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SKI ITIEPEXBOPIJIA HA COVID-19

META POBOTHW: BuBYEHHSA NOKA3HUKIB CY0’eKTUBHOI ayAioMeTpii y 0ci6, ski nepexsopinu Ha COVID-19.

MATEPIAJIN TA METOLU: O6¢TexeHo 54 nauieHTa, ski nepexsopinu Ha COVID-19, Ta manu ckapru Ha
NOPYLLEHHS cnyxy. AyfioMmeTpuyHe LOCILKEHHA BUKOHYBANIOCh Y 3BYK0i30/IbOBAHIl KaMepi Ha KITiHIYHOMY
aypiomeTpi AC-40 («Interacoustics», JaHis).

PE3YNbTATM TA TX OBrOBOPEHHS. MauieHTvt Manu CKapru Ha 3HIKEHHS CIyXy, NOPYLLEHHS PO36ipny-
BOCTi MOBM, CY6 €KTUBHWIA BYLLUHWIA LIYM, 3aKNafeHICTb BYX. 3a JaHUMW TOHANIbHOI NOPOroBOi ayaiomeTpii
6yNno BUSABMEHO CEHCOHEBPAIbHY NPUIYXYBaTiCTh 3 HU3XiIAHO POPMOKD KpnBOi. CepeiHbOCTaTUCTUYHI
NOKA3HWUKN MOPOriB Cyxy Ha TOHM y xBopux nicng COVID-19 nopiBHAHO 3 KOHTPONEM 6ynu AOCTOBIPHO
(P<0,05) nigBULLEHNMMN Y KOHBEHLIOHANIBHOMY Aiana3oHi 4acToT, No4MHa4mM 3 Hactotn 1 kl'y. HainbinbL
BUPAXEHUM MifBULLEHHS 6yn0 Y AinaHui 4-8 kI'u: Ha 4acToTi 4 KI'y 3Ha4eHHs cknano (28,29+5,61) ab,
6 kl'y — (35,45+3,62) ob, 8 kl'y — (41,45£3,93) ab. Y poswupeHomy fiana3oHi 4acToT noporu cny-
Xy Ha ToHM cTaHoBunu: 9 Ky — (56,78+3,39); 10 kl'y — (45,22+4,35); 11 kl'u — (50,68+5,89) ab;
12 kl'y — (66,95+7,75) nb; 14 k'y — (68,72+6,46) ab; 16 k' — (70,18+5,59) ab. CepeiHbOCTATUCTMYHI
noporu po36ipnnBOCTi MOBHUX TECTiB 6yNu AeLL0 NifBuULLeHUMI y 06CTexXeHnX xBopux Ha COVID-19, ane
He AOCTOBIPHO. BennynHu andbepeHuinHux noporis Jliowepa B giana3oHi 0,5 1a 1 kl'y 3Haxoaunucy B
MeXxax Hopmu, a 'y ginauui 4 kl'y 6ynu aewlo 3HmxkeHumm i ctanosunu (0,78+0,12) ab. Lie cBigynTb npo
YPXEHHS PeLenTopHOro BifAiNy CryxoBOro aHanizatopa i ssuwia eHOMeHY NPUCKOPEHOro 3poCTaHHA
FYYHOCTI Yy focnimKyBaHux nauieHTie 3 COVID-19.

BUCHOBKMW. 1. Y xBopux Ha COVID-19 3a faHnmu cy6’eKTMBHOI ayAioMeTpii MaloTb MiCLle CEHCOHEBpasib-
Hi MOPYLUEHHA CAyXY 3 MOJSIOTOHWU3XIAHOK (DOPMOO TOHANIbHUX ayAiOMETPUYHMX KPUBMX. 2. HaiibinbL
BUpaXeHe AocToBipHe (P<0,01) migBuLeHHs noporis cnyxy y oci6, aki nepexsopinu Ha COVID-19 mae
MicLie 0 TOHIB y o6nacTi BMCOKUX yacToT 4-8 T1a 10-16 klu. 3. [poBeaeHi HOCNIKEHHS Cy6’ EKTUBHOI
ayAiomeTpii cBig4aTh NPO AOLINbHICTb OUiHKM CNyx0BOi (PyHKUii y xBopux Ha COVID-19, oco6nungo i3
3aCTOCYBAHHAM BUCOKOYACTOTHOI ayaiomeTpii. Lle [03BONUTL CBOEYACHO BUSBUTU YPAXKEHHS CNYX0OBOrO
aHanisaropa y Takux nauieHTis.

