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Comparison among pulmonary function test results,
the Shwachman-Kulczycki score and the Brasfield
score in patients with cystic fibrosis®

Comparacéo entre provas de funcdo pulmonar, escore de Shwachman-Kulczycki
e escore de Brasfield em pacientes com fibrose cistica

lvanice Duarte Freire!, Fernando Antonio de Abreu e Silva?, Manuel Ange]o de Araujo’

Abstract

Objective: To study correlations among pulmonary function, chest radiology and clinical status in cystic fibrosis. Methods: A retrospective
cross-sectional study was performed to evaluate chest X-rays and clinical charts of patients treated at the Hospital de Clinicas de Porto
Alegre. Spirometry findings, Shwachman-Kulczycki (S-K) scores and Brasfield scores were analyzed. Results: The final sample consisted
of 40 patients (mean age 9.72 £ 3.27). The following mean S-K scores were obtained: total, 80.87 + 10.24; general activity, 24.75 £ 1.1;
physical examination, 18.87 £ 4.59; nutrition, 21.87 £ 4.18; radiology, 15.37 £ 5.23. The mean Brasfield score was 18.2 £ 4. The pulmonary
function test results, in percentage of predicted, were as follows: forced vital capacity (FVC), 82.99 + 14.36%; forced expiratory volume
in one second (FEV,), 83.62 % 18.26%; and forced expiratory flow between 25 and 75% of FVC (FEF,, ,,), 74.63 £ 2.53%. The S-K score
correlated moderately with FVC, whereas it correlated strongly with FEV, and FEF,, .. The Brasfield score correlated strongly with the S-K
total and radiology score, whereas it correlated moderately with pulmonary function. Physical examination correlated moderately with FVC,
FEV, and FEF, ; as did nutrition with FEF,, _ ; and radiology with FEV, and FEF, .. General activity was the domain that had the greatest
influence on the total S-K score. Conclusions: These two scoring systems are complementary, correlating with each other, as well as with
pulmonary function tests. The radiology domain of the S-K scoring system is a good alternative to the Brasfield score.

Keywords: Cystic fibrosis; Spirometry; Lung/radiography.

Resumo

Objetivo: Estudar as relacdes entre fungdo pulmonar, radiologia de térax e estado clinico em fibrose cistica. Métodos: Em estudo trans-
versal e retrospectivo, analisaram-se prontudrios e radiografias de pacientes do Hospital de Clinicas de Porto Alegre. Foram estudados as
espirometrias e os escores de Shwachman-Kulczycki (S-K) e de Brasfield. Resultados: A amostra final constituiu-se de 40 pacientes com
média de idade de 9,72 + 3,27. Foram obtidas as seguintes médias dos escores de S-K: total, 80,87 £ 10,24; atividade geral, 24,75 + 1,1;
exame fisico, 18,87 £ 4,59; nutri¢do, 21,87 £ 4,18; e radiologia, 15,37 £ 5,23. A média do escore de Brasfield foi de 18,2 £ 4. As médias das
varidveis espirométricas foram, em porcentagem do previsto: capacidade vital forcada (CVF), 82,99 + 14,36%; volume expiratdrio for¢ado
no primeiro segundo (VEF ), 83,62 + 18,26%); e fluxo expiratério forcado entre 25 e 75% da CVF (FEF,, ), 74,63 * 2,53%. O escore de S-K
correlacionou-se moderadamente com a CVF e fortemente com VEF, e FEF,, .. O escore de Brasfield correlacionou-se fortemente com o
escore de S-K total e da radiologia, e moderadamente com a funcdo pulmonar. O escore do exame fisico correlacionou-se moderadamente
com CVF, VEF, e FEF,, . bem como o da nutri¢do com FEF,, . e o da radiologia com VEF, e FEF , .. A atividade geral foi a categoria que
mais contribuiu para a pontuacéo total do S-K. Conclusdes: Esses escores utilizados para a monitorizagdo da fibrose cistica sdo complemen-
tares, correlacionando-se entre si e com as provas funcionais. A categoria radiologia do escore de S-K ¢ um bom substituto para o escore
de Brasfield.

Descritores: Fibrose cistica; Espirometria; Pulmio/radiografia.

