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Abstract

Background:

In recent decades, diagnostic methods in otorhinolaryngology
and sleep medicine have been developing and improving at an
extremely rapid pace. On a global scale, the problem of timely
and correct diagnosis of the Syndrome of Obstructive Sleep
Apnea and Snoring Syndrome (SOSAS) is relevant, since SOSAS
affects the quality of life of patients. Nowadays, the most widely
used method for diagnosing OSA is polysomnography. For even
more precise diagnosis and timely correct treatment in patients
with nasal obstruction and SOSAS, it is recommended to apply
the methods of rhinomanometry.

The aim of the following article is to research the role of rhino-
manometry as an additional diagnostic method in cases of the
Obstructive sleep apnea and snoring syndrome.

Methods:

In the period November 2023 — March 2025, a scientific study
was conducted in the facility of the Medical University — Varna,
in the Sector ,,Audiovestibular Medicine and Sleep Medicine”.
The scientific study was approved by the Ethics Committee of
the Medical University — Varna (No. 131/ 11.05.2023). A total of
70 participants took part in the scientific study, of which 50 were
male and 20 were female, examined by the same ENT-specialist.
All patients studied gave their voluntary written informed consent
to participate in the scientific study. All participants included in
the study underwent a complete otorhinolaryngological exam-
ination with devices (Interacoustics®, Dennmark), Home sleep
apnea test (HSAT) (Weinmann® Somnocheck micro cardio) and
rhinomanometry (Atmos® Rhino 31, Germany). For the purposes
of the study, the anterior measurement methods were used when
performing rhinomanometric examinations.
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Results and discussion:

When conducting the rhinomanometric examination in all
patients, the anterior measurement method was used. After relax-
ing for at least 20 minutes, in one nostril at a time, all patients
were examined using the active anterior rhinometry method in a
sitting position. After a complete otorhinolaryngological exam-
ination, only 20% of the participants (14 participants) were not
diagnosed with any ENT-disease. Among the remaining, allergic
rhinitis, chronic rhinogenic and odontogenic sinusitis, chronic
pharyngitis were observed, and patients with more than one of
the indicated diseases combined were described. The most fre-
quently placed diagnosis was the chronic allergic rhinitis (more
than 40% of the cases), often combined with nasal polyposis.
SOSAS cases were diagnosed in 50 out of the 56 patients with
an ENT-disorder. All patients with a SOSAS case were diagnosed
with a nasal obstruction of a different degree. Authors re-tested
the sleep quality and quantity of all SOSAS patients, after treating
the nasal obstruction condition and found out that AHI tends to
reduce. Symptoms of OSA were alleviated.

Conclusions:

It can be concluded that early detection of altered pressure, vol-
umetric airflow and nasal resistance using rhinomanometry can
prevent or delay the development of the syndrome of obstructive
sleep apnea and snoring. The results of the scientific study show
that rhinomanometry is an effective clinical diagnostic method
for measuring, assessing and diagnosing nasal breathing. Timely
diagnosis of SOSAS is the key to successful and correct treatment
of patients and improving their quality of life. Treating the nasal
obstruction alleviates the symptoms of OSA.

Key words:
rhinomanometry, SOSAS, nasal resistance, nasal obstruction.
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Background

