
 

 

 

 

 

 

 

 

Cystic Fibrosis:  
Standards of Care  
  
 

Eitan Kerem  

Department of Pediatrics and CF Center  

Hadassah University Hospital  

Jerusalem  

Israel  

 



 



 



 



 



 







CFF Patient Registry 
Annual data report 2005 
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< 10%!  



Improved Survival with Treatment Innovation  
Incremental Modest Benefits  
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      Advances in therapy have been incremental  
Å  Individual benefit is modest  but cumulative  
Å  Life expectancy greatly increased  
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The 10 golden rules of CF care 

Å Maintain good nutrition  

Å Daily chest physiotherapy  

Å Pharmacological enhancement of mucociliary clearance  

Å Avoid pseudomonas infection  

Å Early diagnosis and prevention of non -apparent lung damage  

Å Early and aggressive antibiotic therapy  of respiratory infection  

Å Anti - inflammatory therapy  

Å Identify and treat complications  

Å Centered care with regular and frequent routine evaluation  

Å Strict adherence  



Causes of malnutrition in CF 
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Risk of Malnutrition:    BMI 
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Daily chest physiotherapy 

Physiotherapy to improve airway clearance is considered an 
integral component of the management of CF 

 

Several mechanical devices and airway clearance techniques 
were developed: autogenic drainage, positive expiratory pressure 
(PEP) masks, flutter and acapella 

 

 

 

 

 
Hess, Res Care 2001 

 



Physiotherapy 

Retained purulent secretions have etiologic role in 
airway disease 

 

Variety of techniques: 

ςPostural drainage and percussion (CPPT) 

ςPercussive vest 

ςAirway maneuvers (PEP) 

ςFlutter valves / airway occlusion devices (AOD) 

ςAerobic exercise 



ωPhysiotherapy routinely used: 1-3 times daily 

 

ςMeta analysis 35 studies:  

ωPT better than no PT for clearance 

ωNo long term evidence of therapeutic effect 

ωNo evidence one technique superior to others 
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Hypertonic saline (7%) 

Hyperosmolar agent, induce osmotic flow of water into the 

mucus layer, thereby rehydrating secretions 

 

Improve mucus rheology and transportability of sputum 

 

Improve mucociliary clearance and lung function 

 

 
 

 

 

King 1997;  Wills 1997; Eng 1996; Robinson 1997; Ballmann, 2002; Elkins, et al. N Engl J Med. 2006; Donaldson, et al. N 

Engl J Med. 2006 

 

 

 



Inhaled Hypertonic (7%) Saline 

Elkins et al. NEJM, 2006 354(3):229-40 

ω 7% inhaled BID following albuterol pretx 
x 48 wks 

ω 162 subjects, Age >6, with FEV1 > 40% 

70 mL increase in FEV1 (p>0.05), 
composite p<0.05 



Hypertonic saline (7%) 

May reduce bacterial load 

 

It is effective and safe also in young children 

 

Reduce exacerbation rate in patients with CF 

 

 
King 1997;  Wills 1997; Eng 1996; Robinson 1997; Ballmann, 2002, Wark Cochrane Database Syst Rev 2009 

 

 



*P<0.001 to control 
ÀP=0.47 to CF infant  

 

Evidence of Increased DNA Content in CF BALF 

Age Range 
Controls (3 to 30 months) 
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Adapted from Kirchner et al. AJRCCM 1996  

BALF Neutrophil Count and DNA Levels 
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Neutrophil Death in CF Lung Disease 

Neutrophil Releasing Enzymes                Neutrophil Releasing DNA 
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Effects of recombinant human DNase on FEV1 

Shah et al; Eur Respir J 1995; 8;954-958 
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Effects of recombinant human DNase on FVC 

Shah et al; Eur Respir J 1995; 8;954-958 
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Early intervention study 
Age 6-10 years, FVC ² 85% predicted (FEV1 % Predicted) 
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Respiratory Tract Exacerbations -  
Time to First Event 
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32- Jones AP et al, Cochrane Database Syst Rev 2010 

33- Konstan MW et al, Pediatr Pulmonol 2011 

34- Nash E et al, Cochrane Database Syst Rev 2009 Smyth et al, Journal of CF 2014 
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Stamer et al. Ann Intern Med 2005 
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Rates of chronic P. aeruginosa  

ECFS Patient Registry 
Kerem et al. ERJ 2013 



P. Aeruginosa  
P. aeruginosa  

Kerem et al. ERJ 2013 



P. Aeruginosa +ve  
P. Aeruginosa - ve 

Kerem et al. ERJ 2013 



Ways to reach adulthood without Pseudomonas 

ÅAvoid infection 

ïMost infections are acquired in the community 

ïAvoid cross infection inside and outside the clinic 

ïHand washing 

ÅFrequent surveillance 

ÅEradication of first isolation 

ÅSuppression of chronic infection 



We cannot avoid germs 

 
 

