D gating mutation (<5% of patients world  
    wide), concentration of chlorides in sweat, improves clinical indicators
• Orkambi - in patients> 12 years of age with del508F mutation 
    (250 mg Lumacaftor / 125 mg Ivacaftor)
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Responders 
258 out of 311 parents 

invited returned the 
questionnaire (83%) 

32 questionnaires were 
excluded (inclomplete 

information and rule-outs), 
226 were finally analysed. 

Responders demografics: 

95,2% resonders were 
female 

58% were university 
graduates while 42% were 

college graduates 

Age range: 19-69 (mean: 
33,3)  

Breaking the news of genetic disorder -
the experience of Polish parents and carers

Maria Libura, Institute for Interdisciplinary Studies, Lazarski University, Warsaw, POLAND
Aldona Jankowska, Department of Paediatrics, Haematology and Onocology, Nicolaus Copernicus

University in Toruń Collegium Medicum in Bydgoszcz POLAND

Background

• The news of a genetic deasese diagnosis is a life – 
   changing experience for parents.
• The way the news is conveyed may have a lasting impact on 
    parental attidute and coping strategies.
• There is limited data on the practice and the experience of 
    parents/carers of patients with such disorders in Poland.
• The purpose of this study was to investigate the experience 
    of Polish parents and carers in order to propose a set of        
    recommendations on good practice in this area.

Method
1. Focus group were run to identify the main issues related to parent experiences of genetic     
    condition diagnosis delivery.
2. An anonymous questionnaire, prepared on the basis of Focus group results and literature 
    review, was distributed among parents via genetic disease patient associations.
3. Quantitative data were analyzed using descriptive statistics. Qualitative data were                  
    analyzed using discourse analysis tools.

Responders
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Breaking the news 
How did you learn about your 
child’s genetic condition? Diagnosis discussion setting 

Were both 
parents invited 
to participate? 

• 88% of respondents 
declared that they 
preferred  both 
parents to be present 
at the time of 
diagnosis delivery. 
 Was the diagnosis 
explained in a clear 

way? 

• 70% declared patient 
associations and ther 
parents proved to be the 
most useful sources of 
information on their 
child’s condition in the 
months following 
diagnosis  

• Only 5 (!) responders  
regarded doctors or 
other medical 
professionals as the most 
useful source of 
information 

Breaking the news

Were both parents invited to participate?
88% of respondents declared that they preferred both parents to be present at the 
time of diagnosis delivery.
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Parents’ experience 
Parents’ experience

Examples of positive interaction
•	 The tone was warm and the lanuage was easy to understand.
•	 The message was: the syndrome requires some extra effort, but you can live with it.
•	 The doctor was calm, had an information package ready for us, and encouraged us to 

ask questions.
•	 I knew what to do next in terms of care.
•	 The doctor said our baby was cute.
•	 „We are here for you and we will suport you”, the doctor said.

Examples of negative interaction
•	 „Bingo! We hit the bullseye” – the doctor expressed satisfaction with her diagnostic 

skills.
•	 The doctor asked straight away if she could take a picture of our baby that she would 

use in her future presentatons at conferences.
•	 The doctor warned at the outset that she had no more than 5 minutes for us.
•	 „It’s bad luck.”
•	 The doctor recited a litany of symptones in a disinterested tone.
•	 The doctor suggested placing our baby in a permanent care setting.
•	 „Think twice before you share this diagnosis with anyone”

Diagnosis is a point of departure
•65% of respondents were not satisfied with the information they received atthe time of 
   diagnosis.
•40% declared no information on „what to do next” was provided.

Conclusions
•	 Assuring adequate setting and time for breaking bad news is essential.
•	 Hospital setting proves more challenging for parents.
•	 Focusing solely on generic reference to symptoms characteristic for a given condition 

dehumanizes the child as it becomes an instance of a genetic condition
•	 Diagnosis delivery is a point of departure for parents; they expect guidance on next 

steps in medical care.
•	 Provision of practical „what to do next” information is as important to parents as is 

emphathetic attitude.
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MENTOR PROJECT -
summary of the three years of experience

