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A b s t r a c t

Introduction: The aim of the study was to determine the correlation between
pulsatile ocular blood flow (POBF) and sleep apnoea syndrome (SAS). 
Material and methods: Patients were recruited from those who underwent
polysomnography in the “Sleep Unit” of the physiology department (Medical
University, Lodz, Poland). A total of 52 Caucasian patients, 34 with SAS and 
18 age- and gender-matched controls, were included in the study. Comprehensive
ophthalmic examination included the pulsatile ocular blood flow (POBF)
measurements, disc analysis with Heidelberg Retina Tomograph II and Oculus
Centerfield computerized perimetry as well as the best visual acuity, a slit lamp
and indirect ophthalmoscopic evaluation of anterior and posterior segments
and applanation tonometry.
Results: The observed prevalence of glaucoma in SAS patients was 5.9% 
(2 of 34). The mean values of POBF were 1069.21 ±235.94 μl/min in the SAS group
and 1061.78 ±174.63 μl/min in the control group. The study revealed that the
differences of mean POBF between the SAS patients and the control group were
not statistically significant: Mann-Whitney U-test p > 0.05. No correlations were
found between sleep apnoea syndrome and mean intraocular pressure (IOP), mean
retinal nerve fibre layer (RNFL) thickness and visual field mean defect (MD).
Conclusions: No correlation was found between pulsatile ocular blood flow and
sleep apnoea syndrome. Although some previous studies found an association
between IOP, MD, RNFL thickness and sleep apnoea syndrome, our study did
not confirm that. However, a high prevalence of glaucoma was found among
SAS patients in Poland. 
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Introduction

Sleep apnoea syndrome (SAS) is a disease characterized by recurrent
complete or partial upper airway obstruction during sleep. Inducing hypoxia,
it may cause serious cardiovascular and neurological complications. The
incidence of sleep apnoea is the highest in overweight and middle-aged
or older men. Other risk factors associated with SAS include neck
circumference, upper airway abnormalities, alcohol abuse and snoring.
Several eye disorders have been found in association with SAS, including:
floppy eyelid syndrome, keratoconus, optic neuropathy, non-arteritic
anterior ischaemic optic neuropathy and papilloedema secondary to raised
intracranial pressure [1-3].
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In 1999 Mojon et al. first found the association
between SAS and either primary open angle
glaucoma or normal tension glaucoma [4]. Since
that time several reports have confirmed this
association, and revealed that almost 20% of
glaucoma patients present sleeping disorders.
Recent studies have shown that there is also
a correlation between SAS and either higher
incidence of visual field defects or decrease in the
retinal fibre layer [5-10]. Although, considering this
evidence, the association between SAS and
glaucoma may be suspected to be really strong, its
mechanism still remains unknown or at least
unclear. 

There is increasing evidence that altered retinal
blood flow is one of the major risk factors of
developing glaucoma [11, 12]. The major cause of
this reduction in ocular blood flow is thought to be
vascular dysregulation [11-14]. There is also evidence
that pulsatile ocular blood flow (POBF) is
significantly reduced in glaucoma patients [15, 16]. 

Pulsatile ocular blood flow is created by the
pulsatile waveform as blood passes through the eye
with each heartbeat. Calculation of the pulsatile
component of the ocular blood flow is based on the
amplitude and shape of the intraocular pressure
(IOP) and on the heart rate. A built-in computer
selects the five most representative pulses for the
calculation of POBF (μl/min) [17, 18].

Pulsatile ocular blood flow measures the total
ocular blood flow and it is known that choroidal
circulation constitutes 85% of the total ocular blood
flow. Since it is the choroidal flow, which supplies
the optic nerve, POBF seems to be of importance
in the evaluation of glaucomatous damage [19]. 

The aim of the study was to determine the
correlation between POBF and sleep apnoea
syndrome (SAS).

