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Bronchial asthma (BA) - a chronic inflammatory disease of
the airways in development of which cells and inflammatory
mediators involved. Chronic inflammation combines with
bronchial hyperreactivity, which is manifested by recurrent
symptoms of wheezing, breathlessness, chest tightness,
coughing, especially at night and early morning. These epi-
sodes are usually related to the widespread but variable bron-
chial obstruction, which reversed spontaneously or under the
influence of therapy [3].

Despite episodic symptoms the inflammation in asthma per-
sists constantly and occurs in all clinical forms of asthma in all
age groups of patients. Inflammation alters the structure of the
airways, defined as airway remodeling. These are processes of
subepithelial fibrosis, hyperplasia and hypertrophy of smooth
muscle, proliferation of blood vessels, increasing the number of
goblet cells, increasing the size of submucosal glands. In
patients with severe course of disease structural changes lead to
bronchoconstriction, which is not completely reversed under
the influence of available therapeutic agents [3].

Inherent to asthma bronchial obstruction can lead to disor-
ders of gas exchange, especially through ventilation-perfusion
imbalance. The feature of asthma is that even in patients
without clinical symptoms and almost normal spirometry
parameters may have been significant disturbances in gas
exchange [13].

The most widespread means of assessing pulmonary venti-
lation in patients with asthma is spirometry, which makes it
possible to determine the presence, severity of bronchial
obstruction and its reversibility, variability (improvement or
deterioration of respiratory function for some time), and the
diagnosis of asthma. [3]. Bodyplethysmographia can detect
increased airiness or hyperinflation of the lungs [6]. Neither

© . G. Opimakh, 2014

ACTMA TA ANEPTIA, Ne1 - 2014

spirometry or bodipletyzmohrafiya not possible to determine
whether the effective alveolar ventilation in patients with
asthma.

Analysis of arterial blood gases — the preferred method of
evaluating lung ventilation effectiveness, but taking arterial
blood painful, difficult in patients with poor vascular access.
Conditions for proper blood sampling — a steady state — with-
out changes in ventilation parameters. For patients with bron-
chial obstruction this time is 20-30 minutes. Blood — it is a
living tissue, which after sampling and analysis continues to
cellular metabolism, which changes the results — absorbed
oxygen is produced CO,. However, exposure to air reduces
the CO, content in the samples, which is why blood gas
analysis should be carried out immediately [8]. Today in
Ukraine Analysis of arterial blood gases is not always available
for patients with asthma due to the high cost of equipment
and supplies.

One of the ways for evaluating the effectiveness of pulmo-
nary ventilation - the definition of alveolar ventilation.
Alveolar ventilation and minute volume ventilation values are
not identical. Alveolar ventilation — is the volume of air that
not only reaches the alveoli, but also takes part in gas
exchange. The actual minute ventilation in addition to alveo-
lar ventilation includes ventilation airways not involved in gas
exchange (anatomical “dead” space) and alveoli that are not
properly perfused (alveolar “dead” space). The difference is
minute and alveolar ventilation - a physiological “dead” space
(VD, dead space), which is the sum of anatomical and alveo-
lar “dead” space. The higher becomes volume physiological
“dead” space in minute ventilation, the smaller the alveolar
ventilation with the development of gas exchange disor-
ders [14].
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VD/VT ratio (the part of the “dead” space of the tidal vol-
ume) — is a sensitive indicator of gas exchange, reflecting
compliance with ventilation to perfusion at rest as well as dur-
ing exercise. In patients with respiratory problems VD/VT
primarily due to increased non-uniformity of ventilation and
perfusion in the lung, and in patients with heart failure and
pulmonary vascular disease VD/VT, primarily due to impaired
blood flow is increased in the Iungs with preserved ventilation
[14]. We believe that the definition of the indicator VD/VT
can be a useful tool for assessment of alveolar ventilation in
patients with asthma.