MARSZAŁEK Przemysław1,  BORAWSKA-KOWALCZYK U.2,3, SANDS Dorota2,3 

1’Matio’ Polish Cystic Fibrosis Foundation, Kraków, Poland 
2Institute of Mother and Child, Cystic Fibrosis Department, WARSZAWA, POLAND
 3Dziekanow Lesny Hospital, Cystic Fibrosis Center, DZIEKANOW LESNY, POLAND

The diagnosis of cystic fibrosis (CF) in a child is a traumatic 
time for all parents. All hopes and plans for the future are shat-
tered in an instant. What follows is, time-consuming treatment 
regime, immeasurable responsibility, emotional distress and 
changes in family structure.  All of this could be a cause of  
feeling overwhelmed and disoriented. At this time social sup-
port is especially needed.

Objectives:
Help and support for new “CF parents” no longer then 24h 
after diagnosis.

Methods:
A. The project was the initiative of “Matio” Polish Cystic Fibrosis Foundation in collaboration   
     with the   CF Center in the Institute of Mother and Child in Warsaw. The idea was to           
     support parents of newly diagnosed children with CF by another parent of child suffering  
     from this illness.

B. The Mentor is a person who has experienced similar traumatic time during the diagnosis 
     of CF. He/she meets the family as soon as possible after the diagnosis in CF Center.

C. Two hospitals took part in the project:
	 1. Institute of Mother and Child in Warsaw  
	 2. The Independent Public Clinical Hospital no. 6 of the Medical University of Sile	
	      sia in Katowice 

Results:
• The 2 Mentors took part in the project. They had met 30 newly diagnosed families during 
    the period of 36 months.
• The Mentor provides various kind of assistance:
    Information support - educational materials “practical tips” developed by the Foundation    
    (e.g. where to buy the cheapest drugs, how to sterilize equipment, how to prepare an flat).
    Conversation - to share own experiences.
• Maintaining contact after diagnosis: Periodic telephone contact.
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Conclusion:
• Parents after the diagnosis of cystic fibrosis in a child willingly agreed to the proposal of a    
    meeting with the Mentor.
• Relations between mentors and parents are strong and continues to this day.
• Parents recall obtained assistance as very necessary, important and irreplaceable

• Project “Mentor” has been extended to the next CF Centre in Krakow. 
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Physiotherapy in Cystic 

Fibrosis

Mgr Natalia Jeneralska Centrum Leczenia Mukowiscydozy, 
Szpital w Dziekanowie Leśnym

Kierownik prof. dr hab. n. med. Dorota Sands  

There are 4 physiotherapists in The Cystic
Fibrosis Center team:

 One in the Cystic Fibrosis Clinic

 Two in a hospital ward  

 One in the exercise test lab/hospital ward

Ela

Ola

Natalia

Michał

Physiotherapy in Cystic Fibrosis

Natalia Jeneralska, Centrum Leczenia Mukowiscydozy, Szpital w Dziekanowie Leśnym
Warszava, pOLAND

„The CF Physiotherapist should be available for regular contact 
and assessment of the patient for treatment, lung function test-
ing, physical surveillance and therapy evaluation. The frequency 
of this will vary according to the patient’s age and clinical status 
but as a minimum should happen at every routine outpatient 
clinic and daily during each hospitalization (including when pa-
tients are admitted under the care of other specialists and to 
intensive care). A more extensive assessment should take place 
annually” 

European Cystic Fibrosis Society Standards of Care: Framework for the Cystic Fibro-
sis Centre, Journal of Cystic Fibrosis 13 (2014) S3–S22



143

                              Babies  

Inhalations  
 Inhalation is performed using a nebuliser with a mask

 Proper selection of an inhaler, a nebulizer and a mask

 Proper sterilization and storage of an inhalation equipment 

Airway clearance  

 Postural drainage in 4 drainage positions. About 3 minutes on 
each side with chest clapping  

Airway clearance  

 At about 3 months of age we start using PEP (Positive
Expiratory Pressure) with a mask, belts for bronchial
drainage and a rehabilitation ball 

 At about 5-6 months of age we implement Assisted 
Autogenic Drainage in a semi-recessive position or
seating on parent knees (while parent is sitting on 
rehabilitation ball, swinging and slighly jumping) with 
PEP and drainage belts 

Airway clearance  

 At about 3 months of age we start using PEP (Positive
Expiratory Pressure) with a mask, belts for bronchial
drainage and a rehabilitation ball 

 At about 5-6 months of age we implement Assisted 
Autogenic Drainage in a semi-recessive position or
seating on parent knees (while parent is sitting on 
rehabilitation ball, swinging and slighly jumping) with 
PEP and drainage belts 

•	 There are about 400 CF patients under our care
•	 About 4 weeks old (screening newborns) - to the age of 18
•	 A comprehensive physiotherapy is performed immediately after diagnosis.
•	 With the patient’s age and progress of the disease modifications are made.

