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A b s t r a c t .  A modified Chrispin-Norman score was 
used to investigate at what age typical X-ray signs of  
cystic fibrosis (CF) appear  and for the follow-up of  
patients with CF. Scores of  patients with chronic ob- 
structive lung disease (COLD) and with innocent  
heart  murmurs  were used for comparison. The find- 
ings were: 1. Hyperinflat ion and line shadows are ear- 
ly but  not specific symptoms of  CF. 2. Mottled and 
ring shadows can be considered as specific for CF. In 
most patients they only appear  after the age of  3. They 
are never present in COLD.  3. The mean annual in- 
crease between the ages of  3-8 is 2 points. No differ- 
ence existed between boys and girls in total scores and 
annual increase Up to the age of  puberty. 4. CF pa- 
tients with portal hypertension have the same scores 
as CF  patients without portal hypertension. 

K e y  w o r d s :  Cystic fibrosis - X - r a y  - P r o g r e s s i o n  - 

Follow-up 

The prognosis of  cystic fibrosis (CF) has improved in 
the last decades and survival rates are increasing with 
modern  therapy [1]. As a result we are now able to fol- 
low patients up over longer periods. During this fol- 
low-up methods are needed by which the condition of  
the patient can be assessed. 

Shwachman [2] in 1958 was the first who deter- 
mined the severity of  the disease in individual patients 
in a quantitative manner,  in order  to compare  the re- 
sults of  different therapeutic regimens [3-5]. He ap- 
plied a numerical score for both clinical data (general 
activity, physical examination and nutrition) and X- 
ray findings. 

Cooperman  [6] proposed a scoring system analo- 
gous to the Apgar score for the newborn,  in which at- 
tention was given to complications like portal  hyper- 
tension and cor pulmonale.  

In 1974 Chrispin and Norman  [7] described a 
scoring system for chest radiographs (C-N score). At- 

tention was given to five roentgen signs, reflecting 
various pathological processes in the lung. Matthews 
et al. [8] reported a good correlation between the X- 
ray scores obtained in this way and pulmonary  func- 
tion tests. The C-N scoring system is used in a cooper- 
ative prospective study in Europe on the effect of  con- 
t inuous versus intermittent antibiotic treatment. 

The purpose of  this study was twofold:  
1. To investigate at what age typical signi of  CF ap- 

pear  on the chest radiographs in young children. 
2. To compare  the C-N score at various ages in pa- 

tients with CF, chronic (recurrent) obstructive lung 
disease (COLD) (i. e. asthma, asthmatic bronchitis) 
and children without respiratory disease in whom a 
chest X-ray was done because of  a heart murmur.  

We found that in most children after the age of  
3 years X-ray findings in CF  could be differentiated 
from those in COLD.  After that age the scoring sys- 
tem seemed valuable during the follow-up of  patients 
with CF. 

M a t e r i a l  a n d  M e t h o d s  

311 chest radiographs of 90 patients with a proven CF (48 males 
and 42 females) were studied. The X-rays taken were at approxi- 
mately yearly intervals. From the first 2 years of life however, 2 or 
even 3 X-rays were chosen. All patients were treated in the Dept. of 
Respiratory Diseases of the Sophia Children's Hospital. The ages 
of the patients on admission ranged from 0 to 17 years, with a peak 
in the first year. The follow-up period showed much variation. In 
42 patients it was either 1 or 2 years. In 20, the follow-up period was 
3 or 4 years. In 24 the follow-up was 5, 6 or 7 years and in 4 patients 
X-rays were available over a longer period. 

In the assessment of the chest X-rays we used the scoring system 
as described by Chrispin and Norman [71, with a small modification 
that adds four points at the most to the original score. The total 
score (s)is the algebraic sum of the partial scores, assigned for the 
configuration that is typical for hyperinflation (a), bronchial line 
shadows (b), mottled shadows (c), ring shadows (d), large shadows 
(e) and in addition to the original C-N score for enlarged hilar 
shadows (e J), according to the following simple formula: s = a + b 
+ c + d + e + e 1. In this formula the score a (hyperinflation) is 
again composed of 3 partial scores, i.e. sternal bowing (at), dia- 
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Fig. 1-1. Patient A, lateral chest X-ray. A 4-year-olcl child with cystic fibrosis. Hyperinflation is illustrated by sternal bowing (al), 
diaphragmatic depression (a2) and thoracic kyphosis (a3) 