However, there are ways 

 to lower  the risk of 

catching and spreading germs 





Bacteria and viruses that cause respiratory infections 
can spread from one person to another 

 

by contact                              in a droplet 



PREVENT INFECTIONS 

ω 5ƻ ƘŀƴŘ ƘȅƎƛŜƴŜ 

ω YŜŜǇ ǾŀŎŎƛƴŀǘƛƻƴǎ ǳǇ-to-date 

ω ¦ǎŜ ŀƴŘ ǘƘǊƻǿ ŀǿŀȅ ǘƛǎǎǳŜǎ 

ω /ƭŜŀƴ ŀƴŘ ŘƛǎƛƴŦŜŎǘ ƴŜōǳƭƛȊŜǊǎ 

ω !ǾƻƛŘ ǇŜƻǇƭŜ ǿƘƻ ŀǊŜ ǎƛŎƪ 

ω 5ƻ ƴƻǘ ǎƘŀǊŜ ŜŀǘƛƴƎ ǳǘŜƴǎƛƭǎ ƻǊ ŎǳǇǎ 



WHEN TO CLEAN YOUR HANDS 

 

ω !ǘ ŀ ŘƻŎǘƻǊΩǎ ƻŦŦƛŎŜΣ ƛƴ ǘƘŜ ǿŀƛǘƛƴƎ ǊƻƻƳ 

ω !ŦǘŜǊ ŎƻǳƎƘƛƴƎΣ ǎƴŜŜȊƛƴƎ ŀƴŘ ƴƻǎŜ ōƭƻǿƛƴƎΤ 

ω !ŦǘŜǊ ǳǎƛƴƎ ŀǳǘƻƳŀǘŜŘ ǘŜƭƭŜǊ ƳŀŎƘƛƴŜǎ ό!¢aǎύΣ 
handrails, elevator buttons, public 
telephones, countertop pens and grocery 
carts 

ω !ǘ ǎƘŀǊŜŘ Ǉƭŀȅ ŀǊŜŀǎ ŀƴŘ ƎȅƳƴŀǎƛǳƳǎΦ 



Preventing Germs in Public 

ω /ƭŜŀƴ ȅƻǳǊ ƘŀƴŘǎ ƻŦǘŜƴΦ 

ω {ǘŀȅ ŀǘ ƭŜŀǎǘ ǘƘǊŜŜ ŦŜŜǘ ŀǿŀȅ ŦǊƻƳ ƻǘƘŜǊǎ ǿƛǘƘ /CΦ 

ω ¦ǎŜ ŀƴŘ ǘƘǊƻǿ ŀǿŀȅ ǘƛǎǎǳŜǎ ǿƘŜƴ ŎƻǳƎƘƛƴƎΣ ǎƴŜŜȊƛƴƎ 
and blowing your nose. 

ω !ǾƻƛŘ Ƙƻǘ ǘǳōǎ ŀƴŘ ǎǇŀǎΦ 

ω !ǾƻƛŘ /C-specific camps. 

ω 5ƻƴΩǘ ōŜ ǿƛǘƘ ƻǘƘŜǊǎ ǿƛǘƘ /C ƛƴ ŜƴŎƭƻǎŜŘ ƻǊ ǇƻƻǊƭȅ 
ventilated spaces like small rooms, hotel rooms, or 
cars 



Infection control 





Patient segregation 

ÅFully indicated 

ïB. cepaecia 

ïMRSA 

 

ÅRelatively indicated 

ïP. aeruginosa 

 



Segregation reduced acquisition  
of mucoid P. aeruginosa 



Clinical aspects of pseudomonas infections 

ÅAvoid infection 

ïMost infections are acquired in the community 

ïAvoid cross infection inside and outside the clinic 

ïHand washing 

ÅFrequent surveillance 

ÅEradication of first isolation 

ÅSuppression of chronic infection 



Høiby et al. JCF 2005 



Ratjen et al. Thorax 2010  

The EarLy Inhaled Tobramycin for Eradication  
(ELITE) study 



Time to recurrence of P. aeruginosa 

Ratjen et al. Thorax 2010  



New P. aeruginosa isolation 

 N=130 

Eradication Failure 
N=26 (20%) 

 Study Population 

CF patients 
N=465 

Excluded 
N= 335 

ÁChronic PA 

ÁNever had PA  



 

Factors associated with failure to eradicate PA 

 

Later age of CF diagnosis 

Less visits to the CF Center 

No treatment with HS  

Multi/ Pan-resistant PA 

PA colonization in the past 

Air trapping in HRCT 

 

 



