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Objective. To study specific features of potassium metabolism and myocardial damage markers in the children with bronchial
asthma, depending on the level of BA control.

Materials and methods. Comprehensive examination was carried out in 189 children with persistent BA aged 6-17 years:
group 1 consisted of 124 with uncontrolled course of the disease, group 2 — 30 patients with partially controlled BA and
35 patients with controlled BA. The comparison group consisted of 30 patients with controlled asthma without changes
from the cardiovascular system. The unified flame photometry method with fluid analyzer FFA-1 was used to determine
the erythrocyte potassium level. Total creatine phosphokinase level was estimated by UV-test. Creatine phosphokinase-MB
level was determined by M-subunitimmunoinhibition. Total lactic dehydrogenase-1 level was calculated by modified colorimetric
method using an assay kit for colorimetric determination of total LDH. Serum LDH1 level was estimated by UV-method with
the kit for determination of isoenzyme LDH1 activity.

Results. In the children with UC BA serum K* and erythrocyte K* level was significantly lower compared to the children with
PC BA, C BA, C BA with no changes in CVS and the control group. Total CPK and CPK-MB isoenzyme level in the children
with UC BA, was significantly higher compared to those with PC BA, C BA, C BAwithout CVS changes and the control group.
In the children with PC BA, total serum CPK level was also significantly higher compared to C BA (P = 0.007), C BA without
CVS (P =0.0002) changes and the control group (P = 0.001).

Conclusion. Thus, the study demonstrated significant decrease of potassium level in blood serum and erythrocytes, twofold
increase of total creatine phosphokinase and lactic dehydrogenase-1 isoenzyme levels, threefold increase in creatine
phosphokinase-MB isoenzyme level, and one and a half time increase of total lactic dehydrogenase in the children with
uncontrolled course of bronchial asthma.

MeTtaboniuHi nopyweHHA B MioKapAi B AiTel npu 6poHXiaAbHiK acTMi

0. B. Tepacumona, T. A. Mpoutok, A. 0. Mpoutok, 0. b. AyaapeHko, O. B. KyaewoB

MeTa po60oTu — focnignTit 0cobnmBocTi 0OMiHY Kanito Ta MapkepiB YLUKOMKEHHS! Miokapaa B AiTeN, sIki XBopi Ha BpoHXianbHy
acTMmy (BA) 3 pi3HUM piBHEM KOHTPOTIO.

Marepianu Ta metogu. O6ctexunm 189 aitel Bikom Big 6 10 17 pokiB, ski xBopi Ha BA, Wwo nepevcTye. MNeplua rpyna — 124 antHm
3 HekoHTporboBaHVM nepebirom (HK) xsopobu, Apyra— 30 navuieHTis i3 YacTkoBO KOHTPONboBaHOH (YK) i 35 NaLieHTiB i3 KOHTPOMLO-
BaHoto BA. ['pyna nopiHsiHHS — 30 aiTen i3 koHTpornbosaHuM (K) nepebirom BA 6e3 amiH i3 6oky cepLieBo-cyanHHoi cuctemu (CCC).
KoHTponbHa rpyna — 95 npakT1iHo 300p0oBMX AiTei. [ns BU3HaYeHHs kanito B epuUTpoLmMTax 3acTocoByBanm yHichikoBaHuin Meton
dpoTomeTpii nonym’s 3a Jonomoroto aHanizatopa piguHu MAXK-1. [ins B13HauyeHHs 3aranbHoi kpeaTuHdocdokiHasm (KPK) Buko-
pvicToByBanm kiHeTnyHWiA UV-TecT. [ins BU3HauYeHHs kpeatuHdocdokiHaan-MB (KPK-MB) 3actocoByBanu MeToz iMyHOIHTGyBaHHS
M-cy60auHULE i3 HACTYMHUM BU3HaYeHHsM UV-KiHeTu4HMM MeToaoM. [Ins BCTaHOBMEHHS 3aranbHoi naktatgerigporeHasu (J400)
3aCTOCOBYBAsW MOAMIKOBAHMI KONOPUMETPUYHUIA METOA, BUKOPWUCTOBYOYM HabIp peakTUBIB A4St KONIOPUMETPUYHOTO BUSHAYEHHS!
saranbHoi JIAT. Pisexb naktataerigporeHaau-1 (JIAT,) y cupoBsarLi KpoBi BCTAHOBUIM KIHETUYHUM Y® MeToaoM.

