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Abstract

Purpose To investigate whether the use of continuous positive airway pressure (CPAP) therapy due to obstructive sleep
apnea (OSA) affects the nasolacrimal duct (NLD) drainage.

Methods In this prospective study, group 1 included 82 NLDs from 41patients with OSA who were treated with CPAP at
least 6 months to 2 years. Group 2 included 68 NLDs from 34 patients with OSA who received no CPAP therapy. Group
3 included 70 NLDs from 35 healthy volunteers, with no nasal/paranasal or nasolacrimal system problems. Nasolacrimal
drainage times of participants in all groups were measured by observing the fluorescein-containing eye drops administered
into the eye via endoscopic visualization of Hasner’s valve area. The time of nasolacrimal drainage was compared between
the three groups. The correlation of NLD drainage time with PAP pressure and CPAP usage was investigated.

Results The NLD drainage time of group 1 was significantly shorter compared both to the group 2 (p=0.001) and group
3 (p<0.001). Correlation analysis revealed a statistically significant negative correlation between NLD drainage time and
CPAP pressure (p<0.01, »=—0.305) and no correlation between NLD drainage time and CPAP treatment duration (p=0.304,

r=0.115).

Conclusion CPAP usage changes NLD drainage time in patients with OSA who regularly use CPAP.

Keywords Obstructive sleep apnea - Nasolacrimal canal - Side effect - CPAP

Introduction

The incidence of obstructive sleep apnea (OSA), a chronic
disease that causes serious morbidity and mortality, is
continuously increasing [1-3]. Although various treat-
ments such as nasal, palatal, tongue base, and mandibular
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surgeries and the use of intraoral appliances are recom-
mended in addition to lifestyle modifications such as weight
control and sleep hygiene, continuous positive airway pres-
sure (CPAP) remains the most effective and widely used
method for symptomatic recovery in moderate and severe
OSA [2, 4].
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Owing to its splint-like effect, CPAP prevents the upper
respiratory tract from collapsing and increases the speed
and amount of airflow passing through the upper respiratory
tract [5].

Despite its healing effects on OSA symptoms, skin irri-
tation, dry mouth, dental issues, voice problems, pressure
problems in the ears, acrophagia, nasal discharge, nasal
infection, impaired mucociliary clearance, nasal resistance
changes, and ophthalmological problems may be observed
in patients using CPAP [6].

Moreover, several studies have demonstrated that CPAP
therapy can alter the function of nearby anatomical struc-
tures such as the paranasal sinuses, nasal mucosa, middle
ear, and Eustachian tube by modifying local airflow and
pressure dynamics [5—10]. Given that the nasolacrimal duct
(NLD) drains directly into the inferior nasal meatus—an
area affected by CPAP-induced pressure—it is reasonable
to hypothesize that this structure may also be physiologi-
cally influenced by CPAP use. Despite this reasonable con-
nection, no prior study has specifically investigated whether
CPAP therapy alters NLD drainage time.

Understanding whether CPAP therapy alters NLD drain-
age time may have important clinical implications, particu-
larly in explaining the pathophysiology of dry eye symptoms
frequently reported by OSA patients. Furthermore, if a rela-
tionship is established between CPAP use and changes in
nasolacrimal function, this may provide new insights into
the etiology of CPAP-associated ocular complications and
potentially contribute to their prevention or management in
clinical practice, ultimately improving ocular health in OSA
patients using CPAP.

Therefore, this study aimed to explore the impact of
CPAP treatment on nasolacrimal drainage, highlighting a
previously unexamined consequence of CPAP therapy.

Methods
Study design

This prospective, comparative clinical study was conducted
between September 2020 and 2022 and was approved by
the institutional ethics committee (IEC approval number:
2020/120) of a tertiary reference center. The study was con-
ducted in accordance with the basic principles of Helsinki
Declaration. The study was conducted in the outpatient
clinic conditions of a tertiary hospital, which is a regional
reference center for the departments of ear, nose and throat,
ophthalmology and chest diseases. All participants were
given information about the study and written informed
consent was obtained from all participants.
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Group 1 included 82 NLDs from 41 patients aged
between 18 and 65 years, diagnosed with OSA (moderate
or severe) by polysomnography test, and treated with CPAP
(in the form of a nasal mask) for OSA for at least 6 months
to 2 years.

Group 2 included 68 NLDs from 34 patients aged
between 18 and 65 years who were diagnosed with moder-
ate to severe OSA based on PSG findings and were recom-
mended CPAP therapy, but either declined treatment or had
not yet initiated it at the time of the study. These patients did
not receive any form of active intervention such as surgical
procedures or oral appliance therapy. Instead, they were only
provided with lifestyle modification counseling, including
advice on weight management and sleep hygiene, which
were also routinely recommended to all other patients diag-
nosed with moderate to severe OSA. Since no CPAP therapy
or surgical intervention was applied to this group, they were
included as an untreated control group in the study design
to ensure that any potential outcomes could be attributed to
CPAP therapy rather than to OSA itself.

