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Abstract 

 
Since 1995, the German cystic fibrosis quality assessment project is collecting demographic 

data and outcome parameters.  It aims at developing tools for quality management. 

The basic data of 6,835 patients have been collected annually by 93 centres.  Weight for 

height and body mass index (BMI) indicated nutritional status and forced expiratory volume 

in one second (FEV1) served as the central respiratory parameter.  Data on mortality and 

survival were calculated. 

Mean age of all patients has increased from 13.9 in 1995 to 17.7 years in 2005 and the 

percentage of adult patients from 28.4 to 43.4%.  Benchmarking diagrams and centre reports 

indicated considerable differences between the centres.  Achievement of basic aims at the age 

of 6, 12 and 18 years indicated a positive development in 1995 to 2005.  Median age at death 

was 23.7 years in 2005; median cumulative survival 37.4 years.  Mortality correlated with a 

BMI below 19 kg/m2 and FEV1 below 80%. No gender gap in mortality was detected. 

�Learning from the best� is now possible.  Further improvements in the system of cystic 

fibrosis care are required: defining alarm signals for early treatment, involvement of patients 

and their families in quality management, auditing, benchmarking and in-house training.   
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Centre care and the use of national and international patient registries have become essential 

features of health care and information exchange in the field of cystic fibrosis (CF) in many 

countries [1-7]. National registries have achieved several objectives such as the collection of 

demographic data to form a basis for political action, describing the health status and 

mortality of CF patients, and comparing institutions involved in CF [2, 3, 8].  The most 

important outcome parameters used in CF in registries relate to lung function, nutritional 

information and microbiological findings (e.g., presence or absence of chronic infection by 

Pseudomonas aeruginosa).  Several of these parameters have been shown to influence the 

general outcome indicated by mortality [1, 3, 8-10]. International registries have been used to 

compare differential therapeutic patterns in different countries [11, 12]. Merging national 

registry data into an international data pool for quality assessment and improvement 

(�learning from the best�) is an option currently offered by the new European CF Registry 

organised by the European CF Society (ECFS) and Euro Care CF. 

In 1995 the German CF quality assurance (CFQA) project was initiated to build up a basic 

demographic data base towards forming a national network of CF centres, serving as a basis 

for multicentre studies and for developing tools for quality management at structure, process, 

and outcome levels [4, 13, 14].  Assessment and description of differences between centres 

and also meaningful follow-up analyses of central outcome parameters in CF are now also 

possible.  This paper aims to show that the German CF registry has evolved from a standard 

registry into an instrument of quality management.  The German CFQA project also serves as 

the backbone in supporting quality assurance  groups and a benchmark project.  Specific 

evaluations, such as the development of CF-specific percentiles for key parameters for 

nutrition and respiratory function are underway [15, 16]. 

 

METHODS 

 
Cystic fibrosis quality assurance (CFQA) project 

The CFQA project was founded in 1995.  Its overall aim is to improve the quality of life and 

survival in CF patients.  For this purpose close cooperation was required between the CF 

centres, the CFQA scientific and executive project board, the Centre for Quality and 

Management in Health Care (ZQ Hannover) and the German patients� organization 

�Mukoviszidose e.V.� [4, 14]. 

Standardized clinical records for each patient are completed on an annual basis since 1995.  

They contain the relevant clinical and laboratory data.  The list of variables that have been 
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collected since 1995 contained age, gender, genotype, FVC, FEV1, MEF25, weight, height, 

serum IgG, presence or absence of Pseudomonas aeruginosa and Burkholderia cepacia as 

well as medical complications and therapy groups with regard to antibiotic, gastrointestinal, 

nutritional and respiratory treatments [4].  In step 1, lung function, nutrition, microbiology 

data and therapy groups are evaluated (all patients).  Data taken from the routine visit near the 

patients� birthday when the patient was in a stable clinical condition were analyzed [4].  Four 

annual outpatients� contacts per year with sputum cultures and lung function taken at every 

visit are a clear CFQA requirement.  In step 2, a smaller group of patients is evaluated more 

completely and includes therapy details.  Step 2 includes 18 centres with all their 1,977 CF 

patients willing to enter all their patients� contacts.  Data collection is done electronically (CF 

ambulance system CFAS 2.4.2) by the participating CF centres.  First online plausibility 

checks are included.  Data were considered until December 31, 2005 for this paper. 