Pesynkratu. MNpoTsirom JocnigkeHHs BCTaHOBUNK, Wo B Aiter i3 HK BA pieHb K* y cupoBarui Ta eputpoumTax kposi bys
BIpOTiAHO HVX4MM NopiBHsHO 3 AiTbMK 3 YK BA, K BA, K BA 6e3 3miH y CCC i koHTponbHoi rpynu. Y giteit i3 YK BA piseHb
K*'y cuposartui kposi ByB BiporiHO 3HWKEHUI NOPIBHAHO 3 AiTbMYM i3 K BA, rpynoto NopiBHSHHS Ta KOHTPOSILHOK TPYOH0.
PieeHb 3aranbHoi KOK Ta isodepmenTy KPK-MB chpakuii B giteit i3 HK BA BrsiBUBCS BIipOrigHO BULLMM NOPIBHAHO 3 AiTbMW
34K BA, K BA, K BA 6e3 3miH y CCC Ta koHTponbHoi rpynu. Y aiten i3 YK BA piBeHb 3aranbHoi KPK y cupoBaTtLi KpoBi Takox
6yB BiporiaHo nigsuwweHnii nopieHsaHoO 3 K BA, K BA 6e3 amiH y CCC i 4iTbM1 KOHTPOMBHOI rpynu.

BucHoBku. Pesynbtatt JOCNIMKEHHSA BKa3yloTb Ha BIpOrigHE 3HWKEHHS PiBHSA Kanito B CUpoBATLi KPOBI, eputpouuTax i
306iMbLUEHHS BABIYI PiBHS 3aranbHoi kpeaTHgOCcokiHa3M Ta i3odhepMeHTy nakTataerigporeHasu-1, BTpudi — isocpepmeHTy
kpeatuHdocdokiHasn-MB dpakuii, B 1,5 pasa — 3aranbHoi naktataerigporeHasu B AiTeN i3 HEKOHTPONbOBAHUM Nnepebirom
GpoHxianbHOT acTMu.

Metaboanueckue HapyLlueHU B MMOKapAe Y AeTel ¢ OpOHXMaAbHOM aCTMOM

E. B. TepacumoBa, T. A. Mpoutok, A. A. Mpoutok, 0. b. AyaapeHko, A. B. Kyaewos

Lienb paboTki — n3y4nTb 0COGEHHOCTH 0BMeHa Kanus 1 MapkepoB NOBPEXAEHUA MUoKapaa Yy AeTew, 6ornbHbIX BpoHXuanbHow
acTmoi (BA) ¢ pa3HbiM YPOBHEM KOHTPONS.

