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Abstract. Part of the patients with chronic obstructive pulmonary disease (COPD) despite receiving the recommended inhalation
treatment continues to complain of cough with difficulty expectorating sputum. For this group of patients, the additional prescrip-
tion of mucolytic drugs, namely acetylcysteine and 3% hypertonic saline is indicated.

Materials and methods. To compare the effectiveness of additional inhalation of acetylcysteine and 3% hypertonic saline in
patients with stable COPD, 67 patients with a confirmed diagnosis of COPD and disease duration from 1 to 18 years were exam-
ined. Simple randomization was used to form two groups of patients. The first group (n = 34) inhaled 3 ml of 10% acetylcysteine
solution twice daily via a nebulizer, which amounted to 600 mg of the active substance daily, while the second group (n = 33)
received 4 ml of 3% hypertonic saline solution also twice daily. All 67 patients completed the 10-day course of inhalation treatment
and underwent a control examination. The treatment effectiveness was evaluated with validated questionnaires, including the
CAT, CCQ, SGRQ, mMRC, and a questionnaire for the severity of daytime and nighttime cough, as well as laboratory and instru-
mental studies: spirometry and sputum analysis before and immediately after the treatment.

Results. In both groups of patients after a course of inhalation of acetylcysteine and hypertonic saline a significant improvement in
the patient's condition was observed according to the results of the CAT, CCQ questionnaires and the decrease in the severity of
both daytime and nighttime cough. In addition, the use of acetylcysteine also had a positive effect on the dynamics of the value of
forced expiratory volume in 1 second (FEV) ). Significant changes in the results of the 6-minute walk test, nMRC, SGRQ question-
naires, the number of leukocytes in sputum in both groups, as well as FEV, values in the group where the hypertonic solution was
used were not detected.

Conclusions. Additional inhalation of mucoactive drugs in patients with COPD in a stable condition who continued to complain
of cough with sputum production had a positive effect on the clinical manifestation of the disease, and also improved lung function

parameters in patients who took acetylcysteine.

Introduction. Chronic obstructive pulmonary
disease (COPD) is the third leading cause of death
worldwide [7], making the question of improving the
effectiveness of treatment for this disease one of the
most pressing issues today. In Ukraine, at least 4%, and
according to various data 6-12%, of the population
have COPD, while approximately 2% of deaths among
Ukrainians are caused by this condition [22].

COPD is known to be a heterogeneous lung dis-
ease accompanied by persistent respiratory symptoms
and characterized by inflammatory changes in the air-
ways and alveoli, leading to a permanent, often progres-
sive bronchial obstruction. This disease can be prevent-
ed and treated, but some patients who receive modern
international guideline-based therapy in the form of
inhaled bronchodilators and glucocorticoids, or their
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various combinations, continue to complain of a pro-
longed cough with production of viscous sputum. For
this group of patients particularly, the prescription of
mucoactive agents among which acetylcysteine and 3%
hypertonic saline with the aim of improving airway
patency and reducing the risk of sputum infection and
the development of infectious exacerbations of COPD
is appropriate [14, 20]. Previous studies have demon-
strated that the use of mucoactive agents, primarily
acetylcysteine, reduces the number of COPD exacerba-
tions during the year at long-term use, and during exac-
erbations reduces the level of inflammatory markers,
enhances bacterial eradication, and provides better
subjective outcomes compared with placebo. These
findings can be explained by the effects on mucus vis-
cosity and mucociliary clearance [6, 9]. Several clinical
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trials of acetylcysteine and carbocysteine indicate that
these drugs influence not only on mucociliary proper-
ties of the airways, but also act as antioxidant agents
[21], as growing evidences suggests that oxidative
stress plays a key role in the pathogenesis of COPD.
Oxidative stress triggers several secondary effects, such
as inactivation of antiproteases, activation of proteases,
and the expression of interleukin-8 and tumor necrosis
factor-a, which are directly involved in inflammatory
mechanisms. The mechanism of action of hypertonic
saline, in turn, can be explained by its effects on the
regulation of fluid transport through the respiratory
epithelium and on improvement of mucociliary clear-
ance [2].

Objective. To compare the effectiveness of addi-
tional inhalation of acetylcysteine and 3% hypertonic
saline in patients with stable COPD and hyperproduc-
tion of sputum that is difficult to expectorate.