Fig. 1-2. Patient A, p. a. chest X-ray. Bronchial line shadows (b) are seen in a hyperinflated chest 

Fig. 1-3. Patient B, a young adult with cystic fibrosis. The lateral view shows signs of hyperinflation and also mottled shadows (c) and ring 
shadows (d) 

Fig. 1-4. Patient B, p. a. chest X-ray. Enlarged hilar shadows (e 1) are present with typical ring shadows (d) 

phragmatic depression (a2) and thoracic kyphosis (a3). (a = al + a2 
+ a3) (Fig. 1 a). Twenty patients with COLD, with a history of 
cough and wheezing at least once a month, in whom at least three 
X-rays were made with an interval of 1 year or more, were selected 
for comparison and the same scoring system was applied to their X- 

rays. It appeared that no patients above the age of 10 were available 
with three successive X-rays. 

In order to obtain chest X-rays of children without respiratory 
disease we collected the films of a group of 20 individuals aged 1 to 
12 years, in whom a chest X-ray was done because of a heart mur- 
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Fig. 2-1. Scores in 13 patients with an early diagnosis (before I year of  age) of  cystic fibrosis, followed up for 5 years or more 

Fig. 2-2. Sum of  the partial scores a and b (for hyperinflation and bronchial lines) in the same patient group (a + b) 

Fig. 2-3. Sum o f  the partial scores c and d ( fo r  mottled and ring shadows),  in the same patient group (c + d) 

Fig. 2-4. Early diagnosis group. Areas of  total scores compared with areas of  partial scores (a + b) and (c + d) known from Figs. 2-1,2-2 and 
2-3 
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mur that later turned out to be innocent. In this group - as was to be 
expected - the score was always zero. All X-rays were scored by the 
radiologists M. M. and D. D. 

Results 

The earliest signs of cystic fibrosis on the chest X-ray are hyperin- 
flation (a) and bronchial lines (b) (Figs. 1). These signs are not spe- 
cific, since they also occur in severe cases of COLD. A striking fact 
is that mottled shadows (c) or ring shadows (d) are hardly seen be- 
fore the age of 3. Once they can be recognized, it is possible to make 
a certain diagnosis of CF (Figs. 1-3 and 1-4). In infants with CF 
sternal bowing (al) and diaphragmatic depression (a2) mostly occur 
together and are as frequent as in the higher age groups. In the first 
and second year of life only a land a2 were seen, but later also tho- 
racic kyphosis (as) occurs. The scores for aj and a2 showed aternpo- 
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Fig. 3. Total scores of 20 patients with COLD 
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rary small regression (by one or two points) in only four out of 
19 children. Thoracic kyphosis (a3) never showed any regression. 
This indicates that the individual pattern of hyperventilation signs, 
once established, remains more or less constant. 

Fig.2-1 shows the total scores of all children known from the 
first year of life to have CF. For each individual the scores at differ- 
ent ages are plotted and interconnected with lines. There is an obvi- 
ous tendency to increase with each year, but within a certain range. 
Between 0 to 3 years of age the scores are rather low (0-15 points). 
Thereafter the scores gradually increase with 0 to 4 points per year, 
with a mean of two points per year. If the increase is more or less lin- 
ear the score will come near to 30 points at the age of 12. 

In Fig. 2-2 the partial scores are graphed for hyperinflation (a) 
and bronchial lines (b). This figure is very similar to the graph of the 
children with COLD (Fig.3) in whom the scores are also mainly 
due to hyperinfiation of the chest and to bronchial lines. 

In Fig. 2-3 the scores for mottled shadows (c) and ring shadows 
(d) are shown. The figure illustrates that in most children, but only 
from about 3 years of age, specific roentgenologic signs of the dis- 
ease - mottling and ring shadows - can be expected to be present. 
At this age the median value of the partial scores for these specific 
lesions has come to a value of two points. 

In Fig. 2-4 the areas of Fig. 2-2 and 2-3 are compared. One may 
consider the total score to be built up from two main components, 
the one beginning at a higher level but with a slower increase 
(a + b) and the other starting at zero but increasing faster with age 
(c + a). 

In Fig.3 the scores of the children with COLD are shown. It is 
important to notice that no mottled or ring shadows are present in 
this group. This explains that the total scores are lower than in CF 
and that the partial scores for hyperinflation are identical to the to- 
tal scores. Some hilar enlargement is found in most patients. The 
scores have a tendency to increase with age (1 or 2 points per year) 
but do not become as high as in CF. The maximal score was 13 
points. 