Marepuansi u metoabl. O6cnegosanu 189 geteit B Bodpacte ot 6 40 17 neT, 6onbHbIx nepcucTupytowen bA. Mepsyto rpynny
cocTaBunyn 124 pebeHka c HekoHTpormpyembiM (HK) TeueHnem BonesHu, BTopyto — 30 NaumeHToB C YaCTUYHO KOHTPOINMPYEMON
(YK) n 35 naumenToB c koHTponmpyemoii (K) BA. B rpynny cpasHeHust Bowwnu 30 AeTel C KOHTPONMPOBaHHLIM TeveHnem bA
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6€3 13MEHEHUIN CO CTOPOHBI cepaeyHo-cocyancToi cuctembl (CCC). Mpynna koHTpons — 95 NpakTUYECKM 300POBbIX AeTel. [Ans
onpeneneHuns Kanus B 9puUTpoLMTax NPUMEHSAIN yHUULIMPOBaHHBI MeToz (DOTOMETPUM C MOMOLLbIO aHaNM3aTopa XWUaKoCcTH
MAX-1. Ons onpegenenus obuuei kpeatnHdocdokmnHasbl (KPK) ncnonbsosanm kuHetuyeckuin UV-Tect. [ins onpegenexns
kpeaTuHdoctoknHasbl -MB (KOK-MB) npumeHsinm MeTog MMMyHOUHMMBKpoBaHs M-cyGbeanHILL ¢ nocreayroLwmm onpeaere-
Hrem UV-kuHeTuueckum metogom. [ins onpegenexus obiuen naktaraeruaporeHassl (AN npuMeHsnu MoanhuumpoBaHHbIii
KONMOPUMETPUYECKNIA METOZ, C UCMONb30BaHNEM Habopa peakTWBOB AMnsi KONIopUMETpUYEeckoro onpeaenenus obwen AT
YposeHb nakTatgernaporeHassi-1 (JII7,) B CbIBOPOTKE KPOBM YCTaHABNMBAIN KUHETUYECKAM YO METOLOM.

Pe3ynkrathl. B X0ae vccnenoBanns yctaHoBneHo, 4to y Aeten ¢ HK BA yposeHb K* B CHIBOPOTKE 1 9pUTpOLMTaX KpoBU
[OCTOBEPHO HWxe Mo cpaBHeHuto ¢ AeTbMu ¢ YK BA, K BA, K BA 6e3 namererunii B CCC 1 KOHTPOMbHOM rpynnoit. Y geten
¢ YK BA ypoBeHb K* B CbIBOPOTKE KPOBY [OCTOBEPHO CHUXEH MO CPaBHEHMIO C AeTbMu C K BA, rpynnon cpaBHeHUs 1 KOH-
TponbHow rpynnoi. YpoeeHb 06wen KOK n nsodepmerta KOK-MB dpakumm, y aeten ¢ HK BA okasanca 4ocToBepHO BhiLle
no cpasHeHnto ¢ aetbMu ¢ YK BA, K BA, K BA 6e3 namenennii B8 CCC u koHTpornbHoi rpynne. Y aeteii ¢ YK BA ypoBeHb
o6Leit KPK B cbiBOPOTKe KPOBU Takke Obln 4OCTOBEPHO NOBbILLEH Mo cpaBHeHMio ¢ K BA, K BA 6e3 nsmenenuin 8 CCC u
[ETbMM KOHTPOMbHON rpynmbl.

BbiBoabI. Pesynbrarth! nccnenoBaHys ykasbiBakoT Ha JOCTOBEPHOE CHIMKEHWE YPOBHS Kanus B CbIBOPOTKE KPOBM, 3pUTpoLMTax
1 yBenmuyeHve Basoe ypoeHs obien KOK n nsodepmenta AT, BTpoe — nsopepmenta KOK-MB dpakumn, B 1,5 pasa — obLueit

NakTaraerngporeHasbl y faeTen ¢ HEKOHTPONMPYEMbIM TEHEHMEM 6p0meaan017| aCTMbl.

Bronchial asthma (BA), a chronic recurring disease,
remains an urgent medical, social, economic problem
of modern society and public health service [1]. This
is determined by a number of factors including steady
increased morbidity, early onset of the disease, late
diagnostics, necessity in a long-term basic therapy and
constant control of disease symptoms [2].

Severe choking fits, emphysema of the lungs, chronic
hypoxia and hypoxemia, developing in BA, marked neu-
rovegetative imbalance, steady rise of pulmonary artery
pressure are accompanied by considerable disturbances
of metabolic processes in the myocardium [3]. Deficiency
of ATP in myocardium during hypoxia and hypoxemia re-
sults in various myocardial dysfunctions on the systemic,
cellular, subcellular and molecular levels. These changes
lead to inability of myocardial cells to maintain proper
metabolism for their life activity and functioning [4]. For
this reason, early diagnostics of myocardial metabolic
disturbances are of great significance.