Babies
Inhalations
•	 Inhalation is performed using a nebuliser with a mask
•	 Proper selection of an inhaler, a nebulizer and a mask
•	 Proper sterilization and storage of an inhalation equipment

Airway clearance
Postural drainage in 4 drainage positions. About 3 minutes on each side with chest clapping

•	 At about 3 months of age we start using PEP (Positive Expiratory Pressure) with a mask, 
belts for bronchial drainage and a rehabilitation ball

•	 At about 5 - 6 months of age we implement Assisted Autogenic Drainage in a semi-re-
cessive position or seating on parent knees (while parent is sitting on rehabilitation 
ball, swinging and slighly jumping) with PEP and drainage belts

General development exercises
•	 stimulating psychomotor development exercise (NDT- Bobath)
•	 Exercises that improve chest movement.
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Small children (1 - 3 years old) 
Inhalations
•	 Replacement of the mask on the mouthpiece and nose clip during inhalation – max. in 

3 years of age

        Small children (1-3 years old)  

Inhalations  

 Replacement of the mask on the mouthpiece 
and nose clip during inhalation – max. in 3 
years of age

Airway clearance
•	 Assisted Autogenic Drainage in different positions
•	 PEP with mouthpiece
•	 Respiratory exercises (soap bubbles, birthday trumpet, small balls, candles e.t.c.

Airway clearance  

 Assisted Autogenic Drainage in different positions

 PEP with mouthpiece 

 Respiratory exercises (soap bubbles, birthday trumpet, small 
balls, candles e.t.c. 

Physical activity
•	 General development exercises
•	 Jumping, trampoline, biking

Physical activity  

 General development exercises

  

 Jumping, trampoline, biking  

Preschool children (3 - 6 years old) 
Inhalations
•	 Mandatory passage from the mouthpiece to the mouthpiece and nose clip
•	 Proper selection of an inhaler and a compressor

         Preschool children (3-6 years old)

Inhalations  
 Mandatory passage from the mouthpiece to the mouthpiece and 

nose clip

 Proper selection of an inhaler and a compressor

 Children learning a self-made inhalation

•	 Children learning a self-made inhalation
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Airway clearance  
 Assisted Autogenic Drainage in different positions

 PEP  

 Learning the proper exercise of inhalation and exhalation, 
controlled breathing and intense exhalation

 Introducing elements of an Active Breathing Cycle

 Progressive implementation of O PEP (Oscillating Positive
Expiratory) equipment  

Airway clearance  
 Assisted Autogenic Drainage in different positions

 PEP  

 Learning the proper exercise of inhalation and exhalation, 
controlled breathing and intense exhalation

 Introducing elements of an Active Breathing Cycle

 Progressive implementation of O PEP (Oscillating Positive
Expiratory) equipment  

Airway clearance  
 Assisted Autogenic Drainage in different positions

 PEP  

 Learning the proper exercise of inhalation and exhalation, 
controlled breathing and intense exhalation

 Introducing elements of an Active Breathing Cycle

 Progressive implementation of O PEP (Oscillating Positive
Expiratory) equipment  

Airway clearance
•	 Assisted Autogenic Drainage in different positions
•	 PEP
•	 Learning the proper exercise of inhalation and exhalation, controlled breathing and 

intense exhalation
•	 Introducing elements of an Active Breathing Cycle
•	 Progressive implementation of o - PEP (Oscillating Positive Expiratory) equipment

Physical activity
•	 Corrective gymnastics
•	 General development exercises
•	 Dancing classes
•	 Biking
•	 Trampoline jumping
•	 Scooter e.t.c.