In asthma the imbalance of alveolar ventilation (Va) and
circulation (Q), one of the key factors maintaining normal
concentrations of arterial blood gases [6]. An objective
assessment of Va/Q balance is the method of multiple inert
gas elimination technique (MIGET), to which a mixture of
six inert gases with different solubility administered
intravenously to the patient. After 30 minutes (after
equalization of gases concentrations in the body) an analysis
of the content of inert gases in the exhaled air, in the arterial
blood and blood from the pulmonary artery conducts. The
results of the mathematical analysis of the data describing the
distribution of ventilation and perfusion [10]. The main
drawback of this method, we consider the high complexity of
performance and its unavailability in Ukraine.

We studied the possibility of capnometry in evaluating
pulmonary ventilation in patients with asthma. Capnometry —
is measurement and digital display of concentration or partial
pressure of carbon dioxide in the air that inhales or exhales
patient during the respiratory cycle [7]. By integrating
capnometer and pneumotachometers in one device and the
unique opportunity of capnometry to calculate CO2-free air
portions during exhalation as the volume of the «dead» space
and its part in the tidal volume makes it possible to evaluate
the efficiency of alveolar ventilation.

This study was performed with the aim to investigate lung
ventilation pecularities in patients with BA. For this purpose
the following tasks were decided:

to investigate lung ventilation parameters in patients with
BA and healthy subjects;

to compare lung ventilation parameters in patients with BA
depending on disease control.

Materials and methods

This work was financed from the state budget of Ukraine.

The study was coordinated with the local Medical Ethics
Committee of the NIPhP NAMS, participants were
familiarized with the study protocol and signed an informed
consent form to participate in the study.

The study involved 65 participants (30 men and 35 women)
aged 24 to 74 years, mean age (52,3 + 2,7) years, including
30 patients with asthma and 35 healthy subjects.

Inclusion criteria for asthma patients — women and men
from 18 years inclusive, reversibility of bronchial obstruction —
forced expiratory volume at timed interval of 1,0 second
(FEV,) increasing > 12 % (or = 200 ml) after administering
short acting 3,-agoniasts, familiarization of the study protocol
and sign informed consent to participate in the study, the
ability to understand and perform maneuvers diagnostic

procedures. Only asthma patients who have no signs of
exacerbation of the disease at the time of the survey took part
in the study.

Inclusion criteria for healthy individuals — women and men
from 18 years inclusive, absence the respiratory system
pathology with a history and examination, spirometry
results — the baseline FEV, > 80 % of the predicted value and
FEVI1/FVC ratio > 70 %, familiarization of the study protocol
and sign informed consent to participate in the study, the
ability to understand and perform maneuvers diagnostic
procedures.

Exclusion criteria —other, other than COPD and asthma,
respiratory diseases (lung cancer, tuberculosis, sarcoidosis,
cystic fibrosis, lung surgery history), severe uncontrolled
progressive chronic diseases that can affect the results of
investigation, mental disorders.

The diagnosis of asthma was performed on the base of
Order of Ministry of Health of Ukraine No 128 from 19.03.2007
“On approval of clinical protocols of medical care in”
Pulmonology “” [2]. Healthy individuals in this study were
considered participants with normal respiratory function, in
whom there was no bronchoobstructive diseases at the time of
the survey.

A group of BA patients amounted to 30 patients (11 men
and 19 women) with a mean age (57,3 * 2,3) years and the
average FEV, (72,3 + 1,8) %.

A group of healthy individuals amounted to 35 subjects (19
men and 16 women) with a mean age (48,0 £ 2,4) years and
the average FEV, (99,1 + 1,5) %.

To asthma patients Asthma Control Test (ACT) was
performed. In clinical practice, it is recommended to use the
classification of asthma by level of control of the disease,
which involves the evaluation of the current clinical condition
of the patient and the potential risks in the future. In general
clinical practice, it is recommended to use a simple informative
Asthma Control Test. Classification by level of control
correlates well with the ACT. Interpretation of results: < 15
points - the lack of control of asthma, 16-18 points - partial
control, > 20 points - good control [3].

Capnometry was conducted for all participants on a set for
the study of the cardiorespiratory system “Oxycon Pro”,
“Cardinal Health” (Germany), the following parameters
were evaluated:

- the volume of «dead» space (part of the air that does not
participate in gas exchange), ml (VD, ml);

- part of the «dead» space of the tidal volume,% (VD % VT)

- volume ventilation liters per minute (V'E, L/min),

- alveolar ventilation volume liters per minute (V'E, L/min).