The earliest manifestation of significant metabol-
ic and morphologic changes in the myocardium in
moderate and severe BA is an increase of enzymes of
creatine phosphokinase fraction (CPK-MB) and lactic
dehydrogenase-1 (LDH1) in blood [5]. Levels of those
enzymes are increased by 10-46 % in 50 % of children
with moderate BA, while 30-52 % increase of CPK-MB
and LDH1levels is noted in 70% of children with severe
BA[5]. An increased level of cardio-specific enzymes is
observed two-three weeks before ECG shows the signs
of repolarization and depolarization disturbances. This
can serve as diagnostic and prognostic criteria of BA
severity, as well as the evidence of the efficiency of
drug therapy of underlying disease and cardiovascular
disorders [6].

Dealing with the problem “bronchial asthma and
the heart”, the role of micro-element potassium (K*)
should be emphasized. Potassium is known to promote
intensive water excretion — it facilitates the functioning of
cardiovascular system (CVS) in case of its insufficiency,
participates in formation of electric pulses in the heart, and
myocardial contractility. Normal K* level prevents arrhyth-
mias, improves oxygen supply of brain cells, decreases
blood pressure, prevents fatigue, increases physical
endurance. There are BA cases, when serum K* level
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is considerably decreased, primarily due to the inhaled
beta-2 agonists. Their frequent use leads to penetration
of potassium into the cells and, subsequently, to its de-
creased level in the blood by 0.5-1.0 mEg/l. A number
of studies demonstrated beta-2 agonists, short-acting in
particular, to cause decreased serum potassium level
[7,8]. It should be considered, that glucocorticoids can
increase the urine excretion of potassium as well. Thus,
unsystematic intake of beta-2 agonists, unreasonable
increase of glucocorticoid doses can trigger negative ef-
fects related to the disturbances of potassium metabolism.

Objective

To study specific features of potassium metabolism and
myocardial damage markers in the children with bronchial
asthma, depending on the level of BA control.

Materials and methods

Comprehensive examination was carried out in 189
children with persistent BA aged 617 years, treated at
the in-patient pulmonology department of Vinnytsia Re-
gional Clinical Hospital, and 95 apparently healthy children
of the control group. The comparison group consisted of
30 patients with controlled asthma (BA) without changes
from the cardiovascular system (CVS). The diagnosis
was made according to the criteria presented in the “Pro-
tocol of diagnosis and treatment of bronchial asthma in
children”, approved by the Order of the Ministry of Health
of Ukraine of October 8, 2013.The children were divided
into groups according to BA control level, determined by
asthma control test (ACT-test). Group 1 consisted of 124
patients (65.61 %) with uncontrolled course of the disease
(UC BA), group 2 — 30 patients (15.87 %) with partially
controlled BA (PC BA) and 35 patients (18.52 %) with
controlled BA (C BA).

Inclusion criteria were the following: previously ver-
ified BA not less than for two years; age between 6 and
17 years inclusive; period of BA exacerbation; increase
of FEV1 >12 % after salbutamol inhalation according to
spirography data and/or PEFR variability of >20 % after
peakflowmetry; presence of day symptoms not less than
2 episodes a week; those who had received basic therapy
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in SMART regime; ability of patients and their parents to
realize the information in ACT-test and questionnaires
on quality of life of children; ability to use inhaler and
peak flow meter properly; informed consent of parents to
cooperate with the investigator in the study.

Exclusion criteria were the following: FEV1 <60 % of
normal; intake of drugs not indicated in clinical protocol
of BAtreatment in children; continuous basic therapy with
systemic glucocorticosteroids (GS) and antileukotrienes
for a month or more before the enrollment; hypersensi-
tivity and/or contraindications to components of the drugs
included in treatment regimen.

The unified flame photometry method with fluid ana-
lyzer FFA-1 (Ukraine) was used to determine the eryth-
rocyte potassium level. Total creatine phosphokinase
(CPK) level was estimated by UV-test (NAC-activation)
with CPK determination kit, and control serums SERO-
DOS, produced by the firm “Human”, Germany. Accord-
ing to this method, the norm of creatine phosphokinase
in serum was: in girls 6-12 years old — 154 U/l, 12-17
years — 123 U/l; in boys 6-12 years — 247 U/, 12-17
years — 270 U/I.