KINNHYO0BI CNOBA: cy6’ekTuBHa ayaioMeTpisi, CeHCOHeBPanbHi mopyLeHHs cayxy, COVID-19.
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THE PURPOSE OF THIS STUDY is to investigate subjective audiometry parameters in individuals who
have recovered from COVID-19.

MATERIALS AND METHODS. Fifty-four patients who had recovered from COVID-19 and reported hearing-
related complaints were examined. Audiometric testing was conducted in a soundproof booth, using a
clinical AC-40 audiometer (Interacoustics, Denmark).

RESULTS AND DISCUSSION. Patients who had recovered from COVID-19 reported auditory complaints,
including hearing loss, impaired speech discrimination, subjective tinnitus, and a sensation of ear fullness.
Pure-tone audiometry revealed sensorineural hearing loss with a descending audiometric curve. The mean
hearing thresholds for pure tones in post-COVID-19 patients were significantly (P<0,05) elevated compared
to controls in the conventional frequency range, starting from 1 kHz. The most pronounced increase was
observed in the 4-8 kHz range: the thresholds were 28,29+5,61 dB at 4 kHz, 35,45+3,62 dB at 6 kHz,
and 41,45+3,93 dB at 8 kHz. The thresholds for extended high-frequency tones were as follows: 9 kHz —
56,78+3,39 dB; 10 kHz — 45,22+4,35 dB; 11 kHz — 50,68+5,89 dB; 12 kHz — 66,95+7,75 dB; 14 kHz —
68,72+6,46 dB; 16 kHz — 70,18+5,59 dB. The mean speech discrimination thresholds tests were slightly
elevated in the post-COVID-19 patient group, however, were not statistically significant. Differential
thresholds measured using the Liischer's method were within the normal range at 0,5 and 1 kHz, at 4
kHz, were slightly reduced (0,78 + 0,12 dB), which may indicate receptor-level dysfunction of the auditory
system in post-COVID-19 patients.

CONCLUSIONS. 1. According to subjective audiometry data, patients with COVID-19 exhibited sensorineural
hearing impairments characterized by a gently descending form of pure-tone audiometric curves. 2. The
most significant and statistically reliable (P<0.01) elevation of hearing thresholds in post-COVID-19
individuals was observed for tones in the high-frequency range 4-8 and 10-16 kHz. 3. The results of
subjective audiometry indicate the importance of assessing auditory function in patients with COVID-19,
particularly using high-frequency audiometry, which enables timely detection of auditory analyzer
impairment in such patients.

KEYWORDS: subjective audiometry, sensorineural hearing loss, COVID-19.
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[AHI CYB’EKTUBHOI AYAIOMETPII Y OCIB, AKI MEPEXBOPIJIM HA COVID-19

BCTVII

COVID — 1ie iH}eKIliliHe 3aXBOPHOBaHHs, 1110
BUKJINKA€ETHCS KOPOHABIPYCOM. 3’IBJIIETHCI BCe
OisbIIIe TaHUX MO0 COMAaTUYHUX Ta CEHCOPHUX
CUMIITOMIB, II0B’I3aHUX 3 I[[TUM 3aXBOPHBaHHIM,
y TOMY 4HMCJII Y BiggaseHomy 1iepiogi [1-10]. ITo-
pylieHHd cayxy micasg COVID-19 — oxHe 3 TaKuX
YCKJIaJHEHb, SIKe BCe YacTillle IIpUBepTae yBary
IOCJIITHUKIB Y BCbOMY CBITi [1-18].

3rifiHo 3 JTaHUMU HayKOBUX [OCIII/KeHb, y iH-
¢ikoBaHUX SARS-CoV-2 M0’Ke BUHUKHYTH BTpaTa
cyxy (7,6%), 3BiH y ByxXax, TUHITYyC (MaiDke 15%)
i 3artamopoueHH4 (7,2%) [1-4].

