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PREDICTION OF BRONCHIECTASIS DEVELOPMENT RISK
IN CHILDREN WITH CYSTIC FIBROSIS

Klymenko V., Drobova N.

Kharkiv National Medical University, Ukraine

Abstract. Cystic fibrosis (CF) is a genetic disease with a multiple organ type of lesion and
life-threatening respiratory disorder. The purpose of the study was to improve medical care
for patientswith CF by treatment individuali zation according to the predi ction of therespiratory
tract complications development. The study involved 42 children with CF. Patients were
divided into 2 groups: main (with bronchiectasis) and control (without bronchiectasis) group.
One hundred twelve clinical and paraclinical indices were analyzed. After that the logistic
regression method with step-by-step incorporation of predictors was used to analyze the
featuresand to select meaningful criteriafor prognosis. The mathematical model for predicting
bronchiectasis development in children with CF was created. It should help to make an
individual agorithm for treatment using non-specific research methods in order to prevent
the progression of morphological changes in the respiratory tract in patients with CF.
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Introduction. Cydticfibrosis(CF) isagenetic
disease, which is caused by mutation of the cystic
fibrosis transmembrane conductance regulator
(CFTR) protein with involvement of the exocrine
glands of vita organs and systems[1-4].

CF affectsavariety of organs, but especially
involving respiratory tract and pancreas[5]. The
lungs undergo gradual destruction, as an effect
of persistent microbial colonization, chronic
inflammation and recurrent infections caused by
highly pathogenic bacteria, such as
Pseudomonas aeruginosa and Staphylococcus
aureus (S. aureus), as well as Hemophilus
influenzae, Stenotrophomonas maltophilia,
Achromobacter xylosoxidans, Burkholderia
cepacia fiomplex etc. Several constituents of the
innate immunity are also affected by the disease
[6]. As a consequence, despite the amazing
progress in treating CF-related lung disease, it
still accountsfor nearly 85% of the mortality [7].

Theairwaysof theaffected lungsare clogged
by purulent secretions and deformed due to the
development of bronchiectatic lesions, while in
the parenchyma the formation of multiple
cavitations or cysts, areas of bronchiolar
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consolidation, fibrosis and air-trapping
compromise respiratory adequacy [8].
Bronchiectasis has a highly variable clinical
presentation, as it is a disorder that can affect
any age from young children to the very elderly,
males and females, and it is present in al ethnic
groups[9]. Assuch, it isnot possible to describe
a single typical clinical presentation [10].
Bronchiectasis is a chronic airway disease that
hasincreased in prevalence over the past decade
and is associated with growing morbidity and
mortality rates worldwide [11]. As a complex
multicomponent disease, bronchiectasis is
characterized by chronic systemic inflammation
that frequently coexistswith comorbidities, which
might be causative, synergistic, or coincidental,
depending on how they interact [12, 13].

Bronchiectasis is a marker of severe cystic
fibrosis course. Modern medical protocols for
medical care to patients with CF include alarge
number of medications aimed at various parts of
pathogenesi s of the disease and affect the various
systems of the organism [14]. Predicting the
devel opment of thispathology should improvethe
lifequality of patientswith CF.

2. PURPOSES, SUBJECTS and
METHODS:

2.1. Purpose —to improve medical care for
patients with CF by treatment individualization
according to the prediction of therespiratory tract
complications devel opment.
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2.2. Subjects & Methods. The research
was conducted in the pulmonology department
of the Kharkiv Regional Clinical Children's
Hospital No 1 in 2015-2017. Clinical and
paraclinical examination of patient with CF were
carried out according to the Order of Ministry of
Healthcare of Ukraineasof 15 July 2016 No. 723
"On approval of the unified clinical protocol of
primary, secondary (specialized) and tertiary
(highly specialized) medical care"Cysticfibrosis',
Order of Ministry of Healthcare of Ukraine as
of 29 January 2013 No. 59 "On approval of unified
clinical protocolsof medical carefor childrenwith
diseases of the digestive system".