Introduction

Cystic fibrosis is the most common of the lethal genetic acid protein known as the cystic fibrosis transmembrane
diseases in the Caucasian population, and the reported inci- regulator (CFTR) protein, located in the submucosal
dence is 1:2500 births." Tts gene encodes a 1480-amino glands of the tracheobronchial tree, the pancreatic ducts,
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the hepatic ducts, the intestinal crypts, the renal
tubes, the genitourinary system and the sweat
glands.”? The CFTR protein has multiple functions,
which are only partially known. A mutation in the
gene results in a modification in the structure of the
protein, and over 1500 different mutations® have
been determined to date. Dysfunction of the CFTR
protein leads to a disturbance in chloride transport
through the epithelium, resulting in dehydration
of the mucosal surfaces with the formation of
dense mucus which favors the advent of infections,
resulting in progressive loss of pulmonary function.
Pulmonary involvement is responsible for over two
thirds of all cystic fibrosis-related deaths.®
Radiological featuressuch ashyperinflation, bron-
chial thickening, mucoid impaction, bronchiectasis
and atelectasis appear early.®) Function tests are
characterized by an increase in total lung capacity,
functional residual capacity and residual volume,

Table 1 - Shwachman-Kulczyki score.
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in addition to early involvement of the distal flows
and the presence of bronchial hyperreactivity.©® The
principal confirmation test is the sweat test, and
two tests with chloride tests are necessary, each
with >60 mEq/L (for children) or >80 mEq/L (for
adults).” In genetic analysis, the identification of
two gene mutations confirms the diagnosis, but its
absence does not rule it out. Treatment is based on
the use of antibiotics, fluidification of pulmonary
secretion, respiratory therapy, pancreatic supple-
mentation and maintaining adequate nutritional
status, thus increasing the survival of these patients
considerably.®

Disease progression is assessed through pulmo-
nary function tests of forced vital capacity (FVC),
forced expiratory volume in one second (FEV,)
and forced expiratory flow between 25 and 75%
of FVC (FEF,, ), the last presenting the earliest
alterations,® as well as through imaging and collec-

Score  Points General activity Physical examination Nutrition Radiological findings
Excellent 25  Full normal activity. Normal. No cough. Normal Weight and height  Clear lung fields.
(86-100) Plays, plays ball. HR and RR. Clear lungs. above the 25th

Goes to school Good posture. percentile. Normal
regularly, etc. stool. Good muscle
mass and tone.
Good 20  lrritability. Tires at ~ Normal HR and RR at rest. Weight and height ~ Minimal accentuation
(71-85) end of day. Good Rare cough. Clear lungs. 5-20th percen- of bronchovascular
school attendance ~ Minimal emphysema. tile. Stool slightly markings. Mild
abnormal. emphysema
Average 15 Needs to rest during Occasional cough, some-  Weight and height Moderate
(56-70) the day. Tires easily  times in the morning. above 3rd percen-  emphysema. Increased
after exertion. Fair  Slightly increased RR. tile. Abnormal bronchovascular
school attendance. ~ Medium emphysema. Mild stool, poorly markings.
clubbing. formed. Abdominal
distension. Muscle
hypotrophy.
Poor 10  Dyspnea after short Frequent, productive Weight and height Moderate emphysema.
(41-55) walks. Rests cough, chest retraction. below 3rd percen-  Areas of atelectasis.
frequently. Moderate emphysema. tile. Abnormal stool. Areas of mild infec-
May have chest deformi-  Marked reduction  tion. Bronchiectasis.
ties. Clubbing 2 to 3+. of muscle mass.
Severe 5 Orthopnea. Severe coughing spells. Marked Extensive alterations.
(<40) 5  Bedridden. Periods of tachypnea and  malnutrition Obstructive
tachycardia and extensive ~ Abdominal phenomena.
pulmonary alterations. Can distension. Rectal Infection, atelectasis,
show signs of right heart  prolapse. bronchiectasis.

failure. Clubbing 3 to 4+.