[Ipu 11boMy mocipKeHHA BUeHUX CTeHQOopA-
CBKOI'0 yHiBepcuTeTy, MaccauyceTCbKOI0 TEXHO-
JIOTIYHOTO IHCTUTYTYy Ta MaccadyCceTCchbKOTO Bif-
IJIEHHS IIaTOJIOTII 0OKa Ta ByXa, HAAKTh JOKa3U
TOrO, 1110 Bipyc SARS-CoV-2, skuii Bukinkae COVID-
19, Mo>Ke 6e3rocepeHLO iIHQIKYBAaTH BHYTPIIITHE
BYXO0, BKJIOUal0UH KJIITHHYU BHYTPIIITHHOTO BYXa,
SIKi MalOTh BUpIIlIajibHe 3HAUYEHHS 9K I CIYXY,
TakK i s piBHOBaru [6]. Tako>K BUeHI BKa3ylTh
Ha MO>KJIMBe 3HIDKeHHd cayxy Ipu COVID-19 BHa-
CJIiTOK CYyIUHHUX IOpyIlleHb [1-7, 10-18].

MeTa po60TH — BUBUYEHHS IOKAa3HUKIB Cy-
0’eKTHUBHOI ayjiioMeTpil y ocib, sSKi ITepexBopiin
Ha COVID-19.

MATEPIAJIN TA METOJAU

Byso o6cTeskeHO 54 mallieHTH, SIKi IepexXBOPiIn
Ha COVID-19 B j1erkoMy Ta CepefHLOMY CTYIIEHIO
Ba)KKOCTI Ta MaJIX CKapry Ha IIOPYIIeHHS 3 60Ky
CJIYXOBOI CHCTeMH, TOJIOBOKPY>KiHHS, BYIITHUNA
IIYM.

AynioMeTpu4He TOCIIPKeHHS BUKOHYBAJIOCh
Yy 3BYKO0i30/IbOBaHIN KaMepi, [le piBeHb IIIyMOBOTO
¢oHy He nepeBuilryBaB 30 b, 3a JOIIOMOTOI0 KJTi-
HiuHoro aygioMeTpa AC-40 ¢pipmu «Interacoustics»
(Tanis).

CTaTHUCTHYHY 00pOOKYy OTPUMaHUX pe3ysbTa-
TiB 3[IMCHIOBAJIU 3a 3araJIbHOIIPUNHATUMU Me-

TOJlaMU MaTeMaTHUYHOI CTaTUCTUKU. IMOBIpHIiCTH
3MiH Ta Bi]MiHHOCTe}! MK ITOPiBHAJIBHUMU BeJIU-
YHMHAaMU OI[IHIOBAJIU 3a KPUTEPieM TOCTOBIPHOCTI
pisHuti (t) 3a Tabauiero CThIOIEHTA.

_PE3VIIBTATH
TA IX OBTOBOPEHHS

Hamu 6yJio mpoaHasIisoBaHO pe3ysabTaTH J0-
CIIipKeHb Cy6’eKTHUBHOI aymiomMeTpil y ocib, ki
nepexsopiyi Ha COVID-19 Jierkoro Ta cepefHb0T0
CTYIIEHSI Ba)KKOCTI Ta MaJIX CKapry Ha IIOPYIIEeH-
HsI 3 60Ky CITyXOBOI CUCTEMHU — 3HIKEHHS CIIyXY,
HOPYIIeHHS p0o36ipJIUBOCTI MOBH, Cy0’€KTUBHUM
BYIITHUY IITyM, 3aKJIaleHiCTh ByX. 3a JaHUMH TO-
HaJIbHOI TOPOroBoi ayaioMeTpii 6ys10 BUSABIEHO
IePILeIITUBHI IIOPYIIeHHS CJOyX0BOI QYHKINI 3
HU3XITHOI GOPMOI0 aylioOMeTPUUHOI KPHUBOI.

KinpKicHUI aHaJIi3 JaHUX TOHAJIBHOIL II0POTO-
BOI ay/iioMeTpii, T0Ka3aB TakKe.

AHasti3yrouu CTaH CJIyX0BOI QYHKITi 3a JaHUMU
cy0’eKTHBHOI ayziomMeTpii y xBopux miciag COVID-
19 6yJ10 BUSBJIEHO 1110 CepeIHbOCTaTUCTHUUHI I10-
Ka3HUKHU IOPOTiB CIyXy Ha TOHU HOPiBHIHO 3
KOHTpoOJIeM OyJsiu ocToBipHO (P<0,05) migBuiie-
HUMHU B KOHBEHI[IOHAJILHOMY [lialla30Hi 4acToT,
MOYMHAIUM 3 YacToTHu 1 KI'1] (mab.. 1). Har6iabIn
BUpakKeHUM TakKe MiIBUIIEHHS 0YyJIO Y MiTgHITI
4-8 kI'n. Tak, Ha yacToTi 4 KI'1] 3HaYeHHS II0PO-
Iy CJIyXOBOI UyTJIUBOCTI cKJayuo (28,29+5,61) ub,
6 k't — (35,45+3,62) 1B, 8 xI'y — (41,45+3,93) 1b.