Material and methods

The study design was semi-prospective and
cross-sectional. Patients were consecutively
recruited from those who underwent poly -
somnography in the “Sleep Unit” of the physiology
department (Medical University, Lodz, Poland). All
of them were subjects of European Caucasian
origin, most of whom live or lived in Poland. The
diagnosis of sleep apnoea syndrome was based on
whole night polysomnographic recordings. The
apnoea-hypopnoea index was used to define the
number of apnoeas and hypopnoeas experienced
per hour of sleep. Sleep study findings for SAS were
considered positive when the apnoea-hypopnoea
index (AHI) was ≥ 5/h. Patients with sleep apnoea
syndrome using a CPAP (continuous positive airway
pressure) mask were excluded from the study. The
controls were selected from those who had sleep
studies for some indication but had AHI < 5. A total

of 52 Caucasian patients, 34 with SAS and 18 age-
and gender-matched controls, were included in the
study. The study participants were contacted by
telephone and scheduled for the ophthalmic
examination from January 2006 to February 2008.
The study adhered to the provisions of the
Declaration of Helsinki for research involving human
subjects and was approved by the institutional
review board of the Medical University of Lodz,
Poland. 

Ophthalmic examinations

In each patient a single study eye was randomly
chosen for the data. Comprehensive ophthalmic
examination included the POBF measurements,
disc analysis with Heidelberg Retina Tomograph II
and Oculus Centerfield computerized perimetry as
well as the best visual acuity, applanation
tonometry, a slit lamp evaluation of the anterior
segment and two 45° fundus images of each
selected eye. A complete medical history was taken
for each patient. Pulsatile ocular blood flow was
recorded in a sitting position after instillation of
one drop of Alcaine. We used an ocular blood flow
(OBF) system (supplied by OBF Laboratories UK,
Ltd., Malmesbury, Wiltshire, UK) whose tonograph
has been reported to have measurements of
acceptable accuracy and reproducibility [17, 18].
Other measurements with the OBF system
included pulse amplitude, rate and volume. In this
study, only mean POBF and IOP values were
subjected to statistical analyses. 

Computerized perimetry was performed by an
experienced perimetrist using the glaucoma
program Oculus Centerfield ver. 3.12r07 (supplied
by Oculus Poland, Ltd., Warsaw, Poland), which is
equivalent to 30.2 Humphrey visual field. Mean
defect was calculated for both eyes in each patient.
A visual field test was considered reliable if false-
positive and false-negative answers were < 15%.
Disc analysis with Heidelberg Retina Tomograph II
(supplied by Heidelberg Engineering GmbH,
Heidelberg, Germany) included rim area, rim
volume, linear cup/disc ratio and mean retinal nerve
fibre layer (RNFL) thickness. For the diagnosis of
primary open angle glaucoma (POAG) or ocular
hypertension (OHT), the criteria based on the Ocular
Hypertension Treatment Study had to be
maintained [19].

Data management and statistical analysis

Data were entered into a Microsoft Excel
database and all statistical analyses were
performed using STATISTICA ver. 6.1 PL software
(supplied by StatSoft Polska, Cracow, Poland). The
correlation between AHI and age and body mass
index (BMI) was examined with unpaired Student’s
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t-test. Fisher-Behrens test was used to investigate
the correlation between AHI and sex distribution as
well as in diagnosis of systemic hypertension. Mean
values of POBF, IOP and RNFL thickness were
calculated. The differences between mean POBF,
mean IOP, mean RNFL thickness in the sleep
apnoea group and the controls were examined with
Mann-Whitney U-test. All sample means are
reported with their standard deviations. Differences
were considered significant at p < 0.05.

Results

Study participants

The demographic characteristics of the patients
grouped according to AHI are presented in Table I.
The study comprised 34 patients with SAS and 18
healthy controls. The mean value of AHI among
sleep apnoea patients was 64.12 ±24.59. Most of
these patients were diagnosed with moderate to
severe SAS. There was no significant difference
between the groups in terms of sex distribution
(Fisher-Behrens test, p > 0.05). The mean age of the
patient group was 51.4 ±9.2 years, while in the
control group it was 50.1 ±8.7; there were no
statistically significant differences in age distribution
between the groups (unpaired Student’s t-test,
t = 0.35, p > 0.05). The AHI was significantly
associated with the body mass index (unpaired
Student’s t-test, t = 2.1, p < 0.05). But there was no
correlation between AHI and systemic hypertension.