School children (7 - 13 years old)
Inhalations
•	 Self-made inhalation
•	 Learning to combine inhalation 

with drainage using:

School children (7-13 years old)

Inhalations  
 Self-made inhalation

 Learning to combine inhalation with drainage using:  

O PEP PEP

Airway clearance

•	 o - PEP

•	 PEP

Airway clearance  

 O PEP

 PEP 

 Techniques of an Active Cycle of Breathing
 Learning Autogenous Drainage (inhaling and exhaling properly) 
 Belts for bronchial drainage during the entire drainage cycle
  

•	 Techniques of an Active Cycle of Breathing
•	 Learning Autogenous Drainage (inhaling and exhaling properly)
•	 Belts for bronchial drainage during the entire drainage cycle

Physical activity as a form of drainage !!!
•	 Patients at school age often train different sports
•	 We try to put them in a daily drainage pattern.
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Teenagers (14 - 18 years old) 
Inhalations
•	 At this age, we begin to require our patients to be fully familiar with the way nebuliza-

tion is performer
•	 The equipment on which they perform inhalation
•	 Types of nebulizers
•	 How to sterilize equipment and how to perform it

Airway clearance
•	 PEP
•	 O PEP
•	 Techniques of an Active Cycle of Breathing
•	 Autogenic Drainage
•	 NonInvasive Mechanical Ventilation
•	 Alpha 300 - device for intermittent positive pressure breathing (IPPB)

Airway clearance  

 PEP 

 O PEP

 Techniques of an Active Cycle of Breathing  

 Autogenic Drainage

 NonInvasive Mechanical Ventilation

 Alpha 300 -device for intermittent positive pressure breathing
(IPPB) 

•	 Simeox - Vibrating pneumatic signal generator. Generates negative pressure (under-
pressures). Thickens and allows the secretion to remove from the airways.

Airway clearance  

 Simeox - Vibrating pneumatic signal generator. Generates
negative pressure (underpressures). Thickens and allows the 
secretion to remove from the airways. 

Physical activity as a form of drainage!
•	 Football
•	 Handball
•	 Ballet
•	 Artistic gymnastics 
•	 Swimming

•	 Horse riding
•	 Biking
•	 Running
•	 Aerobics
•	 And else

SUMMARY
•	 Propper nebulization
•	 Various forms of Airway clearance
•	 Implementation in drainage a variety of technics and mechanical equipment that 

helps to move secretions from the airways
•	 Physical activity
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Hocus Pocus Mucus
How to relieve patients from sticky mucus

Florence DANET, Muriel HAMON, PhysioAssist, FRANCE
Hughes GAUCHEZ, Respiratory Physiotherapist, FRANCE

The clearance of secretions from the lungs of patients with cystic fibrosis is an important 
component in the fight to preserve their lung function.
Different airway clearance techniques (ACT) currently exist in the market but none really 
stood out as being superior to another.
Patient preference is a key element and is driven by perceived efficacy and comfort.

What is the Simeox technology?
Simeox assists the bronchial drainage for patients suffering from chronic pulmonary disor-
ders. By a direct action on the rheology of the mucus, while the patient is passively expiring, 
Simeox liquefies and transports the mucus from the distal part of the lungs to the central 
airways.
Patient’s energy is preserved as the use of the device is done in total relaxation.  

Fundamental research on bronchial mucus rheology done in partnership with CNRS and 
Inserm have shown:
• Bronchial mucus is a thixotropic material:
	 - It can liquefy in less than 2 sec.
	 - When stimulation stops, it gets back to its initial shape in less than 2 sec.

What is the Simeox technology

2013 20152014 2016 20172012

Fundamental research on bronchial mucus rheology done 
in partnership with CNRS and Inserm

2011

Simeox Story

Proof of concept and CE 
mark clearance

Simeox device tested 
in several centers in 
France with very 
positive feedback
à More efficient 
drainage and no 
patient effort  
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What is the Simeox technology

Simeox generates successive and rapid depressions while in between going back at 
atmospheric pressure in order to prevent physiological airway collapse.

It is fundamental that the patient is trained on how to use the device by a 
physiotherapist. The use of the device is based on the Autogenic Drainage technique: 

• Quality of the inspiration (no air = no action)
• Passive expiration (sigh)
• Volume management (controlled tidal volume breathing to reach distal part 

of the lungs)
• No cough to avoid bronchi collapsus

A touchscreen interface provides real-time data to give feedback to the patient 
related to its use of the Simeox device.