Materials and Methods. By simple randomiza-
tion, 55 men (82.8%) and 12 women (17.2%) aged 47
to 80 years (mean age 64.1 £ 7.2 years) were included
in the groups receiving inhaled acetylcysteine and a 3%
hypertonic saline. All patients had a diagnosis of COPD
established at least 12 months prior to study inclusion
according to international guidelines (spirometric cri-
terion FEV, / FVC < 0.7), with disease duration rang-
ing from 1 to 18 years (7.7 + 5.2 years). According to
the GOLD (Global Initiative for Chronic Obstructive

Lung Disease) clinical classification, which takes into
account the frequency of exacerbations and the pres-
ence of symptoms in patients with COPD, the patients
belonged to clinical groups B (n = 38) and E (n = 29),
which is corresponding to group D in earlier versions of
the guidelines. All patients had spirometric parameters
consistent with GOLD stages 24 of airflow obstruc-
tion [7].

As shown in the table, the group receiving inhaled
acetylcysteine included a higher number of female par-
ticipants compared to the group receiving 3% hyper-
tonic saline (p < 0.05), although no statistically signifi-
cant difference between groups for the number of male
participants was found. In the same group nighttime
cough also was more pronounced. All other character-
istics assessed during the study were comparable.

Patients in both groups received inhalation thera-
py administered via a compressor nebulizer for 10 days.
Participants in the first group (n = 34) used 3 ml of 10%
acetylcysteine solution (Ingamist, YURIA PHARM),
while the patients in the second group (n = 33) inhaled
4 ml of 3% hypertonic saline solution (LORDE Hyper
3%, YURIA PHARM). All 67 patients completed the
10-day treatment course and underwent follow-up
evaluation.

The treatment effectiveness was assessed using
validated questionnaires CAT (COPD Assessment
Test), CCQ_(Clinical COPD Questionnaire), SGRQ

Table 1. Clinical-demographic and spirometric characteristics of the patients with COPD before a course
of inhalation treatment with mucoactive drugs

Indicators Acetylcysteine (n = 34) 3% hypertonic saline (n = 33)
Women, % 26.4% 10%*
Men, % 73.6 90%
Age, years (+0) 652+7.18 63.9 £8.21
Disease duration, years 851711 8.0+£7.83
Clinical group B, % 70.4 24.2
Clinical group E, % 29.6 75.8
. Smokers 73.5% 60.6%

Smoking, 9% ex-smokers 26.5% 39.4%
6-minute walk test, m (*o) 266.7 + 48.5 289 +59.3
CAT, points 22.97 £ 3.6 23.08 £ 4.00
mMRC, points Me (QI-QIII) 2 (2-3) 2 (2-3)
CCQ, points 32.48 + 8.64 30.54 £ 7.06
SGRQ total, points 51.40 £ 8.05 48.87 +7.90
Daytime cough, points Me (QI-QIII) 2(2-3) 2 (2-3)
Nighttime cough, points Me (QI-QIII) 1(1-2) 1(0-1)*
FEV L 1.23 £ 0.49 1.48 + 0.66

! % 43.98 +18.30 45.67 £ 15.21
Leukocyte count in sputum, quartiles Me (QI-QIII) 2(2-3) 2(2-3)

* — difference between the groups, p < 0.0S.

ACTMA TA ANTEPTIA « 1+ (25) « 2026 =——

http://asthma-allergy.com.ua



(St. George’s Respiratory Questionnaire), mMRC
(modified Medical Research Council), a questionnaire
evaluating daytime and nighttime cough severity, as
well as laboratory and instrumental studies such as spi-
rometry and sputum analysis, where leukocyte count
was expressed numerically as 1, 2, 3, or 4 according to
the quartile distribution of the obtained dataset before
and immediately after treatment.

Statistical analysis included descriptive statistics.
Data distribution was assessed using the Shapiro-Wilk
test. Mean values are presented as mean * standard
error (+0), qualitative data as percentages. For normal-
ly distributed data, parametric tests were applied: t-test
for independent samples when comparing two groups,
and paired t-test for comparing pre- and post-treatment
results. For non-normal data distributions nonparamet-
ric tests were used: Mann-Whitney test and Wilcoxon
test. Differences were considered significant at p < 0.05.
Statistical analysis was performed using Microsoft
Office Excel 2016 (Microsoft Corp., USA).

Results. In both patient groups, after the course of
inhalations with either acetylcysteine or hypertonic
saline, a significant improvement in clinical condition
was observed. This was evidenced by a statistically sig-
nificant reduction in COPD severity scores and respira-
tory symptom dynamics according to the CAT and
CCQ questionnaires, as well as a decrease in the sever-
ity of both daytime and nighttime cough. In the group
receiving inhaled acetylcysteine, a statistically signifi-
cant positive improvement in FEV, was also detected.
No significant changes were observed in the 6-minute
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walk test results,; mMRC and SGRQ_questionnaire
scores, sputum leukocyte count in both groups, nor in
FEV, values in the group treated with hypertonic
saline. The between-group difference in the dynamics
of the assessed parameters was significant only for the
spirometric indicator, favoring the patients treated with
acetylcysteine, as shown in Table 2.