Patientswith CF were divided into 2 groups:
main (with bronchiectasis) and control (without
bronchiectasis). One hundred twelveindiceswere
analyzed (passport data (age), presentation,
present and past history, clinical signs of organs
and systemslesions, laboratory and instrumental
research results (blood and urine analysis,
coprogram, spirography, electrocardiography,
computed tomography of the chest, ultrasound
examination of the abdominal cavity,
bacteriological examination of sputum, bronchial
washings, immunological parameters and total
immunoglobulin E, data of allergy testing, etc.).
Thelogistic regression method with the step-by-
step incorporation of predictors was used to
analyze the features and to select meaningful
criteria for the mathematical model creation.
Mathematical processing of the results was
carried out using the SPSS 23 softwaare for
Windows.

The study was conducted with respect to
human rights in accordance with the legislation
in force in Ukraine, in compliance with
international ethical requirements and did not
violate ethical normsin science and standardsfor
conducting biomedical research.

Conflict of interests. There is no conflict
of interests.

3. Resultsand discussion. Thestudy involved
examination of 42 children. Diagnosisof CFwas
based on clinical and paraclinical characteristics
and confirmed by the results of pilocarpine test.

Main group included 17 patients with
bronchiectasis and control group comprised
25 patients. There were predominantly girls in
the main group (52.9 %, p=0.055).

According to age, the majority were children
of senior school age (table 1).

CF manifestation was represented by the
gastrointestinal signs prevalence without a
significant difference between the main and
control groups (76.4 % vs 72.0 %, p=0.746
respectively).

In the majority of main group, the first
gastrointestinal signs of the disease were
identified during neonatal period (52.9 %),
compared with the control group (ininfant period—
68.3 %, p=0.340).

Regarding the symptoms of the respiratory
system for patientswith bronchiectasis, therewas
a tendency for their later manifestation — in
preschool period (52.9 %) compared with the
control group (ininfant period—(48.0 %, p=0.585).

The sweat chloride test results of the main
group were significantly higher (123.7 +
7.18 mmol/l) compared with the control group
(93.8+5.15mmol/l, p=0.034).

The spirography wasdefined in children over
5years(n=31) and showed significant decrease
in the examination basic parameters (table 2).

The incidence of lung fibrosis (100%) was
significantly higher (p=0.003) in the main group.
Typical bronchiectasis of patients with CF is
shown on Figure.

Assessment of bacteriological tests showed
that Pseudomonas aeruginosa (64.7 % vs 24.0 %,
p=0.014), S aureus(76.4 % vs40.0 %, p=0.028),
Alcaligenes faecalis (23.4 % vs 0 %, p=0.025)
weresignificantly morecommoninthemain group
patients.

Table 1
Distribution of children with CF and bronchiectasis by age
Age 1 year — 3 years — 7 years — 12 years —
2 year 6 years 11 years 17 years Total
11 months 11 months 11 months 11 months
29 days 29 days 29 days 29 days
Group n % n % n % n % n
Main 3 17.6 3 17.6 3 17.6 8 47.2 17
Control 1 4.0 3 12.0 11 44.0 10 | 40.0 25
Total 4 9.5 6 14.2 14 33.4 18 42.9 42
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Table 2
Spirography test in children with CF
Spirography Main group Control group p
indices (n=14) (n=17)
VC, % 66.5 (62.25; 68.25) 71.0 (67.0;80.0) 0.013
FVC, % 65.0 (59.0;69.0) 69,0 (67.5;80.5) 0.010
FEVI1, % 70.0 (65.0;74.0) 72,0 (70.5;82.0) 0.101

Thestudy of theliver parenchymaimpairment
showed that the incidence of cirrhotic lesions of
theliver parenchymawas significantly higher in
the main group compared to the control (41.2 %
vs 8.0 %, 6=0.011).