In recent decades, diagnostic methods in otorhi-
nolaryngology and sleep medicine have been
developing and improving at an extremely rapid
pace. On a global scale, the problem of timely and
correct diagnosis of the Syndrome of Obstructive
Sleep Apnea and Snoring Syndrome (SOSAS) is
relevant, since SOSAS affects the quality of life
(QoL) of patients. SOSAS consists of repeated epi-
sodes of upper airway obstruction due to anatom-
ical and functional abnormalities of the upper air-
way. Nowadays, the most widely used method for
diagnosing OSA is the conventional polysomnog-
raphy (PSG), which the American Sleep Medicine
Association describes as the gold standard in the
diagnosis of sleep disorders. (1,2) For even more
precise diagnosis and timely correct treatment in
patients with nasal obstruction and SOSAS, it is
recommended to apply rhinomanometry methods.
Reduced nasal airflow may be a barrier to CPAP
(continuous positive aireay pressure) use, which
clinicians in the field describe as the gold standard
for SOSAS treatment. (3,4,5) Rhinomanometry is
a dynamic quantitative clinical method for visu-
alizing and quantifying nasal resistance. Authors
describe a positive correlation between nasal resist-
ance measured by active anterior rhinomanometry
in the sitting position and the positive pressure used
in CPAP treatment of patients with SOSAS. (6,7)

The aim of the following article is to research the
role of rhinomanometry as an additional diagnostic
method in cases of the Obstructive sleep apnea and
snoring syndrome.

Methods

In the period November 2023 — March 2025, a
scientific study was conducted on the territo-
ry of Medical University — Varna, in the Sector
»Audio-vestibular and Sleep Medicine®. The sci-
entific study was approved by the Ethics Com-
mittee of the Medical University — Varna (No.
131 / 11.05.2023). A total of 70 participants took
part in the study and were examined by the same
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ENT-specialist, with more than 20 years of clin-
ical practice. All patients studied gave their vol-
untary written informed consent to participate in
the study. All participants included underwent a
complete otorhinolaryngological physical exam-
ination was done, apart from which specialized
devices for otoscopy, tympanometry, audiometry
(Interacoustics®, Denmark) and rhinomanometry
(Atmos® Rhino 31, Germany) were used (Fig. 1).
The anterior measurement method with nose olives
was used when performing the rhinomanometric
examinations.

Fig. 1. Rhinomanometer, Atmos® Rhino 31,
Germany

The ENT-specialist filled specialized, specifically
developed for the purposes of the studies patient
files (Fig. 2). Patients filled forms to share informa-
tion for their general health status (present general
diseases such as cardio-vascular diseases, diabetes
mellitis type 1 or 2, hypertension, neurologic dis-
eases, allergies), medications intake, past diseases
and surgical interventions in the head and neck
area, present symptoms of snoring, excessive day-
time sleepiness, fatigue, morning headache, nasal
obstruction, dizziness, vertigo, tinnitus, reduced
hearing capabilities (Fig. 3).
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TpH HMEHA HA MALHEHTA:

Anpec:

Tenedoner Homep [ GSM:

E-mail:

61 3ab0 I ARAHFA.

CnepartHEHH HETCPRENIHH B 00JACTTA HA IIARATA H LIHATA:
ATIEPTHH:

Hne ooTenedoHEH HOMED Ha IHYCH IeKap:

AHAMHETA

Craryc

Hicneaeane Peavarrar / Haxoaka

1. OrrockorHs

2. MpeaHa pHEOCK THS

3. 32 pHHOCKOIMHE

4. MesodapuHrockonia

5. EHAOCKONCKO HIc e BaHE

6. HHgHperTHa JapHHroCKONHA

7. (egeo) TaprmrocTpofockorms

&, PrUHOMaHOME TRES

9. KpaHHomasaHey 1apHa H IIHFHA TEUIrasHa

10, Ay aHome TpHA

11. BucokouecTomHa ay JHOMETPHA

12 THMnaHoMe TRHA

13, Ty So-HMIeaaHC Me TPHA

14, Buaeormc tarmorpades (VG

15 vHIT

16, Buptyama peansoc T (3VV)

17 SERA

18 ASSR

19, EoCoGr

20. OAE - TOAE/ DOAE

21. e VEMP

22, oVEMP

23, CrabrnoserpHs (noctyporpadms)