Fig.4-1 shows the scores of the children known from the sec- 
ond year of life on or later to have CF. Only this group contains in- 
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Fig.4-1. Late diagnosis group. Scores of patients, who were followed up over 5 years or more. There appears to be a strikingly high range in 
the scores of this group 

Fig.4--2. Areas are delineated of patients from the early diagnosis group (Fig. 2-1), compared to patients with COLD (Fig. 3-1) and patients 
from the late diagnosis group (Fig. 4-1) 
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dividuals up to 20 years of age and more. The range of scores is very 
large and the uniformity in annual increase seems to be less than in 
the previous group of children with CF. It is very hard to draw con- 
clusions from these data which are derived from a probably very in- 
homogeneous population. 

In Fig. 4-2 the areas are delineated of the three groups of pa- 
tients, the early diagnosis CF group, the late diagnosis CF group 
and the COLD group. In the reference group of "normal" chest 
X-rays the scores were all zero, as mentioned above. 

There were no significant differences between boys and girls in 
age distribution, scores or annual increase in scores (Wilcoxon two 
sample test). It has been mentioned that in CF a predilection exists 
for the upper quadrants. We therefore compared the frequency of 
abnormalities in upper and lower quadrants: 34 out of 80 patients 
without portal hypertension had more changes in the upper than in 
the lower quadrants; in 22 the distribution was equal and in 24 
more changes were found in the lower quadrants. The differences 
between these groups are not statistically significant (rank sign 
test). The ten patients with CF and portal hypertension diagnosed 
because of an enlarged spleen and esophageal varices, were com- 
parable to the whole population of patients in regard to age and 
scores (rank sign test). Three had more changes in the upper qua- 
drants, in two the changes in both quadrants were equal and in five 
the lower quadrants were more affected. 

Discussion 

Bronchial line shadows and hyperinflation of the 
lungs are not specific for CF. They can be regarded as 
early signs of bronchial disease of various causes. The 
scores in the population of patients in whom the diag- 
nosis CF was made in the first year of life behave dif- 
ferently from the scores in the group of CF patients in 
whom the diagnosis was made after this age. This may 
indicate that these two groups contain patients with a 
difference in severity of CF. However, the overlap be- 
tween the groups is large. 

Looking at X-rays of the same CF patient, differ- 
ences in the consecutive pictures and variations in the 
corresponding scores can be noticed. It is very likely 
that these represent variations in the general condi- 
tion. It has been noticed that mottled shadows can 
change into ring shadows when the condition of the 
patient improves, for instance after a period of inten- 
sive treatment. At the same time signs of hyperinfla- 
tion tend to diminish. As a result the total score will be 
lower. The reverse happens, if the general condition 
deteriorates. This results in the individual scores hav- 
ing a range, which reflects changes in general condi- 
tion. After the age of 2 or 3 years the progression is ap- 
proximately linear in most patients. 

Girls often die from CF at an earlier age than boys. 
It could therefore be expected that differences would 
exist in scores and annual increase in scores between 
boys and girls. However no such differences were 
found up to the age of puberty. The number of obser- 
vations at later ages was insufficient to examine this. 

Enlarged hilar shadows may result from pulmo- 
nary hypertension, in which case they are an ominous 
sign in a terminal stage. More often, however, en- 
larged hilar shadows are a sign of lymphadenopathy, 

occuring in CF with recurrent and long-standing 
respiratory infections. 

It may well be that the use of a score restricted to 
the presence of severity of mottled and ring shadows 
without the contribution of hyperinflation and line 
shadows is as useful as the present score for the fol- 
low-up of CF patients. 

Conclusions 

1. Hyperinflation and line shadows are early but not 
specific signs of CF. Sternal bowing is generally the 
first symptom of hyperinflation. Signs of hyperin- 
flation seldom show regression. 

2. Ring and mottled shadows are specific for CF and 
are not present before the age of 3 years in most pa- 
tients. They are never present in COLD. 

3. Between 3 and 8 years of age the mean annual in- 
crease is about two points. After the age of  9 the an- 
nual increase shows large differences, leading to 
scores with an increasingly high range. 

4. Boys and girls have the same total scores and annu- 
al increases up to the age of puberty. 

5. Scores from CF patients with and without portal 
hypertension are similar. In the latter patients we 
found a slight predilection for predominating le- 
sions in the lower quadrants. 
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