Features of immune status in children with
CF and bronchiectasis are presented in Table 3.
There was asignificant increase in phagocytosis
of latex, lymphocytes, spontaneous nitroblue

Bronchiectasis in the child with CF

tetrazolium tests, spontaneousindex of activated
neutrophils test decreasing compared with the
control.

Thus, observation of patients with CF and
bronchiectasis has revealed anumber of clinical
and laboratory signs regarding the prediction of
morphological changes in the respiratory tract.
Using simple methods of nonparametric statistics
during definition of significant conclusions is
complicated by therarity of the pathology and a
littlenumber of patients. Therefore, to objectivize
the evaluation of theindividual factorsinfluence
in bronchiectasis pathogenesis in CF, a logistic
regression method was used to determine the
coefficients of regression function.

After the mathematical model formation, the
logistic regress on equation, which determinesthe
probability of bronchiectasisdevel opingin children
with CF, hasthefollowing form:

b = [1+exp(-(0,316x0,+0,083%x0,+
+4,009%0,+6,778x0,-43,372))]-1, where

b — the risk factor for the bronchiectasis
development inachild with CF;

O, — phagocytosis of latex (%);

O, —sweat chloridelevel (mmol/l);

O, — evaluation of liver parenchyma
according to ultrasound examination (1— norm,
2 — increased liver echodensity at ultrasound
examination, 3 - cirrhotic lesions of the liver
parenchyma;

O,- S. aureus (in sputum) (1 — no, 2 —
yes).

The P valueisin the range from 0 to 1 and
reflectsthe probability of therisk of bronchiectasis
formationinachildwith CF. If P> 0.5, it predicts
a high risk of bronchiectasis formation, and if
P<0.5, it predicts a low risk of bronchiectasis
formation.

All variables, according to Wald test, are
significant (p<0.05) and are selected correctly.
The overall assessment of the coincidence
between the identified risk factors in the model
and the actual observed adverse event was
conducted using the Hosmer and L emeshow test,
the accuracy of the classification was 95.2 %.

The effectiveness of the proposed
mathematical model isillustrated by thefollowing
clinical case.

A 12-year-old boy S. wasadmitted to Kharkiv
Regional Clinical Children's Hospital No. 1 for
the preventive treatment course. The patient
presented with coughing with periodic sputum of
yellow color, periodic bitter tasteintheoral cavity.
The condition was assessed as moderate due to
respiratory and gastrointestinal disorders.
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Table 3

Indices of immunological status of children with CF and bronchiectasis
(Median; Q1; Q3)

. Main group Control group
Indices (n=17) (n=25)
Leukocytes, x10%/1 6.5 (5.4;7.05) 6.0 (5.0;7.8)

Neutrophils, %

50.0 (42.5;68.5)

44.0 (38.5;58.0)

Lymphocytes, %

45.0 (29.0;56.5)*

57.0 (44.0:63.0)

CD3,%

69.0 (64.5;70.0)

68.0 (64.0; 70.0)

CD 4, %

40.0 (38.0:40.5)

39.0 (38.0;41.0)

CD 8, %

27.0 (25.0;28.5)

28.0 (26.5;29.0)

CD 16, %

13.0 (9.5;15.5)

14.0 (10.0; 18.0)

CD 22, %

19.0 (18.0;20.0)

18.0 (16.0; 21.0)

CD 25, %

21.0 (18.0;29.5)

22.0 (18.5; 37.0)

Phagocytosis of latex, %

69.0 (58.0;74.0)*

63.0 (56.5; 68.0)

with 3.5% PEG, units

Phagocytic number 3.8 (3.75;4.1) 3.8 (3.7:4.1)
Total complement (CH 50) 64.0 (62.0;67.5) 64.0 (60.5; 66.0)
Circulating immune complexes 8.1 (7.3:10.1) 7.7 (6.25:9.25)

Spontaneous nitroblue tetrazolium
(NBT) tests, %

16.0 (12.0;28.0)*

33.0 (18.0; 47.0)