24, Penrtrenorpadun [ O /KT / CBCT [ AMP

25, TTonHrpadcko HIcIeIBaHe Ha ChHA

26, HacnengaHe Ha CBHA ChC COHIOA

27. Honne omuorpadis

28, Epworth Sleepiness Scale

29, BepaHHOKH EBIPOCHHE

30, PSOI-HHmesc

JHArHo3a;
AR TOUCH G

Jara: Jlexap:
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Fig. 2. Patients’ examination form, filled by the ENT-specialist
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YHUBePCUTETCKH MeMKO-AeHTAJIeH LeHTHP,
Memmnpmceku yHUBepcuteT — BapHa,
CexTop ,,AyMo-BecTHOYJIApHA Me/THIIMHA

Mona, nonwireme mazu urnpopmayua npeodu U3ebpUiéarHemo Ha npeziieo u
U3CCOBAHUA.

Wwmena Ha mam@eHTa:
WUme Ha npuapyxaBani:
Ilogrmmic:

Wme Ha niieH nexap:
Tenedon:

Pa6oTtHo mscTO!

Mouns, oTroBopeTe Ha c/ieJHHTE BHIIPOCH:
Crpanate mu o1?

- CppaedHo chJOBH 3a00IABaHIE 1 6e10pobHN 3a00IsBaHIS Ja He
- Anepruu Ja He
- Bucoxko apTepHanHO KpbBHO HalsITaHEe Ia He
- Heeponornunu 3a6osBaHNs oa He
- JHmaber Ja  He

Wime Ha MeUKAMEHT (I1), KOMTO MPHEMATE. ....oicuvieiiieeeieeeateieae e stin e e eeseessee e sieaeene s

Wwmanu nu cte 2abonspaHnsg B 061acTTa Ha YIIUTE, HOCA, IBPIIOTO? oa  He
Onepupan/a 11 cTe B o6IacTTa Ha YIIH, HOCa, TEPIIOTO, NIHsITa? Ja He

Hmate 11 cnegHATE CHUMIITOMI?

3aMasHOCT, CBETOBLPTEXK, HECTAOMIHOCT, IIyM B VIINTe, HAMAleH CIYX, CYTPEIIHO
rnaBobolive, JHeBHa yMopa, XbpKaHe, 3aTpyAHeHO HOCHO AuinaHe. (MoJis, Tiojuyepraiirte
HAJTMIHNTE)

Cermacen cbM / cbIlTacHA C©bM JAa ObnAa HPEI'JIC,[[H.Hfa u ga MH ObaaTr HarpaBe HA

HEOOXOAMMHUTE JTaGopaTOpPHM M3CIe/IBAHNS Ha: CIIyXa W/HIN BeCTHOYIapHHA NPoOH U /AN
IBCIIeIBaHe Ha CHHs W/IWIH HOCHOTO JMIIaHe.

Hara: ................... Tloarmic mMamMe T ........ooeeeveeeenn.

Fig. 3. Participants’ subjective symptoms form, filled in by themselves
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The quality and quantity of the sleep was studied
with the method of polygraphy — home sleep apnea
test (HSAT) with Weinmann® Somnocheck micro
cardio device (Fig. 4).

All patients filled standardized sleep questionnaires
(Epworth Sleepiness Scale, ESS; Berlin Question-
naire) assessing their subjective symptoms and the
quantity and quality of their sleep (Fig. 5, Fig. 6).

K 2024

Fig. 4. Weinmann® Somnocheck micro cardio

device for Home Sleep Apnea test (HSAT),
implementing the method of polygraphy.

EPWORTH Sleepiness Scale

0 = He 3agpsaMBaM

1 = nonsixora 3apsaMBaM
2 = decTo 3apsaMBaM

3 = BHUHATIH 3a/IpIMBaM

3apeMeETe B CIICJHUTE CHTYaITHH!