HR: heart rate; and RR: respiratory rate.
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tion of clinical data. Chest X-ray has long been the
first diagnostic imaging method used in the evalua-
tion of pulmonary involvement and is adequate for
the detection of the most significant lesions.(%™

The severity of the respiratory disease is the most
important isolated factor, affecting the survival of
these patients. Since it is impossible to efficiently
monitor the disease based on pulmonary function
tests, imaging tests and clinical data simultaneously,
it is necessary to analyze the correlations among
these three methods so that the physician can give
each of them the appropriate weight. Numerous
scoring systems have been used to more objectively
classify the severity of the pulmonary disease.!"-"”
The Shwachman-Kulczycki clinical score™ and the
Brasfield radiological score!'” are widely used. There
are numerous reports in the literature of correlations
between these scores and pulmonary function.('#-2%

The objective of this study was to correlate func-
tional data, radiological alterations and the clinical
status of cystic fibrosis patients.

Methods

We analyzed the clinical charts and radiolog-
ical documents of 40 cystic fibrosis patients aged
5-16 years out of a total of 98 patients under
follow-up treatment at the Cystic Fibrosis Center
of the Porto Alegre Hospital de Clinicas between
January of 2000 and December of 2003. The diag-
nosis of cystic fibrosis was made in accordance
with the consensus criteria.” Pediatric patients with
stable disease (without exacerbation) who, in their

Chart 1 - Brasfield radiological score.

most recent annual physical examination, had been
submitted to a conventional chest X-ray, spirometry
(including a pharmacodynamic test) and applica-
tion of the Shwachman-Kulczycki score (Table 1)
were included in the study. Exclusion criteria were
as follows: having bronchial asthmaj; having allergic
bronchopulmonary aspergillosis; currently being a
smoker; and having previously undergone trans-
plantation or pulmonary resection.

This was a cross-sectional retrospective study.
1t was calculated that a sample size of 38 patients
was needed in order to estimate correlations equal
to or greater than 0.50 with a level of signifi-
cance of o = 0.05 and a statistical power (1-B) of
90%. Anteroposterior and lateral chest X-rays were
analyzed according to the Brasfield score (Chart 1),
in a blinded fashion, by a pediatric radiologist of
renowned experience. The Brasfield score consists
of five domains representing the characteristic
radiological aspects of cystic fibrosis: air trap-
ping; linear markings (bronchial wall thickening);
nodular cystic lesions (bronchiectasis); large lesions
(atelectasis and pneumonia); and general severity.
The first three radiological alterations are scored
according to severity from 0O to 4; the last two, from
0 to 5. The final score was obtained by totaling the
five subscores and then subtracting the result from
25 (3 is the most severe score possible).

Spirometry (including a pharmacodynamic
test) was performed by one single technician
with experience in pediatric tests and as per the
standards recommended by the First Brazilian
Consensus on Spirometry.® The tests analyzed

Air trapping

kyphosis
Linear markings
crossed.

Nodular cystic
lesions

Large lesions
including pneumonia

General severity

Generalized pulmonary distension with sternal
convexity, diaphragm flattening and/or thoracic

Linear densities due to bronchial dilation, parallel or
Circular opacities with bronchial wall thickening

Circular opacities, small and multiple = or > 0.5 cm,
with radiopaque or radiolucent centers

Lobar or segmented atelectasis; or consolidations;

Impression of severity based on radiological findings

0 — absent
1 a 4 — according to intensity

0 — absent
1 a 4, according to intensity

0 — absent
1 a 4, according to intensity

0 — absent

3 — lobar/segmented atelectasis

5 — multiple atelectases

0 — absent

1 a 4, according to intensity

5 — complications (heart enlargement/
pneumothorax)
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were FVC, FEV, and FEF,, ., all expressed as the
percentage of the predicted value based on gender,
age and height in accordance with the equations
devised by Zapletal.®® A Master Screen spirometer
(Jaeger, Wiirzburg, Germany) was used, according
to the routine of the Pulmonary Physiology Unit
(Pulmonary Function Laboratory) of the Porto Alegre
Hospital de Clinicas Pulmonology Department.

The Shwachman-Kulczycki score is divided
into four domains, each with five possible scores,
according to the degree of impairment: general
activity; physical examination; nutrition; and radio-
logical findings. The four scores are totaled in order
to obtain the final score, by which the condition
of the patient is categorized as excellent (86-100),
good (71-85), average (56-70), poor (41-55) or
severe (<40). Scoring was performed by the physi-
cian responsible for the treatment of the patient at
their annual physical examination, and each of the
four pediatric pulmonologists of the team moni-
tored each patient throughout the course of the
disease.