• Liquification and drainage quality are dependent on:
	 - The quality of the signal
	 - The frequency of the signal
	 - The power of the intrapulmonary depression
	 - The duration of the stimulation

Simeox generates successive and rapid depressions while in between going back at
atmospheric pressure in order to prevent physiological airway collapse.
It is fundamental that the patient is trained on how to use the device by a physiotherapist. 

The use of the device is based on the Autogenic Drainage technique:
	 • Quality of the inspiration (no air = no action)
	 • Passive expiration (sigh)
	 • Volume management (controlled tidal volume breathing to reach distal part
	     of the lungs)
	 • No cough to avoid bronchi collapsus
A touchscreen interface provides real-time data to give feedback to the patient related to
its use of the Simeox device.

Since the 70’s, the clinical approach regarding the airway clearance techniques has 
evolved along with a better understanding of the lung physiology :
- Ketchup bottle
- Postural drainage
- Clapping
- ….

In 1994, the French consensus conference on 
ACTs recommends the use of expiratory flow 
modulation breathing techniques such as ACBT, 
AFE, ELPr, ELTGOL, Autogenic drainage.

Simeox Clinical Experience and Feedback
By Hughes Gauchez

Since the 70’s, the clinical approach regarding the airway clearance 
techniques has evolved along with a better understanding of the 
lung physiology :
- Ketchup bottle
- Postural drainage
- Clapping
- ….

In 1994, the French consensus conference on ACTs 
recommends the use of expiratory flow modulation 
breathing techniques such as ACBT, AFE, ELPr, ELTGOL, 
Autogenic drainage.
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Simeox Clinical Experience and Feedback
By Hughes Gauchez

MUCUS 
PREPARATION

Pulmozyme

Physical Activity

HydrationHypertonic Saline

SalbutamolSimeox Clinical Experience and Feedback
By Hughes Gauchez

MUCUS 
DRAINAGE

Correct position of the patient

Deep and homogenized inspiration targeting the impacted lung 
territories to generate alveolar pressure

Generate homogenous high speed expiratory flow to move the 
secretions with no collapse of the bronchi

No cough until the secretions are in the central airways and need 
to be expectorated

No effort from the patient, the patient is relaxed

AUTOGENIC DRAINAGE
No contra indications, no dyspnea increase, no fatigability 
increase, no worsening of the bronchial instability

Simeox Clinical Experience and Feedback
Whatever the technique utilized, a pre-requisite for a successful airway clearance session is 
the preparation of the mucus.

NO MUCUS PREPARATION = FAILED AIRWAY CLEARANCE SESSION

Main advantages/outcomes of the Simeox:

	 - Remove secretions even in difficult patients
	 - Patient does not provide any active physical effort, patient’s energy is 
	   preserved
	 - Significant reduction of the thoracic distension
	 - Patient is relaxed and feels the benefit
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Simeox Demonstration

Simeox sessions done 
by Hughes Gauchez, 
physiotherapist in 
Lille (France), with 
one of his cystic 
fibrosis patients

Simeox Demonstration

Simeox session done by Sophie 
Jacques, physiotherapist in 
Rennes (France), with one of 
her cystic fibrosis patients

Simeox Demonstration

Simeox Training
Key for success: Patients, physicians, physiotherapists
• Understand
• Know how to manage
• Adapt
• Improve autonomy
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Hughes Gauchez

President and founder of the association 

“Mucoviscidose et Kinésithérapie”,

Representative for France at the IPGCF (International 

Physiotherapy group for CF)

Rehabilitation center manager for CF France 

Autogenic Drainage instructor

Mathilde Proffit

Physiotherapist,

Pediatric CRCM « centre 

de référence et de 

compétences pour la 

mucoviscidose » Necker 

Hospital Paris

Muriel Hamon

Physiotherapist

NIV and Airway Clearance 

Specialist

‘Education Thérapeutique’ 

Instructor

Sophie Jacques  

Physiotherapist, 

President of the French 

association « mucoviscidose et 

kinésithérapie »