Creatine phosphokinase-MB (CPK-MB) level was
determined by M-subunit immunoinhibition and UV-ki-
netic method with the kit for CPK-MB determination, and
control serums with human CPK-MB (the firm “Human”,
Germany). According to this method, the norm of creatine
phosphokinase-MB in blood serum was: 24 U/I.

Total lactic dehydrogenase-1 (LDH1) level was
calculated by modified colorimetric method using an
assay kit for colorimetric determination of total LDH, and
control serums SERODOS (the firm “Human”, Germany).
“Humalyzer 2000” device, produced by the firm “Human”
(Germany), was used to determine CPK, CPK-MB and
LDH levels. The norm of total LDH in blood serum was:
in children 2-10 years — not more than 290 U/l, over 12
years — not more than 250 U/.

Serum LDH1 level was estimated by UV-method
with the kit for determination of isoenzyme LDH1 activity,
produced by the firm “Filicit-Diagnostics” (Ukraine), with
photoelectric photometer CPK-3-01 (Zagorsk Factory
of Optical Mechanics, RF). According to this method,
the LDH1 norm in serum was 72—182 U/.

Statistical data processing was done with Statistical
package for Windows v. 8.0 (NeAXXR910A374605FA)
using parametric and nonparametric methods. The normal
distribution was evaluated according to Shapiro—Wilk
test. Digital information of all clinical investigations was
processed by variance statistical method calculating
the mean value (M) and its error (m). The significance
of difference between two means was calculated by Stu-
dent’s t-test (t), between two relative values — by Fisher
angular transformation method (f). For all specific data,
the median (Me), lower and upper quartiles [LQ 25-UQ 75]
were established. Two unrelated groups were compared
by Mann-Whitney U-test. Two related samples were
compared by Wilcoxon T-test. All P values of less than
0.05 were considered to indicate statistical significance.
Correlation analysis with calculation of Spearman rank
correlation (r) was used to establish the relationship
between the studied indices.
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Results

In the children with UC BA serum K* level was found to be
3.2[3.0-4.0] mmol/l, being significantly lower compared to
the children with PC BA— 3.7 [3.2—4.2] mmol/l (P < 0.01),
C BA-4.2[3.8-4.5] mmol/l (P < 0.001), C BA with no
changes in CVS- 4.3 [3.8-4.7] mmol/l (P < 0.001), and
the control group — 4.4 [3.9-4.8] mmol/l (P < 0.001).
Besides, in the children with PC BA serum K* level was
also significantly decreased compared to those with
C BA, the group of comparison and the control group
(P<0.01) (Fig. 1).

The analysis of erythrocyte K* level demonstrated it
to be 68.0 [60.0-80.0] mmol/l in the children with UC BA,
being significantly lower compared to the children with PC
BA - 80.0 [62.0-84.0] mmol/l, (P < 0.001), C BA-82.0
[78.0-92.0] mmol/l (P < 0.001), C BA with no changes in
CVS -83.3[79.0-92.0] mmol/l (P < 0.001), and the con-
trol group — 84.3 [80.0-93.0] mmol/l, (P < 0.001). No
significant difference in erythrocyte K* level was found in
the children with PC BA, C BA, C BA with no changes in
CVS and the control group (P > 0.05).

The analysis of the ratio of K* level in blood serum
to that in erythrocytes showed that 32.3 + 4.2 % of chil-
dren with UC BA and 13.3 £ 6.2 % of those with PC BA
(P < 0.05) had hypokalemia. Hypokalihistia was found in
18.5 1 3.5 % of the children with UC BAandin 10.0+ 5.5 %
of those with PC BA (P > 0.05). Simultaneous decrease of
K* level in blood serum and erythrocytes was observed in
17.7 + 3.4 % of children with UC BAand in 6.7 + 4.6 % of
those with PC BA (P > 0.05). Conversely, hypokalemia, hy-
pokalihistia and simultaneous decrease of K* level in blood
serum and erythrocytes were not revealed in the children
with C BA, the group of comparison and the control group.