Prior to the test the essence of the procedure explained to
the patient. A survey conducted in the sitting position, the
patient is breathing ambient air for 5 minutes through a
mouthpiece with a nose clip to the entire flow of air inhaled
or exhaled, passed through the analyzer. Then within
3 minutes data of the gas analysis recorded. The device
displays the average of the concentration or partial pressure
of O, of every four successive respiratory cycles.

Data collection and mathematical processing carried out by
licensing software products included in the package Microsoft
Office Professional 2007 license Russian Academic OPEN
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No Level Ne 43437596. Statistical analysis was performed
using mathematical and statistical features MS Excel, as well
as additional statistical functions developed by S.N. Lapach,
A.V. Tschubenko, P.N. Babich [3]. The parameters studied in
this work were evaluated by determining the mean (M), the
mean error (m), reliability (t), the level of significance (p).

Results and discussion

For all 65 study participants capnometry was analyzed. To
resolve the first task of our work we have found that the
parameters of pulmonary ventilation in patients with asthma
in general slightly different from those in healthy subjects.
Thus, the average minute ventilation accounted (10,5 + 0,3)
I/min. In healthy subjects and (10,7 = 0,4) I/min. in BA
patients (Table 1). As for “dead” space ventilation, it was on
average higher in patients with asthma — (173 = 8) ml,
compare to healthy subjects — (189 = 8) ml, but without
statistically significant difference. Higher, but without
statistically significant difference, is the part of the “dead”
space of the tidal volume in BA patients — (27,4 £ 1,3) %,
while in healthy individuals it is (25,2 £ 0,9) %.

Table 1
Lung ventilation parameters in healthy subjects and in
BA patients (M = m)

Parameters Healthy subjects BA patients
n=35 n=230
V’E, L/min 10,5+0,3 10,7 + 0,4
VD, mi 173+ 8 189+ 8
VD%VT 252 +0,9 274 +13
VA, L/min 79+04 7,8 0,6

Note: without statistically significant difference between.

Next, based on our ACT we divided patients with asthma
into 2 groups: with controlled (ACT > 20 points) and with
uncontrolled (ACT < 20 points) course of disease. Clinical
characteristics of patients are presented in Table 2. Patients
with partial control (such person was 1 of ACT 16 points)
were seen in the group with uncontrolled course.

In patients with controlled asthma ACT averages (21,6 *
0,4) points, while uncontrolled - (11,8 + 0,6) points, a
statistically significant difference indices, p <0.01. By sex and
age characteristics of the patients were comparable regardless
of disease control. In patients with controlled asthma level of
FEV, is greater, but without significant difference compared
with patients with uncontrolled course.

Interesting features were smoking status of patients with
asthma (table 3). It was found that among patients with
controlled asthma 90 % were no smokers. The only smoker in
the group have experience smoking 5 pack-years.

Table 3
Smoking status of BA patients depending on disease
control (M = m)

Controlled Uncontrolled
Indicators BA patients, BA patients
n=10 n=20
No smokers (n, %) 9 (90 %) 12 (60 %)
Past smokers (n, %) 0 (0 %) 7 (35 %)
Current smokers (n, %) 1(10 %) 1(5 %)
Smoking history for
people who smoke or 5.0 258+88
have smoked, pack
years

Note: no correct mathematical bases for determining statistically significant difference
between indexes of the observation groups.

Among patients with uncontrolled asthma 40 % have a
history of smoking index between 1,5 and 40 (!) pack-years
(mean - (25,8 £ 8,8) pack-years). The data correspond to a
recognized position that smoking contributes to more severe,
uncontrolled asthma course. Also, smoking decreases the
effectiveness of anti-inflammatory therapy, which also
contributes to the loss of control of the disease [4].

In addressing the second objective of our work found that
the minute ventilation is not very different among the groups
of patients with asthma (table 4).

Table 4
Lung ventilation indicators in BA patients depending
on disease control (M £ m)

Controlled Uncontrolled
Indicators BA patients, BA patients
n=10 n=20
V’E, L/min 11,0+ 0,4 10,5+ 0,6
VD, ml 176 + 11 211 £ 8*
VD%VT 24,6 +0,5 30,5+ 1,5
VA, L/min 8,3+0,2 7,3+ 04"

Note: * — statistically reliable difference of indicators between groups, p < 0,05.