For the present paper, we mainly analyzed aggregated data from step 1.  Weight and height 

data were used to calculate the predicted percentage of weight for height (WH) in children 

and adolescents [17] and body mass index (BMI) in adults.  Patients were defined as 

malnourished if weight for height was below 90% of the predicted references for sex and 

height in children or if the BMI was below 19 kg/m2 in adults [17-19]. Pulmonary function 

was considered abnormal if forced expiratory volume in one second (FEV1) was below 80% 

of the predicted reference value [20, 21]. Further parameters of pulmonary function were 

entered into the data base but not used for the present paper.  The references were based on 

the recommendations made by the Scientific Advisory Committee of the CFQA project.  

Specific percentiles for WH, BMI and FEV1 were calculated for children and adolescents with 

CF [15]. 

 
Database and statistical analysis 

In order to guarantee data protection, each patient was assigned by a unique pseudonym.  

Written informed consent was obtained from the parents and/or patients. 

Cross-sectional and longitudinal analyses were carried out.  Patients were grouped according 

to the risk factors present, such as malnutrition, subnormal lung function and infection by 

Pseudomonas aeruginosa.  Benchmarking data were grouped with respect to centres, i.e., type 

A (1 to 49 patients) and type B (50 and more patients). 

The clinical records collected by the CF centres were sent to the ZQ (Hannover) where they 

were stored in a central data base (Microsoft Access), administered and managed.  Additional 

plausibility checks were integrated to identify and to eliminate incomplete, incorrect, 
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inconsistent and missing data as well as to avoid multiple storage of data records.  For 

detailed statistical analyses, data were transferred to the Statistical Package for Social 

Sciences (SPSS Inc., Chicago, IL, USA). For the analysis of outcome variables, values were 

defined within the targeted range of quality (WH ≥ 90%, BMI ≥ 19 kg/m2, FEV1 ≥ 80%, see 

above).  The unpaired t-test was used in comparing the groups.  The means of more than two 

different groups were compared using parametric or non-parametric analysis of variance.  The 

Chi-squared test was used to determine differences between groups with regard to the 

frequencies of certain variables.  P values below 0.05 were considered statistically significant.  

For the determination of cumulative survival, the method described by Warwick et al. [22] 

was used.  For evaluation of risk factors at the age of 18 years, the survival analysis by 

Kaplan Meier was used.  With regard to the completeness of data analyzed the rate of missing 

data was low (e.g., 0.1% for weight and height, 0.3% for bacteriology, 2,6% for FEV1 [14]). 

 

RESULTS 

 
Basic data in cystic fibrosis centres 

From 1995 to 2005, 6,835 patients were treated at 93 centres in Germany.  Only 36 of those 

treated 50 or more patients (type B).  Of the latter group, 14 treated more than 100 patients.  

39.7% of adult patients had been treated in 13 CF centres for adults.  The remaining adult 

patients were treated in paediatric or mixed CF centres.  The annual data records of 4,551 

patients were returned in 2005.  After subtracting patients who had died as well as patients 

who did not give informed consent (n = 130), the annual return rate for 2005 was 73.4%. This 

figure has improved to 83% at present by late data delivery.  Detailed analysis of late returns 

showed no difference in gender, age and case mix to the data submitted in time.  Table 1 

indicates basic data like numbers of patients and central nutritional and lung function data 

with regard to type A and B centres (no statistically significant differences found). 
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Table 1  Basic CFQA data 2005 

 Type A Type B Significance 

No. of centres 57 36  

No. of patients 
Median 
Range 

 
30 

3-48 

 
127 

50-360 

 

WH (< 18 years) 
Mean 
Standard deviation 
Median 
Range 
Patients with WH > 90% 

 
97.9% 
11.8 

97.1% 
70.5-161.5 

76% 

 
97.7% 
12.3 

96.5% 
56.0-164.4 

73% 

 
 

p = n.s. 