As the decreased K* level in blood serum and eryth-
rocytes was found to be more evident in the children with
UC BA, we set the goal to establish the most likely causes
of its decrease in that category of children.

Positive moderate correlation relationship was found
between the frequency of short-acting beta-2 agonist intake
and hypokalemia in the children with UC BA (r = 0.45,
P < 0.001). In those children positive moderate correla-
tion relationship between the duration of the disease and
erythrocyte K* level was found as well (r = 0.40, P <0.001).

In the children with UC BAand simultaneous decrease
of K* level in blood serum and erythrocytes the following
correlation relationships were found: positive moderate
correlation relationship between K*value and the fre-
quency of short-acting beta-2 agonist intake (r = 0.42,
P < 0.001), as well as positive moderate correlation
relationship between the duration of the disease and
simultaneous decrease of K* level in blood serum and
erythrocytes (r = 0.49, P < 0.001). In those category
of children negative moderate correlation relationship
between the compliance to basic therapy and simulta-
neous hypokalemia and hypokalihistia was found as well
(r=-0.40, P <0.05).

Among the children with UC BA and hypokale-
mia, 42.7 + 4.4 % had T wave amplitude decrease,
7.3+2.2%—ST segment depression, and 20.2 + 3.6 % —
simultaneous T wave amplitude decrease and ST seg-
ment depression. Among those with hypokalihistia and
uncontrolled BA course, 47.6 + 4.5 % had prolonged QT
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interval, 16.9 + 3.4 % — ST segment depression, and
34.7 £ 4.3 % — simultaneous T wave amplitude decrease
and ST segment depression. In the group of children with
UC BA and simultaneous decrease of K* level in blood
serum and erythrocytes, 77.4 + 3.7 % had combined
ECG changes: prolonged QT interval, T wave amplitude
decrease and ST segment depression. Prolonged QT
interval was found in 22.5 + 3.7 % of children.

The children with UC BA, hypokalihistia, and com-
bined hypokalemia and hypokalihistia had prolonged QT
interval more often, indicating an increased risk of fatal
arrhythmias and sudden death syndrome.

The results of study of myocardial damage markers,
depending on various levels of BA control. Total CPK
level was 295.1 [290.1-302.2] U/l in the children with UC
BA, being significantly higher compared to those with PC
BA - 225.0 [180.0-289.3] U/l (P < 0.01), C BA— 1551
[143.1-175.0] U/l (P < 0.001), C BA without CVS chang-
es — 153.3 [140.2-173.0] U/l (P < 0.001) and the control
group — 152 [140.2-172.0] U/l (P < 0.001). In the children
with PC BA, total serum CPK level was also significantly
higher compared to C BA (P < 0.01), C BA without CVS
(P < 0.01) changes and the control group (P < 0.01).
There was no significant difference between that index in
the children with C BA, C BA without CVS changes and
the control group (P > 0.05) (Fig. 2).

Having analyzed CPK-MB isoenzyme level in all stud-
ied groups, a similar tendency was found: its significant
increase in the children with UC BA—-61.2[46.0-69.5] U/l
compared to the children with PC BA - 37.5 [25.0-52.2]
U/l (P < 0.01), C BA-22.5[19.2-26.8] U/l (P < 0,001),
C BA without CVS changes — 20.0 [18.4-24.4] U/|
(P <0.001) and the control group — 19.6 [16.2-22.3] U/I
(P < 0.001). CPK-MB level in the children with PC BA
was also significantly increased compared to those with
C BA, C BA without CVS changes and the control group
(P <0.01) (Fig. 2).

Total serum LDH level was found to be significantly in-
creased in the children with UC BA-406.2 [260.2—496.2]
U/l compared to those with PC BA—270.2 [246.0-316.2]
U/ (P <0.01), CBA-262.3[242.1-306.2] U/l (P <0.001),
C BA without CVS changes — 261.1 [241.1-302.3] U/l
(P <0.001) and the control group — 260.0 [240.2-293.0]
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Fig. 1. The level of serum potassium in children at different levels of bronchial asthma control (mmol/l).