Spontaneous index of activated
neutrophils (IAN) test, units

0.3 (0.21;0.55)*

0.69 (0.32;0.92)

Stimulated NBT test, %

65.0 (59.0;72.0)

63.0 (56.0;69.0)

Stimulated TAN test, units

1.34 (1.07;1.48)

1.34 (1.17;1.49)

Lysosomal cationic proteins, units

1.18 (1.09;1.24)

1.18 (0.98;1.23)

Ig A, g/l 1.29 (1.07;1.64) 1.38 (0.99:1.54)
Ig M, g/l 1.02 (0.9;1.22) 0.92 (0.81;1.22)
Ig G, g/l 10.38 (10.25;10.76) 10.36 (9.9;10.93)
Ig E, ¢/l 86.2 (28.1; 486.1) 56.0 (27.1;178.4)

* p <0.05 - compared with the control group

The child was from the second pregnancy,
after 40 weeks of gestation by first vaginal
delivery with abirth weight of 2800 gm, height of
46 cm.

From the age of 6 months the mother took
notice of cough, whichwasinitialy dry, thenwith
sputum of whitish color. At the age of 8 months
the child had pneumonia with prolonged severe
course. After recovery, the child was referred
for a medical genetic center, where CF was
diagnosed based on clinical and paraclinical signs,
positive sweat chloride test (105/112 mmol/l) at
the age of 1 year 2 months.

At the age of 2 years, CFTR genotyping was
performed and a carrier del F508 in a compound
with an unidentified CFTR gene mutation was
found.

At the age of 8 year, during the planned liver
ultrasound examination, the increased liver
echodensity was detected. Hepatoprotective

therapy wasintensified. For 2 years, the child did
not undergo preventive examination.

At the age of 10 years, signsof lung fibrosis
were identified on both sides.

On examination: poor physical growth and
development. Body mass index (BMI) was
15.4 kg/m2 (equivalent to BM| <10 percentiles).
Skin was pale. Deformation of the fingers and
fingernails(clubbed fingersand watch-glass nail s)
were found. Thoracic cavity was the cylindrical
shape. Percussion sound was shortened in back
basal areaswith excessive resonancein the upper
and middle areas. Harsh breathing, moist small
and medium bubbling raleswere detected in back
basal areasduring lung auscultation. Heart sounds
were rhythmic, sounding. Stool was 2—3 times
per day.

Level of sweat chloride was 102 mmol/I.

The results of laboratory studies were as
follows: sputum bacteriological tests —
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S epidemidis 10°, S aureus 10°, C. albicans 10?
ultrasound examination of the abdominal cavity —
increased liver and pancreas parenchyma
echodensity; immunological research—leukocytes
6,5x10%1, Neutrophils 54 %, Lymphocytes 46 %,
CD3 64 %, CD4 32 %, CD8 40 %, CD16 22 %,
CD22 18 %, CD25 20 %, Phagocytosis of latex
76.0 %, Phagocytic number 3.9 un., Total
complement (NI 50) 65 %, CIC with 3.5 % PEG
9.5un., SpontanecusNBT tests 28 %, Spontaneous
IAN test2Al 0,32 un., Stimulated NBT test 59 %,
Stimulated AN test 1.04 un., Lysosomal cationic
proteins1.12un., IgA 1.14 g/l, Igl 0.96g/l,19G
10.21.g/1.

The calculation of the bronchiectasis
devel opment risk by using themathematical model
was done:

B=[1+exp(-(0.316x76+0.083x102+4.009x
X2+6.778 x 2-43.372))] -1=0.9.
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application should improvethe bronchiectasisrisk
predicting and timely correction of therapy.

Conclusion. The mathematical model for
predicting of the bronchiectasis development in
children with CF was created. It should help to
make an individual algorithm for treating using
non-specific research methodsin order to prevent
the progression of morphological changesin the
respiratory tract in patients with CF.
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