However, this finding was of borderline significance
(Fisher-Behrens test, p = 0.06).

Ophthalmic examinations

Reliable measurements were obtained in 52 eyes.
Two patients were diagnosed with glaucoma. One
had been previously diagnosed with POAG and
treated with a topical β-blocker twice daily. Another
patient had previously unrecognized normal tension
glaucoma (NTG). Both of them had sleep apnoea
syndrome. The observed prevalence of glaucoma
in SAS patients was 5.9% (2 of 34). No OHT was
found in the studied groups. 

The results of POBF measurements in both
groups are presented in Table II. The mean values
of POBF were 1069.21 ±235.94 μl/min in the SAS
group and 1061.78 ±174.63 μl/min in the control
group. The study revealed that the differences in
mean POBF were not statistically significant in the
investigated groups: Mann-Whitney U-test p > 0.05.

The results of IOP and RNFL thickness mea -
surements are presented in Tables III-IV. No
statistically significant differences in mean IOP and
mean RNFL thickness were found in patients with
sleep apnoea syndrome and in the controls: Mann-
Whitney U-test p > 0.05.

Computerized perimetry revealed defects in the
visual field caused by glaucoma (POAG and NTG)
in two patients. No correlation was found between
the presence and absence of SAS and quantitative
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AHI No. of patients Age ± SD [years] Sex (M/F) BMI ± SD [kg/m2]

≥ 5 34 51.4 ±9.2 30/4 31.5 ±4.7

< 5 18 50.1 ±8.7 16/2 28.3 ±4.0

Student’s t-test: Age t = 0.35, p > 0.05, BMI t = 2.1, p < 0.05, Fisher-Behrens test: sex p > 0.05
AHI – apnoea-hypopnoea index, BMI – body mass index 

Table I. Demographic data of the study participants

AHI n Mean Median Min. Max. Std. dev.

≥ 5 34 1069.21 1053.50 726.00 1674.00 235.94 

< 5 18 1061.78 1052.00 734.00 1378.00 174.63  

All 52 1066.64 1053.50 726.00 1674.00 214.94

Mann-Whitney U-test (p < 0.05), POBF U = 297.0, Z = –0.164, p = 0.870

Table II. Characteristics of pulsatile ocular blood flow (μl/min)

AHI n Mean Median Min. Max. Std. dev.

≥ 5 34 19.06 19.00 11.70 25.00 2.95

< 5 18 18.71 17.70 15.90 22.50 2.52

All 52 18.94 18.95 11.70 25.00 2.79

Mann-Whitney U-test (p < 0.05), IOP U = 255.00, Z = 0.979, p = 0.328

Table III. Characteristics of intraocular pressure (mmHg)
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assessment of mean defect (MD). Other exa -
minations, including the best visual acuity and
evaluation of anterior and posterior segments, did
not demonstrate any significant differences
between the SAS group and the controls.

Discussion

In the present report the correlation of POBF and
SAS was investigated. The study revealed that there
was no correlation between mean pulsatile ocular
blood flow measurements and sleep apnoea
syndrome. Direct comparison of our results to the
results obtained in other studies concerning POBF
and glaucoma is limited due to the fact that those
studies did not focus on patients with sleep apnoea
syndrome. Previously published data showed that
high-risk ocular hypertensive and primary open
angle glaucoma patients with high IOP had
significantly reduced pulsatile ocular blood flow
when compared with low-risk hypertensive and
healthy subjects [15, 16]. The present study was
inspired by an accumulating number of reports on
the relation between altered ocular blood flow and
the development of glaucoma [11-13, 20-22]. Due to
the inaccessibility of the eye during sleep, we chose
to study POBF in patients with sleeping disorders
as we hypothesized that glaucomatous neuropathy
in them may result from pathological ocular blood
flow. However, according to Schmetterer et al. POBF
might not be an adequate measure of total ocular
blood flow. There are several limitations of POBF
since the values are not obtained through direct
measurement of ocular blood flow, but derived
mathematically by estimating ocular pulse volume
change based on preset equations relating ocular
volume to IOP. This formula is based on the cardiac
cycle and a standard scleral rigidity. Pulsatile ocular
blood flow measurements are therefore affected by
individual differences of scleral rigidity, ocular
volume, heart rate, systemic blood pressure and
IOP [17]. This may have biased the findings. Topical
β-blocker in one glaucoma patient might also have
interfered with ocular blood flow. However, in
a recent study from Turkey concerning ocular blood
flow and SAS, there was no statistically significant
difference between ophthalmic artery resistivity
index (OARI) and central retinal artery resistivity
index (CRARI) between patients and controls 