U/l (P < 0.001). No other difference in that index within
the comparison groups was found (P > 0.05). Having
calculated isoenzyme LDH level as percentage of total
serum LDH in the children with BA depending on the lev-
el of its control, it was found to be increased twofold in
the children with UC BA compared to those of the control
group and C BA (P < 0.001), and by 1.8 times compared
to those with PC BA (P < 0.05) (Fig. 2).

Discussion

When uncontrolled, asthma can limit the daily activities
and is sometimes fatal. Acute severe asthma represents
progressive airway narrowing to the extent where
the patient is distressed at rest and may have signs of
cardiac stress. Bronchial asthma independently increases
the risk of developing cardiovascular disease [8]. There
are limited data on electrolyte disturbances in acute
asthma. The present study was designed to investigate
specific features of potassium metabolism and myocardial
damage markers in the children with bronchial asthma,
depending on the level of BA control. We know that, po-
tassium is the second most abundant cation in the body
and electrolyte levels directly influence excitability of
airway smooth muscles (ASM) by influencing the state of
ion exchangers and Na*/K* pump. Possible hypotheses

406.2
295.1
262.3 270.2
61.2
PCBA uC BA

Fig. 2. The level of general CPK, CPK-MB isoenzyme and total serum LDH in children at different levels of control of bronchial asthma, (U/l).
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that may lead to airway reactivity include a direct effect
of electrolytes on bronchial smooth muscle contractility
as well as potential enhancement of the release of mast
cell-derived inflammatory mediators, possibly through
airway osmolarity changes [9].

On the other hand, we noticed that more patients with
acute asthma exacerbation had hypokalemia and there
was a significant decrease in potassium level. In our study,
proportions were for potassium, in the children with UC
BA serum K* level was found to be 3.2 [3.0-4.0] mmol/l,
being significantly lower compared to the children with
PC BA - 3.7 [3.2-4.2] mmol/l n (P < 0.01), CBA-4.2
[3.8-4.5] mmol/l (P < 0.001), this is in agreement with
the study by P. Ravikumar et al., who also noticed that
the lowest proportions for potassium serum levels were
3.30 £ 0.01 mmol/l [8].

Treatment of acute asthma consists of repeated
doses of nebulized B,-agonists, systemic steroids and
aminophylline in unresponsive cases. The administration
of salbutamol during the emergency treatment of acute
severe asthma was shown to be associated with a sig-
nificant decrease in serum magnesium, potassium and
phosphate levels [12].

Results similar to our results were obtained by
S. N. Karmali et al. [13], who concluded that a single dose
of B,-agonist increased the heart rate by 9.12 beats/min
and reduced the potassium concentration by 0.36 mmol/L,
compared to placebo. For trials lasting from 3 days to 1
year, B,-agonist treatment significantly increased the risk
for a cardiovascular event (relative risk [RR], 2.54; 95 % Cl,
1.59t0 4.05) compared to placebo. The RR for sinus tachy-
cardia alone was 3.06 and for all other events it was 1.66.

Present study is consistent with study done by
A. M. Hala et al. [10] that the therapeutic drugs adminis-
tered for the management of asthma were found to have
an effect on the serum potassium levels. Hypokalemia
were more prevalent among asthmatics that received
2-agonist in either monotherapy or combined with steroid
and or theophylline, whereas A. Lorensia et al. [11] found
that there is no significant difference in sodium (P > 0.866)
and potassium (P > 0.470) level in blood as a response to
the asthma exacerbations treatment by intravenous ami-
nophylline compared to nebulized salbutamol. Although
there was no significant difference in the incidence of
electrolyte disturbances in both drugs, but close moni-
toring is still needed to prevent any side effects incident.

The study by V. Arunachalam et al. [9] revealed
the decrease in serum potassium level is high in children
who received more than three doses of salbutamol.