The tolerability of the 10-day course of nebulized
hypertonic saline and acetylcysteine was generally satis-
factory. Adverse events were observed in 6 patients in
the hypertonic saline group (18.8 %): in 3 patients, an
increase in cough was noted during inhalations, though
this did not interrupt completion of the treatment
according to the study protocol. Two patients reported
dryness of the oropharyngeal mucosa, and one patient
complained of headache after the first two inhalations
of the 3% hypertonic saline. Most patients also report-
ed a salty taste in the mouth. In the group using inhaled
acetylcysteine, three patients (8.8%) noted a significant
increase in coughing immediately after starting the
inhalation of the medication, but the symptoms disap-
peared on their own within a few minutes of rest after
the inhalation, which allowed treatment to continue.
The occurrence of adverse events during treatment in
either group did not lead to interruption of the treat-
ment course or discontinuation in any case.

Discussion. The impact of mucoactive agents on
the course of COPD has been previously demonstrated
in numerous studies that varied in patient population
(stable duration or exacerbation), drug dosages, routes
of administration, and duration of therapy. Overall, the

Table 2. Changes in clinical, spirometric, and laboratory parameters in the patients with COPD following
a 10-day inhalation treatment

Acetylcysteine (n = 34) 3% hypertonic saline (n = 33)
Indicators before after before after P
treatment treatmentt Py treatment treatment Py 2
6-minute walk test, m (+o) 266.7 £ 48,5| 270.32 £ 48,4 | 0.309 289+ 59.3 |250.12+55.91|0.775| 0.224
CAT, points 2297 £3.60| 20.15+5.17 |0.003| 23.08 £4.00 21.13£4.53 [0.003 | 0.502
mMRC, points Me (QI-QIII) 2(2:3) 2(23)  |0061| 2(2:3) 2(23)  |0.129] 0201
CCQ, points 3248 £8.64 | 29.91 +8.81 | 0.022 | 30.54 +7.06 27.88 £7.07 [0.001 | 0.430
SGRQ total, points 51.40 £8.05|48.91 +12.06 | 0.509 | 48.87 £7.90 47.55+9.14 [0.156| 0.298
Daytime cough, points Me (QI-QII) 2(2:3) 2(23)  |0012| 2(2:3) 2(12)  |0.008]0.192
Nighttime cough, points Me (QI-QIII) 1(1-2) 1(02) |0004| 1(0-1) 0(0-1)  |0.012]0.087
FEV L 1.23 £ 0.49 1.36 £ 0.5 0.05 1.48 + 0.66 1.50 £ 0.66 |0.431|0.023
1 % 4398 + 18.3 | 48.85+ 16.07 | 0.048 | 45.67 +15.21 | 50.23 +20.04 |0.521 | 0.432
Leukocyte count in sputum, quartiles Me (QI-QIIT) | 2 (2-3) 2 (2-3) 0.180 2 (2-3) 2(2-3) 0.433 | 0.945

Note. p, - significance of differences between baseline and post-treatment values within the group; p, - significance of differences in

treatment-induced changes between the groups.
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results have been inconsistent and do not allow defini-
tive conclusions regarding their use [3, 10, 17].

In a meta-analysis, Cazzola et al. [3] analyzed data
from 13 studies of acetylcysteine treatment of COPD,
in which the effects of high (above 600 mg / day up to
1200 mg / day) doses were compared with low (< 600
mg / day). The authors concluded that high doses
should be used to prevent COPD exacerbations.
Another meta-analysis [ 12] reported a positive effect of
oral acetylcysteine on the manifestations of COPD
exacerbation symptoms, improvement in lung function
(FEV, and FEV, / FVC), and increased antioxidant
capacity. However, in a later study assessing the effec-
tiveness of long-term (24-month) oral high-dose ace-
tylcysteine neither a reduction in exacerbation risk nor
significant effects on spirometric parameters were con-
firmed [19]. In contrast, when patients were stratified
by genetic markers in a study by Zhou et al. [17], a
reduction in exacerbation frequency, improvement in
spirometric values, and better quality of life were
demonstrated in the patients with COPD without the
L-allele of the HO-1 gene who received oral acetylcys-
teine 600 mg / day.

A 2023 meta-analysis demonstrated the effective-
ness of long-term (from 2 months to 3 years) oral ace-
tylcysteine in the patients with COPD, as well as
improved quality of life in patients with chronic bron-
chitis [13]. Another meta-analysis published in the
same year did not confirm these positive findings [10],
which may be explained by the heterogeneity of the
population of studied patients.