Karo m3nionsBate cie/iHaTa ckalla 3a OIIeHKa Ha ChLCTOSHHUETO Bu:

Mo, orpaziere 1mbpara, KogTo Half-TouHOo cropesi Bac ompejenst BeposTHOCTTa jia

Cumyauyusn Bepoamnocm 3a 3adpaneaite
HHKOTa | MOHAKOra | YeCTO | BHHArHk

1. Censt 1 uera 0 1 2 3
2. I'meraM TeeBU3AA 0 1 2 3
3. Cens criokolHO Ha Ity OIIMMHO
MSCTO, HAIIpUMEp B TeaThp WIH 0 i} 2 3
crOpanne
4. Ako Me BO3AT B K0JIa 3a eJIUH

0 1 2 3
dac, Ge3 IIpeKkbeBaHe
5. IonerHai ¢bM Jja CH IIOMHHA

0 1 2 3
cie]t 001
6. Cejtsl ¥ TOBOpSI ¢ HSIKOI'O 0 1 2 3
7. Ceng criokoitHo cien ooy (6es

0 1 2 3
yrnoTpeba Ha alKkoxoml)
8. B cupsuia nopajy yiIuqaHoO 0 1 2 3
3aJIphCcTRaHE KoMa

Fig. 5. Epworth Sleepiness Scale (ESS) questionnaire, filled in by the participants in the study
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“BEPITHHCKH" philpocHHK

1. Mons, nonenHere:

PoeT. Bbapact,
Terno, OaTa:
2. XupraTe nu?
=gt
N He
-1 He 3Ham
Ako “ga”™:

3. Bawerto xbpkaHe e?
2 Manko no-BucoKo OT AWLUAHeTO
1 BUCOKO KONKOTO rosop
71 NO-BUCOKO OT rosop
2 MHOro Brcoko. Moxe aa ce \ye B CbceaHuTe CTau

4. Konko yecto xbpkarte?
2 MOYTH BCAKA HOLY
5 3-4 NbTH CeAMUYHO
7 1-2 NbTH cCEAMHYHO
2 1-2 MbTH MeceyHo
1 HUKOTA UMK NOYTH HUKOTa

5. BalueTo XbpkaHe CMyLLaBarno N e HAKora OKONHUTe
xopa?
opga
1 He

6. 3abensizan nu e HAKCK, Ye cnupaTe Aa Avwarte no
Bpeme Ha CbH?
1 NOYTH BCSKA HOLY
= 3-4 NbTN cegMUHHO
2 1-2 NbTH CERAMWYHO
1 1-2 NbTH MeceyHo

(. HUKOra Unu NoYTn HUKora

7. Kornko yecto ce 4yBCTBaTe YMOPEH, Cried KaTo cTe cnan?
1 NOYTH BCEKM AeH
" 3-4 NbTU CEAMUYHO
© 1-2 NbTH ceamniHo
1 1-2 MbTU MeceyHo
 HUKOT@ UMK NOYTY HUKOra

8. Mo spemeTo KoraTo cTe SyAeH, YyBCTBaTE fIM C& YMOPEH W
He “BbB chopma”?
© MOYTH BCEKU AeH
C 3-4 NbTH Ce AMUYHO
~ 1-2 NbTH cegMMYHO
C 1-2 MbTH MeceyHo
© HUKOT2 WM NOYTK HUKora

9. Cnyusano nu Bu ce e ga sagpemMeTe Wnu 3acnute gokato
wodpupare?
=¥}
C He

10. imaTe Ny NOBHLLIEHO KPBBHO HanAraHe?
U Aa, ¢ 06MYaAHN CTOAHOCTH. ... /..... U MAKCUManHM ......[...
U He
C He 3Ham

Wme

Appec

Data Ha paxpaHe

TenedoH 3a KOHTaKT

Kot By Hacoum kbm Hac?

Fig. 6. Berlin sleep questionnaire, filled in by the participants in the study

Results and discussion

A total of 70 participants took part in the study con-
ducted in the Sector ,,Audio-vestibular and Sleep
Medicine”, Medical University ,,Prof. Dr. Paraskev
Stoyanov” — Varna, of whom 50 were male and 20
were female, with a percentage ratio of 29% female
to 71% male, respectively (Fig. 7).