Recently, the results of N. Shaikh et al. [14] study
indicated that serum electrolytes like magnesium, potas-
sium and phosphate decreased significantly in patients
with acute severe asthma who were on treatment with
nebulized salbutamol. The mechanism and clinical sig-
nificance of these findings are unclear and they require
further studies.

Salbutamol is an adrenergic agonist which principle
effect is stimulation of 32-receptors with resultant bron-
chodilation. Compared with oral or parenteral routes of
administration, inhalation of salbutamol has reportedly
been associated with fewer systemic side-effects for
equivalent bronchodilator effect [15].
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Nevertheless, there is evidence of systemic ab-
sorption of the inhaled drug, which may result in clinical
significance. As inhaled B,-agonists have systemic car-
diovascular effects, and elevations in arterial stiffness and
sympathetic nerve activity are associated with increased
cardiovascular morbidity/mortality [16].

Our study found that the children with UC BA, hypoka-
lihistia, and combined hypokalemia and hypokalihistia had
prolonged QT interval more often, indicating an increased
risk of fatal arrhythmias and sudden death syndrome that
this is in agreement with the study by H. Edgell et al. [15],
who also noticed that the hypokalemia, hypomagnesemia,
and hypocalcemia are well-known causes of cardiac
arrhythmia. In another study, it was found that sodium,
potassium and magnesium concentrations of asthmatic
patients showed no significant differences in the means
when compared with the control group, but elevated
levels of sodium were associated with poor ventilatory
function. High levels of potassium were associated with
better pulmonary ventilation [17].

The influence of pathogenic factors in bronchial
asthma leads to violations of metabolic processes in
the myocardium. The earliest manifestations of significant
metabolic and morphological changes in the myocardium
in BA are the increase in the content of myocardial da-
mage markers in the blood [18].

According to the study by F. Healy et al. [19] an in-
crease in the level of cardiospecific enzymes is observed
for 2-3 weeks previously observed on ECG signs of
violation of repolarization and depolarization, which can
serve as a diagnostic and prognostic criterion of severity
of asthma, as well as adequacy of medical therapy as
the main disease and detected violations of the cardio-
vascular system.

In the study, V. Umalakshmi and K. Bhargavi [20]
established a significant increase of creatine kinase
(P < 0.01), lactate dehydrogenase (P < 0.01) and lipid
profile (P < 0.01) in exacerbation of asthma when com-
pared to controls. No statistical significance was observed
in stable asthma when compared to controls. Creatine
kinase and lactate dehydrogenase levels increased
significantly and lipid profile showed a decrease in ex-
acerbating asthma when compared to stable asthma
patients. To correlate these levels and predict the risk
of severity of asthma and help the clinician in diagnosis
and implementation of appropriate treatment and prevent
the risk of fatal asthma.

What coincides with the data obtained by us? In our
study it is established that in children with uncontrolled
asthma decrease of the level of potassium in the blood
serum and in red blood cells, increase of the level of total
creatine phosphokinase and isoenzymes of LDH-1 by two
times, isoenzyme creatine phosphokinase-MB fraction by
three times and increase of the total lactate dehydroge-
nase by 1.5 times were marked more significantly.

Conclusion

Thus, the study demonstrated significant decrease of po-
tassium level in blood serum and erythrocytes, increase of
total creatine phosphokinase and lactic dehydrogenase-1
isoenzyme levels, increase in creatine phosphokinase-MB
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isoenzyme level, and one and a half time increase of total
lactic dehydrogenase in the children with uncontrolled
course of bronchial asthma. The major reasons of de-
creased potassium level in blood serum and erythrocytes
are misuse of short-acting beta-2 agonists, prolonged
course of the disease, and noncompliance of basic therapy.

Directions for future research. The results of
the study have led to the conclusion that the children
with uncontrolled bronchial asthma require correction of
metabolic disturbances of myocardium. Because of that,
further investigations should involve the assessment of
basic therapy efficiency in combination with cardiopro-
tective drugs.
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