In patients with uncontrolled asthma “dead” space

Table 2
Clinical characteristics of BA patients depending on dis-
ease control (M = m)
Controlled Uncontrolled
Indicators BA patients, BA patients
n=10 n=20
Male (n, %) 3 (30 %) 8 (40 %)
Female (n, %) 7 (70 %) 12 (60 %)
Age, years 59,7 £ 2,7 56,1 + 3,2
ACT, points 21,6 +0,4 11,8 £ 0,6"
Mean FEV,, % 73,8 +4,2 71,5+1,9
Note: * — statistically reliable difference of indicators between groups, p < 0,01.
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ventilation volume is (211 = 8) ml, which is statistically
significantly higher than the rate for patients with controlled




course — (176 £ 11) ml, p < 0,05. Thus, the part of the “dead”
space of the tidal volume in uncontrolled asthma patients is
— (30,5 £ 1,5) %, when in subjects with controlled asthma it
is statistically reliable smaller — (24,6 = 0,5) %, p < 0,05.
Obviously, with an equal minute ventilation in patients with
high VD% VT alveolar ventilation will lower, that is (7,3 &
0,7) I/min. in patients with uncontrolled asthma, up 14% and
was significantly lower than in controlled asthma — (7,3 =
0,4), p <0,05.

We explain our findings that violations of pulmonary
ventilation in patients with uncontrolled asthma flow may be
associated with damage to of small-caliber airways and the
development of lung hyperinflation. Thus, according to
bodyplethysmography provided by patients who took part in
the study, the value of the residual lung volume at a controlled
course is nearly normal and is (121,3 £ 10,5) % from
predicted values, and if uncontrolled course is much greater
— (132,6 £ 8,3). Standard normal values of lung volumes is a
range of 80 to 120 % of the predicted values [9].

We raised the question whether there is a natural
development of lung hyperinflation in patients with a mean
FEVI1 (71,5 £ 1,9) %? According to the literature this may be
the case, because we found evidence that the formation of air
«traps» observed not only at a moderate, but also for mild
asthma [11]. In the study of the concentration of nitric oxide
in the exhaled air, found that in the stable asthma detected
inflammatory lesions not only the distal airways but in lung
acinar areas [12].

There is evidence that inflammation in the distal airways
are more intense in severe and uncontrolled asthma course.
With the defeat of the distal airways pulmonary hyperinflation
formation is associated in patients with asthma [5].

Thus, the patients with uncontrolled asthma is characterized
by: a history of smoking, lung hyperinflation formation with
an increase the part of the «dead» space in the tidal volume
and decrease of alveolar ventilation efficiency.

Conclusions

1. Lung ventilation parameters in patients with asthma
without exacerbation in general slightly different from those
in healthy subjects;

2. The effectiveness of alveolar ventilation is reduced by
14% in uncontrolled asthma due to high waste «dead» space
ventilation.
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OLIEHKA NEFO4HON BEHTUNALIMA
Y BOJIbHbIX BPOHXWAJIbHON ACTMOU
C HEKOHTPOJIMPYEMbIM TEHEHUEM

C. I. Onumax

Pesiome. Xapaxmepnas das oponxuanvhot acmmel (BA) obcmpykuyus
OpoHX06 Modcem npueecmu K paccmpoiicmeam eazoobmena. Oco-
bennocmoio BA aeéasemca mo, umo dajce y 604bHbIX 6€3 KAUHUHECKUX
CUMRMOMO8 U ¢ NPAKMUHECKU HOPMANbHbIMU Pe3YAbMamamu CRUpomem-
DpuUU MO2Ym UMemb Mecmo 3HA4UmenbHble HapyUleHus 2a3000MeHa, 8 mom
yycae 3a cuem CHUdICeHUs anveeoaspnoll eenmuaayuu. [Jannas paboma
BbINOAHACCS C UEAbI0 U3YHUMb O0COOEHHOCMU Ne204HOU BeHMUAAUUU
y 6oabHbIx BA.