The patients with any nasal or paranasal sinus problems
such as nasal septum deviation, turbinate hypertrophy, or
rhinosinusitis; those who had undergone nasal, paranasal,
or ocular surgery; those who received any medical or surgi-
cal treatment for the nasolacrimal system or who had a his-
tory of facial surgery that may affect nasolacrimal drainage
(medial maxillectomy, endoscopic sinus surgery, turbinate
surgery, or maxillofacial surgery); those who had head and
neck trauma; those who used alcohol or cigarettes; those
with chronic diseases such as diabetes mellitus or hyperten-
sion (HT) were excluded.

Group 3 included 70 NLDs from 35 healthy volunteers
between the age of 18 and 65 years; without any nasal or
paranasal sinus problems such as nasal septum deviation,
turbinate hypertrophy, and rhinosinusitis; no history of
snoring, apnea, or nasal complaints; no systemic diseases,
routine drug use, or alcohol consumption; who were not
smokers; had not undergone any otorhinolaryngological,
ophthalmological, or maxillofacial surgery; and had no
complaints about the nasolacrimal system.

Polysomnography (PSG)

The PSG procedure for all patients in the study group was
performed as follows. All the patients underwent full-
night polysomnography using a 62-channel Embla N7000
device (Medcare Flage, Iceland). Specific signals of inter-
est for sleep scoring included EEG, EOG, chin EMG, ECG,
bilateral anterior tibial muscle EMG, nasal airflow, respi-
ratory effort (thoracic and abdominal movements), oxygen
saturation, tracheal microphone, and body position. Sleep
records were scored according to the standard criteria of
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the American Academy of Sleep Medicine (AASM) [11].
Apnea was defined as a reduction of at least 90% in airflow
amplitude for >10 s. Hypopnea was defined as a reduction
of at least 30% airflow for >10 s with oxygen desaturation
of >3% or accompanying arousal.

Patients were classified based on OSA severity as fol-
lows: AHI of <5 events/h was considered normal, AHI of
5-30 events/h was considered mild-to-moderate, and AHI
of >30 events/h was considered severe [11].

Study protocol

To measure the nasolacrimal duct drainage time, an expe-
rienced ophthalmologist (GSV) administered one drop of
proparacaine 0.375% and 0.25% sodium fluorescein eye
drops to the right eye of all participants. To calculate the
NLD drainage time, following eye drop administration, an
experienced otorhinolaryngologist (KGT) observed the area
of Hasner’s valve under the inferior turbinate with a rigid,
0°, 2.7-mm-diameter Hopkins pediatric endoscope (Karl
Storz, Tuttlingen, Germany) and observed that the fluores-
cein drop reached the nasal cavity. The time between the
instillation of the eye drop and its appearance in the inferior
meatus was measured using a stopwatch by an otorhino-
laryngologist (HC) who was unaware of which group the
patient belonged to and recorded as the NLD drainage time
in seconds. The same procedure and measurements were
performed on the patient’s left eye by the same researchers.
No medications containing topical anesthetics or deconges-
tants were administered before the examination. To stan-
dardize this measurement, these procedures were performed
by the same experienced otolaryngologists and ophthalmol-
ogist, who did not know which group the patients belonged
to, in the same outpatient clinic room and examination unit,
using the same stopwatch, endoscope, and eye drops pre-
pared in the same manner.

Nasolacrimal drainage times were compared between the
three groups.

Table 1 Demographics of patients and NLD drainage times

Group 1 Group 2 Group 3 p-value
(n=41) (n=34) (n=35)
Age*  532£11.7 49+12.6 50.8+17.3 0.1207
Gender 14/27 9/25 15/20 0.128%
(F/M)
NLD  185.2+154.7% 288+195.7° 335.8+191.7° P<0.001"
drainage
time
(sec)*

F, female; M, male; NLD, nasolacrimal duct; sec, seconds, n=number
of patients, *presented as mean+standard deviations, { Chi-square
test, TKruskal-Wallis test, post hoc: a-b: P=0.001 a-c: P<0.001 b-c:
p=0413

In addition, demographic information and medical
records of patients were examined, and PSG parameters
(apnea—hypopnea index [AHI] and body mass index [BMI])
and titration pressures were recorded. In addition to com-
paring three groups based on the NLD drainage time, a cor-
relation analysis was performed to evaluate the association
of NLD drainage time with the CPAP use times and CPAP
pressures of the Group 1.