(p > 0.05) [23]. Other hypotheses of the origin of
glaucoma in SAS patients state that it may result
from impaired optic nerve head blood flow
autoregulation secondary to repetitive prolonged
apnoeas. Alternatively, optic nerve vascular
dysregulation might be secondary to SAS-induced
arterial hypertension and arteriosclerosis or to the
imbalance between nitric oxide (a vasodilator) and
endothelin (a vasoconstrictor) [4]. What is
interesting, in a study of POBF in healthy young
adults, it was found that stimulated obstructive
apnoeas, such as those generated by the Mueller
manoeuvre, were associated with a concomitant
increase in pulsatile ocular blood flow [24].

In our study we also investigated the correlations
between the prevalence of glaucoma, IOP, RNFL
thickness and visual field mean defect (MD) and
SAS. The study revealed that the prevalence of
glaucoma in our group of patients with sleep
apnoea syndrome was 5.9% (2 of 34). Although the
low number of patients in the present study was
the most important limitation, our results were in
agreement with the studies that support the
association between SAS and glaucoma [4, 7, 8, 23].

In those reports that support this association,
the prevalence of both primary open angle and
normal tension glaucoma among the SAS
population ranged from 5.9% to 12.9% [4, 7, 8, 23].
Contrary to these reports, Geyer et al. reported that
the prevalence of glaucoma in SAS was similar to
that in the general population [25]. Despite the fact
that the link between SAS and glaucoma has been
investigated with contradictory results, the
prevalence of glaucoma among SAS patients in
Poland was significantly higher than expected in
a regular Caucasian population (1.7-3.0%) [25-27].

Some previously published studies revealed that
patients’ respiratory disturbance index (RDI), i.e.
the number of apnoeas experienced per hour, was
positively correlated with IOP, visual field defects
or decrease in the retinal fibre layer [4, 9, 10, 20].
Contrary to the above reports, in our study we did
not find any statistically significant association
between mean IOP, mean RNFL thickness and MD
with sleep apnoea syndrome. Although other
studies had higher numbers of patients, our results
were in agreement with Geyer et al., who published
a cross-sectional report involving 228 participants
with SAS and did not find a correlation between RDI

AHI n Mean Median Min. Max. Std. dev.

≥ 5 34 0.27 0.28 0.16 0.38 0.06

< 5 18 0.24 0.21 0.14 0.37 0.07

All 52 0.26 0.26 0.14 0.38 0.06

Mann-Whitney U-test (p < 0.05), RNFL thickness U = 220.00, Z = 1.646, p = 0.099

Table IV. Characteristics of retinal nerve fibre layer thickness (mm) in HRT II
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and IOP. Demographic analysis of the participants
of our study revealed that only the AHI was
significantly associated with body mass index. The
lack of significance for the association of SAS with
systemic hypertension is most likely due to the
small number of subjects.

In conclusion, in our group of patients there was
no correlation between pulsatile ocular blood flow
and sleep apnoea syndrome. Although some
previous studies found an association between IOP,
MD, RNFL thickness and sleep apnoea syndrome,
our study did not confirm that. However, a high
prevalence of glaucoma was found among SAS
patients in Poland. 
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