Brasfield and Shwachman-Kulczycki scores,
function test results and patient ages are expressed
as means and standard deviations. The five domains
of the Brasfield score are expressed as medians and
interquartile ranges. Pearson’s correlation coef-
ficient was used in order to compare pulmonary
function tests with scores. Multiple linear regres-
sion analysis was performed in order to determine
which variables most influenced the Shwachman-
Kulezycki total score. The level (alpha) of statistical
significance was set at 0.05, and the statistical
power (1-B) was set at 90%. A database was created
using the Excel program, and the software Statistical
Package for the Social Sciences for Windows, version
12.0 (SPSS Inc., Chicago, 1L, USA) was used for the
statistical analysis of the data. The protocol of the
present study was approved by the Science and
Ethics Committee of the Porto Alegre Hospital de
Clinicas.

Results

Patients who were too young to be submitted to
spirometry (under 5 years of age) and patients for
whom a complete evaluation through simultaneous
performance of tests could not be performed were
excluded, as were those who presented exacerba-
tion of the disease. The sample studied comprised

283

40 patients (19 boys and 21 girls) aged 5-16 years.
Regarding the Shwachman-Kulczycki total score,
62.5% of the 40 patients presented scores equal to
or greater than 80, with a mean score of 80.9 = 10.2.
In the general activity domain, 95% presented
a score of 25, the lowest score being 20 (mean,
24.7 £ 1.1). In the physical examination domain,
40% of the children presented a score of 15, and
550 presented scores >20 (mean, 18.9 + 4.6). In the
nutrition domain, 32.5% presented a score of 20,
and 55% presented a score of 25 (mean, 21.9 + 4.2).
In the radiology domain, 40% presented a score
of 10, and 10% presented a score of 25 (mean,
15.4 £ 5.2). This group of patients presented very
good pulmonary function, with a mean FEV, of
83.6 + 18.2% and a mean FEF,, . of 74.6 £ 42.5%.
Regarding the Brasfield score, the mean was also
high (18.2 + 4, bearing in mind that the maximum
score is 25). Data for the variables studied can be
seen in Table 2.

Table 2 - Clinical data, spirometry data and radiological
data of the patients studied.

Mean £SD  Minimum Maximum
Age (years) 9.7+3.3 5.00 16.0
FvCo% 83.0+ 14.3 43.9 114.4
FEVIO/O 83.6 + 18.2 38.7 120.0
FEF, 0%  746%425  13.6 190.0
S-K/Tot 80.9 + 10.2 60.0 100.0
S-K/Act 24.7 £ 1.1 20.0 25.0
S-K/Ex 18.9 £ 4.6 10.0 25.0
S-K/N 21.9+4.2 10.0 25.0
S-K/R 15.4 £5.2 10.0 25.0
Brasfield 18.2 £ 4.0 7.0 24.0
Median Minimum Maximum
(P25-P75)
Brasfield A 1.0 (1.0-2.0) 0.0 3.0
Brasfield B 2.0 (2.0-3.0) 1.0 4.0
Brasfield C 0.0 (0.0-2.0) 0.0 4.0
Brasfield D 0.0 (0.0-0.0) 0.0 3.0
Brasfield E 1.0 (1.0-2.0) 0.0 4.0

SD: standard deviation; FVC%: forced vital capacity in percentage
of predicted; FEV,%: forced expiratory volume in one second in
percentage of predicted; FEF,, . %: in percentage of predicted,
forced expiratory flow between 25 and 75% FVC; S-K/Tot:
Shwachman-Kulczycki  total score; S-K/Act:  Shwachman-
Kulczycki general activity score; S-K/Ex: Shwachman-Kulezycki
physical examination score; S-K/N: Shwachman-Kulezycki
nutrition score; S-K/R: Shwachman-Kulczycki radiology score;
Brasfield A: air trapping; Brasfield B: linear markings; Brasfield
C: nodular cystic lesions; Brasfield D: large lesions; and Brasfield
E: general severity.
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The Shwachman-Kulczycki score was found to
correlate positively with FVC (r = 0.35), as well as
(more strongly) with FEV, (r = 0.50) and FEF,
(r = 0.54). The Brasfield radiological score correlated
strongly and positively with the Shwachman-
Kulezycki score (r = 0.62) and with the radiology
domain of the same (r = 0.64). However, when
compared with functional parameters, the Brasfield
score correlated only moderately with FVC (r = 0.32),
FEV, (r = 0.36) and FEF,, . (r = 0.35). Correlation
coefficients are shown in Table 3 and Figure 1.