Statistical analysis

The data of the present study were evaluated using the Sta-
tistical Package for Social Sciences for Windows v.22.0
(SPSS Inc. Chicago, IL, USA) software. Descriptive sta-
tistics were expressed as mean (+) standard deviation, fre-
quency distribution, and percentage. Normally distributed
variables were evaluated using the Kolmogorov—Smirnov
test. Mann—Whitney U-test and Kruskal Wallis test were
used for data analysis of continuous variables, whereas the
chi-square test was used for categorical variables. The Yates
continuity correction was utilized to improve the chi-square
test and Fisher’s exact test approximations. The relation-
ships between variables were evaluated using Spearman’s
correlation analysis. A P-value of <0.05 was considered sta-
tistically significant.

Results

A total of 136 participants were enrolled in this study. Sev-
enteen patients were excluded from the study because they
did not comply with CPAP and 9 refused eye drop admin-
istration into their eyes or measurements. Eventually, 110
participants aged between 18 and 65 years were enrolled in
the present study. Among them, 72 (65.45%) were male and
38 (34.54%) were female.

Groups 1, 2 and 3 included 41, 34 and 35 participants,
respectively. The three groups were similar and comparable
in terms of age and gender (Table 1).

The average AHI was 39.6+18.2 in group 1, 40.2+21.2
in group 2 and no significant difference was evident between
the AHIs of Group 1 and Group 2 (p=0.868).

The CPAP pressure of the patients in Group 1 was
between 4 and 14 cmH,0, with a mean of 10.0+3.7 cm H,0.

The average CPAP usage duration of patients in Group 1
was 17.7+6.3 months.

The NLD drainage time of Group 1 was significantly
shorter compared both to the Group 2 (p=0.001) and Group
3 (p<0.001) (Table 1).

No significant difference was observed between the
NLD drainage times of the Group 2 and Group 3 (p=0.413)
(Table 1).
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Table2 The correlation of NLD drainage time with CPAP pressure and
CPAP usage time

N=41 NLD drain-  CPAP pressure CPAP
age time usage
time
r r r
NLD drainage time 1
CPAP pressure -0,305™ 1
CPAP usage time 0,115 0,139 1

R, Spearman’s correlation coefficient, **= p<0.01, NLD, nasolacri-
mal duct; CPAP, continuous positive airway pressure; N, number of
patients

A correlation analysis was performed to evaluate whether
PAP pressure and CPAP usage time affected NLD drain-
age. A statistically significant negative correlation was
found between the NLD drainage time and CPAP pressure
(»<0.01, r=—0.305), and it was concluded that as the CPAP
pressure increased, the drainage time decreased (Table 2).

No correlation was detected between NLD drainage time
and CPAP treatment duration (p=0.304, »=0.115) (Table 2).

Discussion

To the best of our knowledge, this is the first study to inves-
tigate whether CPAP usage changes the NLD drainage time
in patients with OSA. Our results found that NLD drainage
time of patients using CPAP regularly for at least 6 months
and at most 2 years (mean 17.7+6.3 months) was signifi-
cantly shorter compared to both healthy volunteers and OSA
patients not receiving CPAP therapy. In addition to this find-
ing, whether the CPAP usage time and CPAP pressure were
associated with the NLD drainage time was determined,
and it was concluded that as the CPAP pressure increased,
NLD drainage time shortened; however, no statistically sig-
nificant relationship was observed between the CPAP usage
duration and NLD drainage time.

OSA is a common health problem that can lead to seri-
ous morbidity and mortality. With increased disease occur-
rence and awareness, CPAP use, which is considered a basic
treatment for OSA, has become more common [12—15].
CPAP therapy operates by delivering a constant stream of
pressurized air to the upper airway via a nasal or oronasal
mask, thereby preventing airway collapse during sleep. This
pressurization alters not only airflow dynamics in the upper
respiratory tract but also affects adjacent anatomical regions
by modulating mucosal pressure gradients, airflow resis-
tance, and tissue compliance [16, 17]. Studies have shown
that CPAP can impact the function of the Eustachian tube,
sinus ventilation, and mucociliary clearance by influenc-
ing local pressure and humidity levels [S—10]. These effects
are not isolated to the upper respiratory tract; rather, they
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can extend to anatomically contiguous systems such as
the nasolacrimal duct (NLD), which drains tears from the
ocular surface into the nasal cavity via Hasner’s valve. The
NLD shares a direct anatomical outlet into the inferior nasal
meatus, making it susceptible to changes in intranasal air-
flow velocity and pressure gradients induced by CPAP.