Percentage distribution of all the
participants in the study by gender

Female
29%

Male = Female

Fig. 7. Percentage distribution of all the partici-
pants in the study by gender

When conducting the rhinomanometric examina-
tion, the anterior measurement method was imple-
mented on all patients. After relaxing for at least 20
minutes, in sitting position, in one nostril at a time,
all patients were examined using the active anterior
rhinometry method.

After a complete otorhinolaryngological examina-
tion, only 20 % of the participants (14 participants,
7 male and 7 female) were not diagnosed with any
ENT-disease. Among the remaining, allergic rhini-
tis, chronic rhinogenic and odontogenic sinusitis,
chronic pharyngitis were observed, and patients
with more than one of the indicated diseases com-
bined were described. The most frequently placed
diagnosis was the chronic allergic rhinitis (more
than 40% of the cases), often combined with nasal
polyposis. More than 80% of the patients with
the diagnosis of sinusitis, authors came to the
conclusion it was of rhinogenic type. In patients
with allergic rhinitis, when applying the anterior
rhinometry method, a curve is generated in the red
area, and a visible change in nasal patency and
clear indicators of obstruction are observed on the
rhinomanometric report.

On Fig. 8 and Fig. 9, a normal and abnormal rhin-
omanometry are shown (Fig.8, Fig. 9).
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Fig. 8. A normal rhinomanometry
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Fig. 9. Abnormal rhinomanometry in a case of chronic allergic rhinitis
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The diagnosis of nasal breathing is performed
correctly and accurately using the active anterior
rhinometry method in a sitting position. (8) With
the help of the rhinomanometry device, it is pos-
sible to accurately quantify and differentiate the
nasal patency. With the development of technol-
ogies and the improvement of rhinomanometry
devices, the applied parameters for analysis can
be individualized. Modern means for applying the
rhinomanometry method have auxiliary tools for
reading the results and facilitate the assessment of
the patients’ condition and the correct and timely
diagnosis. Rhinomanometry devices are hygienic,
have removable filter pads located in the probe
body, which prevent contamination inside the
probe. (9) With the help of the rhinomanometer,
pressure, volumetric flow and nasal resistance are
measured (10, 11) and their alterations through the
course of the treatment can be monitored and con-
trolled (Fig. 10).

Fig. 10. Moments of a patient clinical examination
with the rhinomanometer.

The distribution of the severity of the Obstructive
sleep apnea cases (based on AHI) diagnosed can be
seen on Table 1 (Table 1). SOSAS cases were diag-
nosed in 50 out of the 56 patients with an ENT-dis-
order. All patients with a SOSAS case were diag-
nosed with a nasal obstruction of a different degree.
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Table 1. Obstructive sleep apnea cases diagnosed

Form of OSA Male (n,) Female (n,)
Mild (AHI=5-15) 15 (37.5%) 4 (40%)
Moderate o o
(AHI=15-30) 20 (50%) 4 (40%)
Severe (AHI>30) 5 (12.5%) 2 (20%)
Total number of o o
cases (N) 40 (71.4%) 10 (28.6%)

Authors re-tested the sleep quality and quantity of
all SOSAS patients, after treating the nasal obstruc-
tion condition and found out that AHI tends to
reduce. Symptoms of OSA were alleviated.

Conclusions

From the study authors conclude that early detec-
tion of altered pressure, volumetric airflow and
nasal resistance using rhinomanometry can pre-
vent or delay the development of the syndrome of
obstructive sleep apnea and snoring. The results of
the scientific study show that rhinomanometry is an
effective clinical diagnostic method for measuring,
assessing and diagnosing nasal breathing. Timely
diagnosis of SOSAS is the key to successful and
correct treatment of patients and improving their
quality of life. Treating the nasal obstruction alle-
viates the symptoms of OSA.
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