At the same time the use of inhaled acetylcysteine
in COPD exacerbations has shown improvement in
symptoms and increased partial pressure of arterial oxy-
gen (PaO,) [4], significant reductions in inflammatory
markers in serum and sputum, and improvement in
lung ventilation parameters [11]. According to Chin
Kook Rhee et al. [15], a 12-week course of inhaled ace-
tylcysteine reduced sputum volume in patients with
stable COPD.

Our findings partially confirm results from previ-
ous studies, particularly regarding the positive effects of
acetylcysteine on spirometric parameters and symptom
severity, primarily nighttime and daytime cough.
However, the most studies demonstrated these effects
for oral rather than inhaled administration of drug,

Data on the use of hypertonic saline as inhalation
therapy in patients with COPD also vary substantially
in terms of concentrations, patient populations, and
reported outcomes. In a study assessing 5.8% hyperton-

ic saline in patients with bronchial hypersecretion,
including patients with COPD, the treatment was
found to be safe and showed significant clinical bene-
fits: reductions in bronchorrhea, recurrent infections,
frequency of antibiotic prescriptions, increases in FEV,
and reductions in primary care visits, emergency depart-
ment visits, and hospitalizations [8]. Good treatment
tolerability was reported in 72.3% of participants.
However, another study showed that adverse spiromet-
ric responses to hypertonic saline are common in
patients with moderate to severe COPD, including
bronchospasm and lung hyperinflation, potentially
mediated partly by mast cell activation [16]. Another
study found greater improvement in the 6-minute walk
test with isotonic saline compared to hypertonic saline
because hypertonic saline was associated with more
adverse effects [21].

At the same time other authors using 7% hyperton-
ic saline demonstrated good compliance and treatment
safety in patients with COPD with moderate and severe
lung function impairment [5]. In patients with chronic
bronchitis, inhaled 7% hypertonic saline solution was
also safe [1].

In our study, the positive effect of a 10-day course
of inhaled 3% hypertonic saline on clinical manifesta-
tions of stable COPD consisted of reduction in severity
symptoms according to CAT and CCQ questionnaires,
as well as decreased daytime and nighttime cough, par-
tially confirming previous findings. The tolerability of
3% hypertonic saline inhalations in our patient popula-
tion was clinically acceptable and did not interfere with
or worsen treatment outcomes.

Conclusion

1. In some patients with COPD who have per-
sistent hyperproduction of viscous sputum even in a
stable condition, the prescription of mucoactive agents
is pathogenetically justified.

2. The use of inhaled mucoactive drugs via nebuliz-
er in patients with COPD can improve sputum elimina-
tion, facilitate breathing, and improve the course of the
disease.

3. A significant improvement in patients’ condition
after a course of inhalations with either acetylcysteine
or hypertonic saline was observed. This was evidenced
by a statistically significant reduction in COPD severity
score and improvement in respiratory symptoms
according to the CAT and CCQ questionnaires, as well
as a decrease in the severity of both daytime and night-
time cough. In the group receiving inhaled acetylcyste-
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ine, a statistically significant positive change in FEV,
was also observed.

4. The tolerability of inhaled acetylcysteine and
3% hypertonic saline in patients with COPD was

ORIGINAL RESEARCH

satisfactory. Adverse effects are observed only in a
limited number of cases and do not significantly
affect patients’ condition or lead to discontinuation
of treatment.

EQEKTUBHICTb IHFTAJIALIAHOIO 3ACTOCYBAHHA ALEETUJILUCTETHY
TATINEPTOHIYHOIO PO34YUHY HATPIIO XJIOPUAY V NALIIEHTIB 3 XO3N1

0. b. AipemeHkKo, H. M. KysbmeHkKo, [1. B. lo6psAHcbKMi

HauioHaneHul meduyHul yHisepcumem imeri O.0. boeomonsys, Kuis, YkpaiHa

Pestome. YacTiHa XBOpUX Ha XpOHi4He 06CTPyKTHBHe 3axBopioBaHHs AereHb (XO3A), He3Bakaiouu Ha OTPUMAHHS PEKOMEHAOBA-
HOTO0 6a3UCHOTrO iHTAASIHIHOTO AIKYBaHHSI, IPOAOBXYIOTh CKapKHTHCS Ha KallleAb 3 MOKPOTHHHSM, sIKe BaXKO BipaiasgeTnest. Came
AASL TAKOTO KOHTUHTEHTY MAIliEHTIB AOLIAbHE AOAATKOBE IIPU3HAYEHHS MyKOAKTUBHUX IPeNaparis, a caMe aljeTHAIUCTeiny Ta 3%
POSYUHY HaTPil0 XAOPHAY.