When pulmonary function was correlated with
the domains of the Shwachman-Kulczycki score,
positive, moderate correlations were found between
the physical examination domain and FVC (r = 0.34
p = 0.03), FEV, (r = 0.39 p = 0.01) and FEF,__
(r = 0.42 p < 0.01); between the nutrition domain
and FEF,, . (r = 0.32 p = 0.04); and between the
radiology domain and both FEV/ (r = 0.42 p < 0.01)
and FEF, . (r = 0.38 p = 0.01). The p was not
significant when the general activity domain was
correlated with pulmonary function, when the
nutrition domain was correlated with both FVC and
FEV, and when the radiology domain was correlated
with FVC.

Regarding the contribution of each Shwachman-
Kulczycki score domain to the total score, the
physical examination domain correlated signifi-
cantly with the general activity domain (r = 0.32;
p = 0.04) and with the radiology domain (r = 0.50;

Table 3 - Pearson’s correlation coefficients among
Shwachman-Kulczycki scores, Brasfield scores and
pulmonary function tests.
Correlation Coefficient 95% Cl
Lower Upper

S-K vs. FVC% 0.35% 0.05 0.60

S-K vs. FEV]% 0.50%* 0.22 0.70

S-K vs. FEF,, % 0.54* 027  0.73

S-K vs. Brasfield 0.62** 0.39 0.78
S-K/R vs. Brasfield 0.64** 0.41 0.79
Brasfield vs. FVC% 0.32% 0.02 0.58
Brasfield vs. FEV,%  0.36" 0.06 0.61
Brasfield vs. FEF __ % 0.35* 0.05 0.60

25-75
*p £0.05; e *p < 0.01. S-K: Shwachman-Kulczycki score; S-K/R:
Shwachman-Kulczycki radiology score; FVCO%: forced vital
capacity in percentage of predicted; FEV %: forced expiratory
volume in one second in percentage of predicted; and FEF,,  0b:
in percentage of predicted, forced expiratory flow between
25 and 75% of FVC.
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p < 0.01), and was therefore excluded from the
analysis. The general activity domain was the one
that contributed the most to the total score, each
point increasing the final score by 1.93 (p = 0.02).

Discussion

Cystic fibrosis is a complex disease, and scoring
systems are necessary in order to objectively assess
its severity,*?%?7) since most clinical aspects evalu-
ated can be affected by the subjectivity of the
examiner. The ideal score would classify patients
and clearly predict their clinical course in a simple
manner, adapting itself to the routine treatment.

The most widely used score is that created by
Shwachman-Kulczycki.?® Although it is easily
applied by the attending physician, most of its
domains are based on subjective information.
Created based on a study in which 105 patients were
monitored for 5 years, which exposed the need for
a system to evaluate the severity of this disease,®
the Shwachman-Kulczycki score provides a percep-
tion of the overall clinical status of the patient. This
score presents high intra- and inter-rater reliability.
" However, it lacks a domain that evaluates pulmo-
nary function.

In the present study, the total Shwachman-
Kulczycki score correlated positively with the scores
for each of its four domains, and physical activity
was the aspect that most influenced total score.
This corroborates our idea that the initial altera-
tions are in the morphological aspect of the disease,
as seen on imaging tests. Later, there are alterations
in pulmonary function, although the patient is still
capable of engaging in physical activity. Finally, the
capacity for physical exertion is impaired. Despite
the inevitable loss of pulmonary function, patients
with the mild or moderate form of the disease are
still capable of engaging in physical activity, since
factors other than FEV,, such as nutritional status,
muscular mass, aerobic conditioning and emotional
factors, determine their capacity for physical
exertion.