FEV1 (6-17 years) 
Mean 
Standard deviation 
Median 
Range 
Patients with FEV1 > 80% 

 
87.0% 
22.9 

88.7% 
27.0-159.2 

65.4% 

 
89.3% 
22.6 

92.5% 
20.1-151.4 

68.2% 

 
 

p = n.s. 

BMI (≥ 18 years)    
Mean 
Standard deviation 
Median 
Range 
Patients with BMI > 19 kg/m2 

 
20.4  
2.8  
20.1   

13.6-33.3 
69.7   

 
20.5   
2.8  
20.2   

12.5-36.9   
70.1% 

 
 

p = n.s. 

FEV1 (6-17 years) 
Mean 
Standard deviation 
Median 
Range 
Patients with FEV1 > 80% 

 
60.0% 
24.4 

58.8% 
13.9-135.0 

23.1% 

 
58.6% 
24.9 

57.5% 
17.8-138.4 

21.9% 

 
 

p = n.s. 

 

Figure 1 shows the development of mean age and the percentage of adult patients between 

1995 and 2005.  The figures are exclusively based on the annual return of data and show an 

increase in numbers in comparison to participation at the beginning of the project.  Mean age 

has increased since 1995, from 13.9 to 17.7 years, and the percentage of adult patients from 

28.4 to 43.4%.  However, these descriptive data do not indicate the specific factors that 

primarily contributed to this positive development.  A plateau has evidently been reached 

since 2004. 
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Benchmarking diagrams and centre reports, follow-up reports 

The nutritional and lung function data of the CFQA project are given as benchmarking 

diagrams. This means that each CF centre (type A, 1 to 49 patients, or type B, ≥ 50 patients) is 

represented by a bar, depending on the percentages of values reached for WH, BMI and FEV1 

(fig 2A-D; fig 3A-D).  Thus, a given CF centre can only identify their own relative position 

by an individual anonymous number exclusively known to this centre.  One specific CF centre 

which consented to this procedure has been marked in figs 2 and 3.  This analysis can also 

serve as a starting point for identifying differences in therapeutic strategies.  In addition, 

centres producing the best possible values can be identified.  It must be noted that a wide 

variability of outcome data was found in the case of smaller CF centres.  Major differences 

are evident in the benchmark diagrams.  These diagrams are part of the general annual report 

through which centre directors can only identify their own relative position.  In addition to 

this general report, an individual centre report is issued to all participants.  This enables the 

centre director to select patients with particularly remarkable results and to decide on 

individual measures. 

One way to achieve better quality management is used for long-term follow-up, in which of a 

given parameter percentages are compared as shown in table 2 for CF patients aged 6, 12 and 

18 years.  This table provides evidence that improvement was achieved across all age groups.  

However, the aims set for WH and FEV1 could not be reached whereas absence of 

Pseudomonas aeruginosa was more frequent in all age groups in 2005 as compared to 1995.  

This was probably due to earlier and more aggressive antibiotic treatment [23]. 
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Table 2   Development of clinical parameters 1995-2005 in relation to the aims set by CFQA 

CF patients, age 6 years 

Parameter* Aim Status 1995 
(n = 113) 

Status 2000 
(n = 144) 

Status 2005 
(n = 145) 

WH ≥ 95% 100% 60.2% 61.8% 56.6% 

FEV1 ≥ 80% 100% 74.7% 77.2% 80.3% 

P. aeruginosa negative 80% 56.6% 71.8% 82.8% 

CF patients, age 12 years 

Parameter Aim Status 1995 
(n = 108) 

Status 2000 
(n = 159) 

Status 2005 
(n = 180) 

WH ≥ 95% 100% 47.2% 46.5% 48.3% 

FEV1 ≥ 80% 80% 53.7% 59.7% 56.1% 

P. aeruginosa negative 60% 35.2% 51.3% 50.3% 

CF patients, age 18 years 

Parameter Aim Status 1995 
(n = 72) 

Status 2000 
(n = 125) 

Status 2005 
(n = 152) 

WH ≥ 95% 100% 45.8% 64.8% 67.8% 

FEV1 ≥ 80% 70% 22.2% 25.8% 32.5% 

P. aeruginosa negative 30% 23.6% 37.8% 39.3% 
 
* weight for height (WH) - percent predicted 

   forced expiratory volume in one second (FEV1) - percent predicted. 