Jlo1a HaouHOCTi rpadivyHo Il TOKa3HUKHU IIpe-
cTaBJIeHi Ha puc. 1.

IITo 7K CTOCYEeThCA MOKAa3HUKIB CIIyXy Ha TOHU
B PO3ILIMPEHOMY [ialla3oHi 4acTOT y HallieHTiB
nicasgs COVID-19, To BimMmidasochk Ie 6isbIIT BU-
pa’keHe MiIBUIIleHHS IIOPOTiB CIYXOBOI YyTJIU-
BOCTI y Me»Kax JaHOTO [iama3oHy. Tak, IIoporu
CJIyXy Ha TOHM PO3IIMPEHOTO Aialla3soHy BIIIIO-
BiTHO cTaHOBWJIM: v miymgHIi 9 KI'11 (56,78+3,39);
10 kI — (45,22+4,35); 11 xI'm — (50,68+5,89) 1b;
12 k't — (66,95+7,75) nb; 14 xI'i; — (68,72+6,46) nb;

Ta6uns 1. CepeJHHOCTATHCTHYHI IOKa3HUKH CHPUHHATTA CJIYyXy Ha TOHH KOHBEHI[iOHAJILHOTO fialla30HYy
YacToT Y AOCTIP)KyBaHUX rpynax xBopux Ha COVID-19 Ta oci6 koHTposbHOI rpynu (gB)

YacroTa, KI'1y

I'pynu
EEDUEE 0,125 0,25 0,5 1 2 3 4 6 8
K (n=15) 5,3+0,2 = 5,5+0,1 @ 6,4+0,2 @ 59+0,3 @ 5,8+0,6 6,9+0,6 7,2+0,4 @ 7,8:0,6 @ 6,7+0,4
1 (n=54) 9,45+ 10,15+ 11,56+ 10,78+ 15,11+ 20,46+ 28,29+ 35,45+ 41,45+
3,12 3,39 4,76 4,64 3,86 5,58 5,61 3,62 3,93
tp (K1) 1,33 1,37 1,92 1,77 2,77 3,13 3,74 7,01 8,78
p P>0,05 | P>0,05 | P>0,05 @ P<0,05 @ P<0,05 | P<0,01 | P<0,05 | P<0,01 | P<0,01
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Puc. 1. CepelHbOCTAaTUCTUYHI IOKA3HUKU CIIPUUHATTS CIyXy Ha TOHU B KOHBEHITIOHAJIbHOMY /lialla30Hi 4acToT
Y LOCIiZPKyBaHUX XBOpUX Ha COVID-19 Ta 0ci6 KOHTPOJILHOI rpyny, (15)

Tabsuig 2. CepeJHHOCTaTUCTHYHI IOKa3HUKH CIPUIHATTA CIyXy Ha TOHH B pO3NIMPEHOMY Aiama30Hi 4yacTOT
(9-16 xI'my), y JOCHiKyBaHUX Ipynax Ta 0Ci6 KOHTPOJIBHOI IPyIH XBOpHUX (1B)

Yacrora, KI'1g

St 9 10 11,2 12,5 14 16
K (n=15) 8,4+0,9 7,30,8 6,9+0,9 7,1:0,8 8,4+0,3 8,2+0,6
1 (n=54) 56,78+3,39  45,22+4,35  50,684580  66,95:7,75  6892+6,46  58,18+1,69
tip (K-1) Pl<066061 P2b781 PZ’oﬁgl PS’O481 PZ,(%I P(<5’07?)1

16 xI'it — (70,18+5,59) 1B (ma6a. 2). ToHaAbLHI
ayIioMeTpUYHI KPUBi aHOTO [ialla3oHy Iepe-
Ba)KHO MaJIy IOJIOTOHU3XIHY GopMy.