Clinical aspects of pseudomonas infections 

ÅAvoid infection 

ïMost infections are acquired in the community 

ïAvoid cross infection inside and outside the clinic 

ïHand washing 

ÅFrequent surveillance 

ÅEradication of first isolation 

ÅSuppression of chronic infection 



 



From planktonic form to biofilms 



Chronic P aeruginosa colonization 
Predicts Poor Survival in CF 

Henry RL, et al. Pediatr Pulmonol, 1992 ;  
Mar; 12(3): 158 - 61.  
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Antibiotic Therapy 

ωGuided by culture data 

ςSputum culture (for CF organisms) 

ωRecommended frequently (at every clinic visit) 

 + with exacerbations 

 

ωOral Therapy 

ςCriteria: 

ωMild exacerbation 

ωSensitive organism 

ς Treat 14-21 days 

Staph aureusΥ ŘƻȄȅŎȅŎƭƛƴŜΣ ƳŀŎǊƻƭƛŘŜΣ ŀƳƻȄκŎƭŀǾǳƭŀƴŀǘŜΧ 

P aeruginosa: FQ +/- inhaled tobramycin or colistin 



Inpatient Antibiotic Therapy 

ω IV Therapy 

ςCriteria: 

ωSevere exacerbation 

ωResistant bacteria 

ωFailed oral therapy 

ς Treat 10-21 days 

ω 2 agents based on sputum culture data 

ςRCT: PCN + Tobra vs. PCN + Placebo 

ωDecreased rate of readmission with Tobra 

ςRCT: 3rd agent offered no additional benefit 

ς RCT: culture guided therapy of questionable benefit 

ω Multidrug resistance PSA: 

ς Synergy studies available but questionable 

Smith AL; et al. Pediatr 1999 Aaron SD et al.Lancet 2005 Blumer JL et al. Chest. 2005 



Ramsey et al. NEJM 340(1):23-30, 1999 

Moss, R. B. Chest 2002;121:55-63 

TOBI: Phase III 
 

ω520 Patients randomized 

ω300 mg BID nebulized 

ω3 ς 4 week tx periods  

ω+10 % vs. ς2% change in         FEV1 

ω 26% reduction in  hospitalizations 

 

2 year f/u trial: in adolescents showed 
similar results:  14.2% relative change in 
FEV1 



Effect of Inhaled Tobramycin  
on Time to Exacerbation 

Time to first event (weeks) 
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Tobramycin Phase III2 

 

Tobramycin - US Mild CF Study1 

P = .020 

1Murphy TD, et al. Pediatr Pulmonol. 38(4):314-20, 2004  
2Ramsey B, et al. NEJM 340(1):23-30, 1999 



The 10 golden rules of CF care 

Å Maintain good nutrition  

Å Daily chest physiotherapy  

Å Pharmacological enhancement of mucociliary clearance  

Å Avoid pseudomonas infection  

Å Early and aggressive antibiotic therapy  of respiratory infection  

Å Early diagnosis and prevention of non -apparent lung damage  

Å Anti - inflammatory therapy  

Å Identify and treat complications  

Å Centered care  with regular and frequent routine evaluation  

Å Strict adherence  

 



HRCT images before and after i.v. antibiotic therapy 

Before After 

Davis et al. AJRCCM 2007 
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HRCT images before and after i.v. antibiotic therapy 

Before After 

Davis et al. AJRCCM 2007 
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Improvement - but not disappeared  

Before 

After 



Total HRCT scores before and after i.v. therapy 

Davis et al. AJRCCM 2007 



Acute exacerbation 

ωEarly aggressive treatment of pulmonary exacerbations 
improve the longer term clinical outcome 

 

ωDefinitions are based on subjective clinical assessment of the 
/C ǇƘȅǎƛŎƛŀƴǎ ŀƴŘ ŀǊŜ ŘŜŦƛƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ΨŦŜŜƭƛƴƎΩ ŀǎ 
severe or mild 

ςNo uniform definition 

ςNo validation of proposed definitions 

 

 

 







The signs and symptoms that are most 
predictive of a pulmonary exacerbation 

 

ςIncreased Cough 

ςChange in sputum (volume or consistency) 

ςDyspnea 

ςAnorexia or weight loss 

ςDecreased energy level 

ςFever  

ςchange in respiratory examination and respiratory rate 

ςDecreases in spirometric parameters. 

 



The 10 golden rules of CF care 
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Å Pharmacological enhancement of mucociliary clearance  

Å Avoid pseudomonas infection  

Å Early and aggressive antibiotic therapy  of respiratory infection  

Å Early diagnosis and prevention of non -apparent lung damage  

Å Anti - inflammatory therapy  
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Å Centered care  with regular and frequent routine evaluation  
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Dissociation between structure 
and function 

 

Lung function   
FEV1 - 99% 
FVC  - 92%  
FEV1/FVC - 90%  
FEF25-75 - 95% 

 

Boy 13 years  