 

Mortality data 

Mortality is considered the final outcome measure (fig 4A-B).  Figure 4A shows the age 

distribution of patients who died between 1995 and 2005.  From 1995 to 2005, the median age 

at death increased from 18.5 to 23.7 years.  In 2005, 17.6% of all CF patients who died 

continued to be under 18 years of age.  The rate of mortality was 1.1% for all patients 

observed in 2005.  Cumulative survival was also analysed (fig 4B).  With a confidence of 

95%, the median was at least 37.4 years in Germany.  The 95% confidence interval was 

relatively broad after 30 years of age.  The probability to reach the age of 40 was 59% with a 
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95% confidence interval of 45 to 74%.  This figure has increased gradually from 1995 to 

2005.   

Survival analysis was also done for each patient group by taking into account risk factors such 

as a BMI below 19 kg/m2, FEV1 below 80% and Pseudomonas aeruginosa infection (fig 5A-

C).  Only patients aged 17-19 years during 1995 are depicted.  The graph was based on (a) 45 

out of 112 patients with low BMI in the year 1995 who died until the end of 2005 (fig 5A), (b) 

46 patients out of 146 who had died and who had a low FEV1 (fig 5B) and (c) 44 out of 155 

patients with Pseudomonas aeruginosa infection who had died (fig 5C).  Only the risk factors 

low BMI and low FEV1 showed statistically significant differences compared to the controls 

(p < 0,01). 

 

DISCUSSION 

The German CFQA project has set up a basic CF registry with data from 6,835 patients 

treated in Germany between 1995 and 2005 [14].  These patients were treated at 93 centres 

with varying capacities.  In comparison to North American and Scandinavian countries, these 

centres are relatively small; on the other hand, cooperation and shared care became necessary 

and enhanced the project.  Our data on mean age and percentage of adult patients compare 

well  with published reports from other national registries [5-7]. Higher survival and age data 

are observable in countries which have national CF registries.  However, conclusions cannot 

yet be drawn with regard to the factors involved in this development, some of which may well 

be related to changes in CF care or therapeutic strategies.  Over the last few years, our data 

show  that age development has reached a plateau in Germany. 

Through the project descriptive information is now available on demography, diagnosis, 

genotype, social information, complications, therapy groups and decisive outcome parameters 

related to respiratory function, nutrition and microbiology.  The present study focuses on the 

following parameters: WH (predicted percentage), BMI (kg/m2), FEV1 (predicted percentage) 

and infection status regarding Pseudomonas aeruginosa (absence/presence).  These data have 

also been analyzed and serve as tools for quality management, in particular as benchmarking 

diagrams [6, 24, 25]. On grounds of consistency and long-term follow-up, WH was taken to 

indicate malnutrition in children and adolescents.  However, it must be noted that BMI is a 

more precise parameter even for younger children [15, 16, 19].  In the future, BMI based on 

percentiles for children and adolescents will be applied in the German CFQA project [13, 16, 

18, 19].  
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In the present study, differences between centres (type A, 1-49 patients; type B, ≥ 50 patients) 

are indicated by percentages of patients with WH above 90% (children), BMI above 19  

(adults) and FEV1 above 80% (figs 2 and 3).  Considerable variance was observed in 

Germany, particularly among the smaller centres.  These differences ranged from about 40 to 

100% for the rate of acceptable WH, from 20 to 100% for BMI ≥ 19 kg/m2, from 20 to 100% 

for the rate of FEV1 ≥ 80% in children and adolescents, and from below 10 to 100% in the 

percentage of FEV1 ≥ 80% in adult CF patients.  While there was no difference in case mix 

between type A and B centres in terms of age, age at diagnosis and gender, selection bias 

cannot be excluded.  An open comparison between centres can be made once a consensus is 

reached between members of the German project [14, 15].  Benchmarking diagrams are 

valuable for identifying best practice, or specific drawbacks in care centres as well as 

therapeutic strategies.  Several auditing and quality groups have been created in Germany to 

enable CF centres �to learn from the best�.  It is crucial to establish a highly-developed 

system of care promoting early and aggressive multilevel treatment as well as involving 

patients and their families in quality management programmes [11, 12, 23, 25]. 