[Tpu TOpiBHAJIEHOMY aHaJli3i Mi>K TOKa3HHUKa-
MU B 30HI BUCOKHX YaCTOT KOHBEHI[iIOHAJIHHOTO
[ialazoHy Ta y PO3LIMPEHOMY Aiarta3oHax IIopiB-
HSTHO 3 KOHTPOJIBHOK TPYIIOK OTPHUMaHi J0CTO-
BipHI BiIMIHHOCTI — y IIaIli€HTIB, SIKi IIepexXBOpi-
Ji1 Ha COVID-19 moporu 3HaYHO BHIIII.

CepeIHHOCTATUCTUYHI TTOPOTH 50% po36ipyu-
BOCTI TeCTY YMCJIIBHUKIB I10 KiCTKOBiM Ta OBIiTPs-
Hi¥ IpoBigHOCTI i 100% po36ipJIUBOCTI CJIOBECHOTO
TecTy OYJIM [Ielll0 IiABUIIeHUMHU y 006CTeKeHiH
rpy1mi xBopux Ha COVID-19. OgHak, Take IiJIBU-
IIIeHHS He OYJI0 TOCTOBipHUM.

BiIbIl HA0OYHO OTPUMAaHI faHi 306parkeHi Ha
puc. 2.

74

[ITozro BestMunH AudepeHIinHUX IToporis (/I1)
3a MmeTogoMm Jlromiepa, To B giama3oHi 0,5 KI'1g
Ta 1 K['1] BOHU 3HAXOJUJIHNCh B Me)KaxX HOPMHU i
cra”HoBuIHA (1,65+0,13) Ta (1,38+0,12), a y miyigH-
i 4 kI'y 6ysid feino 3sHUKEHUMU 1 CTAaHOBUJIN
(0,78+0,12) nb. Ile MO>Ke CBiJUUTH IIPO 03HAKHA
IUCOYHKITI B perelITOPHOMY BifiijIi CJIyXOBOTO
aHaJsizaTopa i gBuIlfa ¢eHOMeHY HPUCKOPEHOTO
3pOCTaHHS I'YYHOCTI Y IOCTIPKYBaHUX ITAlli€eHTiB
3 COVID-19.

OTKe, IIPOBEJIEH] TOCTIPKEeHHS I10Ka3aJayu Ha-
SIBHICTH HIOTIPIIIeHHS CJIYX0BOI QYHKIIII y 0cib,
Kl repexBopiyi Ha COVID-19. Halbinbsin Bupa-
JKeHI ITOPYIIIeHHS CIyXy V TaKUX XBOPUX OyJIH
BUSIBJIEHI Ha TOHU B PO3IIHUPEHOMY /Jialla3oHi
4acToT 1 CTOCyBaJIHCA ITepeBakHO obJiacTi 16, 14
112 kI,
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Puc. 2. CepelHbOCTaTUCTUYHI ITOKa3HUKHU CIIPUHHSATTS CJIyXy Ha TOHU Y JOCTI/PKYBaHUX XBOPUX
Ta 0Ci6 KOHTPOJIBHOIL TPYIIN B PO3IIMPEHOMY Aiana3oHi yacToT (9-16 KI'n), (1b)

BHCHOBKH

1. V xBopux Ha COVID-19 3a gaHUMU Cy0’€eK-
THUBHOI ay/lioMeTpii MarTh MiCIle CEHCOHEBpaJIbHI
TIOPYIIIeHHS CJIYX0BOI QYHKIII 3 TI0JIOTOHUSXITHOI0
$OpMOI0 TOHAJIPHUX ay[iOMEeTPUYHUX KPUBUX.

2. Haubinpi BupaskeHe mpocToBipHe (P<0,01)
HiIBUIIeHHS IIOPOTiB CJIYXy V 0Cib, IKi IIepexBo-
pitu Ha COVID-19 Mae MicIie 10 TOHIB y 06JacTi
BUCOKUX 4yacToT 4-8 Ta 10-16 KI'11.

3. IIpoBeneHi HoCTimyKeHHs Cy6’eKTUBHOI ay-
TioMeTpii CBiqUaTh PO AOIUIBHICTh OIIHKHU CJIY-
X0BO1 QYHKIII y XxBopuxX Ha COVID 19, ocobauBo
i3 3aCTOCyBaHHSAM BUCOKOYACTOTHOIL aylioMeTpil.
ITe mO3BOIUTH CBOEYACHO BUSBUTH ypa>KeHHSI CIIy-
XOBOI'0 aHajIi3aTopa y TAKUX XBOPHUX.
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