Although CPAP therapy remains the most effective treat-
ment for OSA, it is associated with various side effects. Der-
matological complications include facial skin irritation and
pressure-related lesions, often caused by prolonged mask
use [6]. Respiratory and nasal issues such as nasal conges-
tion, dryness, epistaxis, and impaired mucociliary clearance
result from continuous airflow and reduced nasal humidity
[6, 10]. Otologic symptoms like ear fullness may stem from
pressure effects on the Eustachian tube [5, 7, 8]. Gastro-
intestinal symptoms, such as aerophagia, are attributed to
inadvertent air swallowing. Ophthalmologic complications
occur in 10-30% of patients treated with CPAP. Dry eyes
and bacterial conjunctivitis have been reported as the most
common ophthalmological complications in patients using
CPAP [18-20].

Although eye complications resulting from PAP treat-
ment have been predicted to be associated with three
mechanisms, including air leakage from the mask, venous
drainage disruption in the eyes due to the pressure exerted
by the mask, or retrograde air and mucus escape via the
nasolacrimal system, the main cause of eye complications
remains unclear [21].

According to our literature research regarding the effects
of PAP treatment on the paranasal region, the functions of
almost all anatomical structures related to the paranasal
sinuses, nasopharynx, and nasal cavity have been investi-
gated, from affecting the eustachian tube function to chang-
ing the volume and function of the paranasal sinuses and
nasal mucociliary clearance. However, no study has inves-
tigated the function of the NLD, a structure that is directly
connected to the nasal cavity and may be related to dry eyes
and other tear-related problems [5].

Hasner’s valve is a mucosal fold located at the distal end
of the nasolacrimal duct (NLD), opening into the inferior
meatus of the nasal cavity. Tears collected in the lacrimal
sac drain into the nasal cavity through Hasner’s valve in an
ejaculation manner, when sufficient pressure is generated.
Hasner’s valve is not a true valve or sphincter but a mucosal
fold with function affected by pressure changes.

Tear drainage occurs in two ways: passive and active.
While gravity is responsible for passive drainage, pres-
sure changes in the lacrimal system and tear movement are
responsible for active drainage from the Hasner’s valve. In
addition to the passive effect of gravity, as a result of pres-
sure changes in the lacrimal apparatus, a pressure difference
occurs between the nasal cavity and lacrimal system; thus,
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the Hasner’s valve opens and the tear is discharged into the
nasal cavity [22].

Considering the NLD and Hasner’s valve, which is in a
fold formation unlike a normal valve, changes in the pres-
sure, flow, and anatomical factors both in the lacrimal appa-
ratus on the side of the eye and in the nasal cavity can affect
drainage from the NLD. In PAP treatment, air pressure
affects all respiratory tract surfaces and related structures,
causing pressure and flow changes in the aforementioned
areas.

Based on our study results, the NLD drainage time
changed in patients treated with CPAP. This is thought to be
caused by the following two possible mechanisms:

First, it may be due to the positional change that may
occur in Hasner’s valve due to CPAP pressure or the ana-
tomical expansion of the nasolacrimal apparatus mentioned
in previous studies [23].

Second, in accordance with Bernoulli’s principle (which
states that an increased velocity during a flow in fluid
dynamics causes a simultaneous decrease in pressure), the
airflow velocity and pressure changes occurring in the nasal
cavity due to the use of CPAP may have increased the drain-
age from the valve by creating a pressure difference between
the two sides of the Hasner’s valve [24].

Although reasons such as air leakage from the mask
or air regurgitation from the NLD are emphasized as the
causes of eye complications observed in patients with OSA
using CPAP, no definitive cause has been reported in the
literature. So, it should be kept in mind that decreased NLD
drainage time may be considered in the etiology of dry eye
complaints in patients without retrograde air or mask leak-
age, which is a common side effect in patients using CPAP.

In our study, considering the correlation of NLD drain-
age time with CPAP pressure and CPAP usage duration, it
was found that there was a negative correlation between
increased CPAP pressure and NLD drainage time, regard-
less of the duration of CPAP usage. We believe that this find-
ing may be meaningful in that it supports the mechanisms
that we think may be responsible for the change in the NLD
drainage time. Although the correlation between CPAP
pressure and NLD drainage time was statistically signifi-
cant, the strength of the association was weak (r=—0.305).
Therefore, while the findings suggest a possible link, they
should be interpreted with caution and may warrant further
investigation in larger cohorts to confirm the clinical rel-
evance of this relationship.

We believe that our study may inspire new studies to
clarify whether there is a relationship between the change in
the NLD drainage time and eye complications, especially in
patients receiving PAP therapy.

The fact that the study was single-center and had a small
sample size can be considered a limitation.

Conclusion

According to our literature review, this is the first study to
investigate whether the use of CPAP therapy for OSA affects
the NLD drainage time, and as a result of our study, the
NLD drainage time of patients using CPAP regularly for at
least 6 months was shorter compared to healthy volunteers
and patients with OSA receiving no CPAP therapy.

We believe that our study may inspire future studies to
elucidate whether changes in NLD drainage time are related
to eye complications, especially in patients receiving CPAP
treatment.
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