Clearly, the ultimate outcome variable in CF is mortality.  Many factors, such as  

malnutrition, early decrease of respiratory function and chronic infection by Pseudomonas 

aeruginosa play an important role in the outcome [10, 24, 26, 27] and their influence is 

obviously interrelated [9, 13, 24, 27].  The crucial importance of follow-up during childhood 

is obviously related to the fact that this phase represents the time in which preventive 

measures can be applied and early, aggressive therapy can be initiated before irreversible 

impairment occurs.  The mortality statistics for the German CFQA project are similar to those 

of international groups. Median age at death was 23.7 years in 2005. This also applies to the 

positive trend in the follow-up of mortality rates, and cystic fibrosis is, in fact, no longer an 

important cause of death during childhood [28] also in Germany.  However, in 2005, there 

were nine CF patients under 18 years who died in this country.   

Interestingly, there was no gender gap or difference in survival curves among the female and 

male patients we studied (data not shown). The median cumulative length of survival [14, 22] 

was 37.4 years, with a relatively broad 95% confidence interval.  This compares well with 

data from France and the USA [6, 7].  Our analysis of individual factors and early predictors 

of mortality showed that BMI and FEV1 were predictive (compare [10, 16, 27, 28]).  These 

statistics are valuable in defining alarm signals for early aggressive treatment and also for 

establishing definition referral criteria for lung transplant [27]. However, it must be 

mentioned that some cases lost to follow-up in our project included patients who had not been 
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treated by CF centres prior to their death.  Thus in-depth analyses of mortality data are 

necessary, and corrections should be made where appropriate.   

Quality management is now a major tool in CF care centres [29, 30]. It is maintained by 

national registries, such as the German CFQA project, which analyze data and develop tools 

for individual centres and quality groups for the purposes of identifying best practice, learning 

from the best and continuing improvement of CF care.  In the future, the descriptive 

instruments described here should be used for the differential evaluation of CF therapy.  Many 

lessons have been learned from the CFQA project: reinforcement of centre compliance by 

direct financial support, direct benefit in quality management concerning centre reports, 

individual follow-up graphs, telephone queries, personal contact, formation of quality groups, 

the benchmarking project and last but not least the improvement of the software system used. 

Auditing and in-house training are further steps to speed up quality improvement.  The 

analysis of data could lead to the certification of CF centres as well as to the guided planning 

of structures and strategies in CF care.  It could also serve as a basis for political action in the 

health care system and for improvements in quality awareness at all levels (individual, 

centres, quality groups, political, charity institutions).  Only long-term application of quality 

management in CF shall be appropriate to improve overall coverage (now 83% for the year of 

2005).  Thus the national (CFQA project) and international cooperation contribute to the 

process of improving subspecialty health care in CF [24] in significant ways.   
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Legends to figures 

 
Figure 1   

Mean age (grey bars) and percentage of CF patients aged18 years and or above (black 

squares) annually reported to the CFQA project. 

 
 
Figure 2A-D 

Benchmarking diagrams showing percentages of patients with weight for height (WH) at 90 % 

and higher in type A centres (A) and type B centres (B) and with a body mass index (BMI) of 

19 kg/m2 and higher in type A centres (C) and type B centres (D).  One type B centre is marked 

by grey bar. 
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Figure 3A-D 

Percentages for the forced expiratory volume in one second (FEV1) at 80 % and higher in 

patients aged 6 to 17 years in type A centres (A) and type B centres (B) and in patients aged 

18 and above in type A centres (C) and type B centres (D).  One type B centre is marked by 

grey bars. 
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Figure 4A-B 

Age at death between 1995 and 2005 (left, male, n = 256; right, female, n = 251) (A). 

Cumulative survival and 95 % confidence interval in 2005 (B). 
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Figure 5A-C 

Cumulative survival (1995 - 2005) vs. age (years, horizontal  axis) in CF patients in relation 

to BMI (n = 112 + 106) (A), FEV1 (n = 146 + 65) (B)  and Pseudomonas aeruginosa (n = 155 

+ 61) (C) in 1995. 
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