Training Program tailored to your needs

Theory
- Update on mucus knowledge
- Basis of airway clearance physiology
- Principles of autogenic drainage
Practice
- Simeox: principle and how to use it
- Review of patient cases
Hands-on and learning 
- The role of the physiotherapist in
coaching and supporting the patient

Training Program tailored to your needs

Theory
- Update on mucus knowledge
- Basis of airway clearance physiology
- Principles of autogenic drainage
Practice
- Simeox: principle and how to use it
- Review of patient cases
Hands-on and learning 
- The role of the physiotherapist in
coaching and supporting the patient

Training Program tailored to your needs

Theory
- Update on mucus knowledge
- Basis of airway clearance physiology
- Principles of autogenic drainage
Practice
- Simeox: principle and how to use it
- Review of patient cases
Hands-on and learning 
- The role of the physiotherapist in
coaching and supporting the patient

We offer...
	 • A training program
	 • Coaching
	 • Follow up

Training Program tailored to your needs :

Theory
- Update on mucus knowledge
- Basis of airway clearance physiology
- Principles of autogenic drainage

Practice
- Simeox: principle and how to use it
- Review of patient cases

Hands-on and learning
- The role of the physiotherapist in coaching and supporting the patient
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Cystic fibrosis is a genetic disorder caused by mutations in the cystic fibrosis transmembrane 
conductance regulator gene (CFTR) that leads to malfunctioning of a small chloride channel. 
The disease is characterized by impaired mucociliary clearance and dehydration of airway 
surface liquid. As a result, microorganisms and other materials are not efficiently removed 
from the airways. Viscous secretions and persistent respiratory infections continuously dam-
age the lung, which makes infection even more difficult to eradicate.
To treat this problem it is commonly used several inhale solutions like hypertonic saline or 
Pulmozyme, some expectoration technics and mucus clearance devices.
The cornerstone of cystic fibrosis treatment is to clear the extremely thick and sticky mucus 
from the airways.
With effective treatment it is able to prevent or decrease hyperinflation, atelectasis or the 
imbalance in ventilation moreover decrease the work of breathing. There are several airway 
clearance devices using the positive expiratory pressure with or without oscillation (Flutter, 
PEP, Acapella, Aerobica..)
A brand new equipment in this series is the Physio-Assist Simeox. The clearance session 
lasts between 20 - 30 minutes. The patient perform a set of passive and comfortable exhala-
tions. During this Simeox provides vibratory signal to the patient’s bronchial tree. This decon-
struct the mucus to liquify it and act on its thixotropy. By changing the physical properties of 
mucus, Simeox helps mobilize secretions and transport for disposal.
We have the possibility to use the Physio-Assist Simeox in Korányi Hospital on Cystic Fibrosis 
department from October 2016. Most of the cases it is used during i.v. antibiotic treatment in 
inpatient period in less cases in outpatient treatment. Till this time 25 well-trained CF adult 
patients tried Simeox. The first cases were carried done together with the control of their 
physiotherapist. It was very important to teach them to a sigh type inspiration and to the 
relaxed, passive, and long expiration. Before the expectoration with Simeox our patients did 
their inhalation treatment to prepare their airways for cleaning. In this way the procedure was 
not so tedious but comfortable. At the beginning of usage the device we need to pay attention 
to teach our patients the relaxed exhalation especially who were not expertise in autogenic 
drainage. When they were able to carry out the proper exhalation the cleaning worked much 
more efficiently. Some patient had difficulties during the first some treatment especially 
those who tried to force the evacuation of the sputum. The efficiency was the best at the pa-
tients who had a huge amount of sputum in their airways. They were able to expectorate 
more with less time. Moreover they did not feel tiredness as with other techniques. Simeox 
was very useful with patients who had extremely thick and sticky mucus and this favorable 
effect lasted for hours after the treatment. Most of our patients used this airway clearance 
technique in a half sitting body position where they were able to relax absolutely others used 
it in sitting position and a few patients were in side lying. Only two patients of our were not 
able to accept the Simeox. One of these two insist on his earlier technique the other had 
difficulties to position her language.

OUR EXPERIENCES WITH SIMEOX

PETRÓ Judit, BORKA Péter
National Koranyi Institute of Pulmonology, Department of Cystic Fibrosis, Budapest, HUNGARY

Our patients would prefer the Simeox for their everyday treatment at home and not only at 
the CF department.
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