MarepuaJibl U METOABI HCCIEN0BaHNUS. B uccaedosanuu npunsiu yuac-
mue 35 300posvix auy u 30 6oavubix BA (30 myxcuun u 35 xncenugun),
Komopvim npoeoduau kanHomempuro. boasnoim BA nposedeno Acmma-
Koumpone Tecm (AKT).

Pesynsrarel. Cpedu 601bHbIX ¢ HeKOHMPOAUPOBAHHbIM meyeruem 40 %
AUY UMEOm aHAMHe3 KypeHus ¢ uHoekcom (25,8 = 8,8) nauko-iem.
Y boavnbix ¢ KOHMPOAUPOBAHHBIM MeueHUeM acmmbl 00seM GeHMUAAYUU
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«Mepmeoeo» npocmparcmea cocmagasem (211 £ 8) ma, a doas «<mepmeo-
20» npocmpancmea 6 dvixamenvhom obseme — (30,5 = 1,5) %, umo cma-
MUCMuU4ecKy 3HAYUMO Npesblulaem 3Mom NoKazamens 045 OO0AbHbIX
¢ koHmpoauposanuvim meuenuem — (176 = 11) ma u (24,6 = 0,5) % coom-
semcmeenno (p < 0,05). Arvgeonrapras eHMUAAUUs Y OOAbHBIX C HEKOHM -
POAUPOBAHHBIM MmeyeHuem 3a001esanus 6oree nuskas — (7,3 = 0,4) a/mun,
uem npu konmpoauposarroli bA — (8,3 = 0,2) a/mun (p < 0,05).

BoiBoapl. [lapamempor aecounoil eenmuasyuu y 0OoavHolx bA ene
000CMPperUs 8 4eAoM He3HAUUMENbHO OMAUYAIOMCS OM MAKOBLIX Y 300p0-
6bIX MUY, a NpU HeKoHmpoaupyemom mevenuu bA sghgexmuernocmo anv-
6e015pHOL genmuaayuu chuxcaemes na 14 % 3a cuem evicokol becnones-
HOU 8EHMUNAUUU «<MEPMBO20» NPOCMPAHCMEA.

KiroueBble clioBa: OpoHXUAAbHAS ACMMA, N€204HAS BEHMUASYUS, ANb-
6€0NAPHAS BEHMUNAUUS.

Hayuno-npakmuyeckuii acypuan «Acmma u annepeus», 2014, Ne 1
C. I'. Onumax,

MAQOWUH HAYYHbLH COMPYOHUK OmMOeNeHUs OUA2HOCMUKU, Mepanui
U KAUHUYECKOU (apmakosoeul 3a001e6aHull NeeKux
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LUNG VENTILATION EVALUATION
IN PATIENTS WITH UNCONTROLLED ASTHMA
S. G. Opimakh

Abstract
Background. Bronchial obstruction as characteristic feature of bron-
chial asthma (BA) can lead to gas exchange disorders. The distinction
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of asthma is that even in patients without clinical symptoms and almost
normal spirometry parameters may have been significant gas exchange
disorders including that due alveolar ventilation reducing.

The purpose of the study. This study aimed to investigate lung venti-
lation pecularities in patients with BA.

Results. Among patients with uncontrolled course of 40 % have a
smoking history with index (25,8 * 8,8) pack-years. In patients with
uncontrolled asthma «dead» space ventilation volume is (211 £ §) ml,
and part of the «dead» space of the tidal volume — (30,5 £ 1,5) %, which
is statistically significantly greater than that rate for patients with con-
trolled asthma — (176 = 11) ml and (24,6 = 0,5) %, respectively,
p < 0.05. Alveolar ventilation in patients with uncontrolled disease course
is lower, namely (7,3 = 0,4) l/min. than when controlled asthma —
(8,3+0,2),p<0.05.

Conclusions. Lung ventilation parameters in patients with asthma
without exacerbation in general slightly different from those in healthy
subjects, but the effectiveness of alveolar ventilation is reduced by 14 %
in uncontrolled asthma due to high waste «dead» space ventilation.

Key words: bronchial asthma, lung ventilation, alveolar ventilation
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