Mamepiau i memodu. 3 MeTOI0 MOPIBHAABHOI OLIHKH eeKTHBHOCTI AOAATKOBOIO AO CTAHAAPTHOTO AIKyBAHHS IHIaAsIiiHOTrO
3aCTOCYBAHHS ALleTHALMCTEIHY Ta 3% PO3UYMHY HATPII0 XAOPHUAY ¥ MAL€EHTIB 3i CTabiAbHUM IepebiroM 3aXxBOPIOBAHHS OyAO O6CTe-
eHO 67 xBopux 3 miATBepAxKeHHM AlarHozom XO3A Ta TpuBasictio XBOp06PI Bip 1 po 18 poxis. MeTopoMm mpocToi paHpaOMisanii
6yr0 chopmosaro 2 rpymu xopux. Ilepma rpyma (n = 34) sacTocoByBasa iHraasuiiino 3a Aomomorow Hefyaaitzepa 3 Ma 10%
PO3UKHY alleTHALMCTEIHY ABA Pa3H Ha A00y, o ckaaparo 600 Mr Airogol PEYOBHHH IOAEHHO, TOAI SIK APyTa IpyIa (n = 33) oTpu-
MyBaAa 4 Ma 3% pO3YHMHY HATPilo XAOPHAY TAaKOX ABIdi Ha A06y. Bci 67 xBoprx 3aBepiran 10-AeHHUI KyPC IHTAASIITHOTO AIKyBaH-
Hf Ta MPOUIIAU KOHTPOAbHE obcresxenns. Oninka e(eKTHBHOCTI TIpenapaTiB MPOBOAUAACS 33 AOIIOMOT'OIO 3aIIOBHEHHS BepHiKo-
Banux onmuTyBasbHUK{B CAT, CCQ, SGRQ, mMRC, onuTyBaAbHIKa BUPAXKEHOCT] CHMIITOMIB ACHHOTO Ta HIYHOTO KallIAO, & TAKOXK
Aa60paT0pH0-iHCTPYMeHTaAbHI/IX AOCAIAXKEHD: CITIpOMETPIi Ta aHAAI3Y XaPKOTHHHS AO Ta BiApa3y IiCAS 3aBepIIEHHS AIKyBaHHS.
Pesysvmamu. B 060x rpymax XBOPUX ICAS KYPCY IHTAASILH SIK ALETHALFICTEIHY, TaK i TillepTOHIYHOTO PO3YUHY HATPII XAOPHAY,
CIIOCTEPIraAoCh CyTTEBE MOKpAIeHHs CTaHy NaljieHTiB 3a pe3yabTaTamu oruryBasbHUKiB CAT, CCQ Ta 3MeHmeHHS BUpOXXeHOCTi
SIK AGHHOT0, TaK i HiYHOTO KamAko. KpiM TOTo, 3aCTOCYBaHHS aIle THAIIMCTeHY TaKOX IIO3UTHBHO BIIAMHYAO HA AMHAMIKY ITOKa3HHKA
06’emy dpopcosanoro Bupuxy 3a 1-my cexyray (O®B ). CyrreBux 3Mis pe3yAbTaTiB TeCTy i3 6-XBUAMHHOK XOABOOI0, OIUTYBAABHY-
xis mMRC, SGRQ, KiAbKOCT] AeHKOIUTIB Y MOKPOTHHHI B 060X Tpymax, a Takox Beanann O®B B rpymi, ae 3acTocoByBaBcs rimep-
TOHIYHUI PO3YUH, HE BUABACHO.

Bucnoexu. AopatkoBe iHraasifiHe 3aCTOCYBAHHS MyKOAKTHBHEX Iperaparis y marientis 3 XO3A B crabiabHOMYy CTaHi, y SKUX
30epiraAlCh CKapri Ha KAIIeAb 3 BUAIAGHHSM MOKPOTHHHS, [IO3UTUBHO BIIAWHYAO HA KAIHIYHi IIPOSIBU 3aXBOPIOBAHHS, & TAaKOX

MOKPAIMAO OKA3HUKHU TeCTYBAHHA AeTeHeBOI QYHKIII y XBOPHX, SKi IPUAMAAU aIleTHALIMCTEH.

Kawuosi caosa: XO3A, MyKoaKTHBHI IIpeIapaTy, alleTHALIUCTeIH, 3% pO3urH HATPil0 XAOPUAY, HeOyAali3epHa Tepartis.
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