No correlation was found between the general
activity domain and the function tests studied.
We believe that this domain is really the last to be
altered in cystic fibrosis patients, and that it was
due to the very good pulmonary function presented
by this group of patients that no such correlation
was found. The data from the physical examina-
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Figure 1 - a) Correlation between Shwachman-Kulczycki total score (S-K/Tot) and, in percentage of predicted,
forced expiratory volume in one second (FEV %); b) correlation between S-K/Tot and, in percentage of predicted,
forced expiratory flow between 25 and 75% of forced vital capacity (FEF,, ..); ¢) correlation between S-K/Tot and
Brasfield total score (BrasTot); and d) correlation between Shwachman-Kulczycki radiology score (S-K/R) and BrasTot.

Correlations: A, r = 0.50; B, r = 0.54; C, r = 0.62; and D, r = 0.64.

tion correlated positively and moderately with the
pulmonary function, suggesting that clinical find-
ings that are more detailed and specific better
reflect the obstructive characteristic of this disease.
Nutritional status presented a significant correlation
only with FEF, _, that correlation being positive,
yet moderate. In this group of patients with excel-

lent nutritional status, the only impaired functional
aspect one would expect to find would be FEF,,
since it is the most sensitive. Correlations with FVC
and FEV, were not statistically significant, and func-
tional loss therefore could not be correlated with
nutritional status. For this aspect to affect pulmo-
nary function, the cystic fibrosis patient would have

J Bras Pneumol. 2008;34(5):280-287
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to be in a more advanced stage of the disease. Since
the radiology domain evaluates early morpholog-
ical alterations of the disease, it presented positive,
moderate correlations with FEF, .. and FEV, but
not with FVC. 1t is known that FEV, itself is a test
with poor sensitivity for identifying mild obstructive
disease. Since FVC is altered only in the later stages
of the disease, it would not reflect the radiological
lesions found.

The Shwachman-Kulczycki score follows the
functional decline, and its correlation with spirom-
etry data is excellent.?” In our study, we found that
the Shwachman-Kulczycki score correlates strongly
with FEV, and FEF,, ., whereas it correlates only
moderately with FVC, indicating that this scoring
system follows pulmonary function in its decline
and that the correlation is strongest with FEF
which is the most sensitive test.

The ideal radiological scoring system should
reflect clinical status and functional loss.('7:29
Excellent correlations between pulmonary function
and radiology have been described in the literature.
(19.21.2230) When the Brasfield score and pulmonary
function were correlated, correlation coefficient
values ranged from 0.50 to 0.70 for FEV,; 0.35 to
0.68 for FVC, compared with 0.74 for the correlation
with FEF, 02222 This great variability, however,
indicates that many radiological alterations cannot
be detected through function tests.'” Among the
radiological scoring systems, the Brasfield score
presents the highest correlation with function tests.
However, probably due to the small sample size
and to the high function test means, we found the
Brasfield score to correlate only moderately with FVC,
FEV, and FEF, . (r = 0.36, 1 = 0.36 and r = 0.35,
respectively), indicating that not all morphological
alterations are reflected in pulmonary function.

The Brasfield and Shwachman-Kulczycki scores
have been shown to correlate significantly with
each other.017:212224 The strong, positive correla-
tion found in our study (r = 0.62) demonstrates
that the clinical status of the patient deteriorated
in parallel with the chest X-ray findings. According
to our results, there is a strong, positive correla-
tion between the Brasfield score and the radiology
domain of the Shwachman-Kulczycki system. The
former is ideally performed by a pediatric radiolo-
gist; the second is performed at the medical office,
by the primary care physician. In view of this strong
correlation, the radiology domain can be a good,

25-757
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sensitive alternative in the evaluation of radiolog-
ical alterations of cystic fibrosis patients when the
Brasfield score is not available. This demonstrates
the value of the Shwachman-Kulczycki score when
measured during the medical visit, immediately
providing an overall analysis of the cystic fibrosis
patient.

In  conclusion, the Shwachman-Kulczycki
clinical score can, in isolation, reflect the clinical
status of a patient, and its importance lies in the
fact that it correlates positively with the Brasfield
radiological score and with function tests. Although
these scores assess different aspects of pulmonary
involvement, their correlations make adequate
monitoring possible, even in the absence of one
of these methods. Our study was limited by the
small sample size and by its retrospective nature.
Nevertheless, our data corroborate those in the
literature and contribute to expanding knowledge
of patients under follow-up treatment at a cystic
fibrosis referral center in Brazil.
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