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Abstract

e AIM: To measure the retinal oxygen saturation in healthy
subjects and early branch retinal vein occlusion (BRVO) in
Chinese population.

e METHODS: The retinal vessel oxygen saturation of the
healthy subjects and BRVO patients were measured by a
noninvasive retinal oximeter (Oxymap ehf., Reykjavik, Iceland).
e RESULTS: The study included 22 patients with unilateral
BRVO (mean age: 55.1%£8.8y) in the study group and 91
healthy participants (mean age: 37.5%14.0y) in the control
group. In the healthy individuals, mean arterial and
venous oxygen saturation were significantly (P<0.001)
higher in the superior nasal quadrant (98.5%%10.1%
and 57.3%%8.7%, respectively) than in the inferior nasal
quadrant (94.2%%9.0% and 54.1%%9.6%, respectively),
followed by the superior temporal quadrant (89.1%*10.1%
and 51.9%%8.9%, respectively) and the inferior temporal
quadrant (86.4%%9.4% and 46.6%%9.6%, respectively). In
patients with ischemic BRVO, arterial oxymetric values
were significantly higher and venous measurements signi-
ficantly lower for the affected vessel (107.5%%9.7% and
46.4%*14.2%, respectively) than the unaffected vessel in
the same eye (99.2%%12.2% and 55.5%%7.9%, respectively)
and as compared to the vessel in the unaffected fellow
eye (93.1%%6.9% and 55.7%%6.8%) (P=0.005 and P=0.02,
respectively). In the patients with non-ischemic BRVO,
mean venous oxygen saturation was lower in the affected
vein (39.8%%12.2%) than in the unaffected vessels
of the same eye (50.8%*10.5%) and in the fellow eye
(58.21%%5.7%) (P=0.03). Mean arterial oxygen saturation
did not differ significantly (P=0.42) between all three
groups.

o CONCLUSION: In patients with BRVO, the venous oxygen
saturation in the affected vessels is decreased potentially
due to decreased blood velocity and flow. Interestingly, the

arterial oxygen saturation in eyes with ischemic BRVO is
increased in the affected arteries.
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INTRODUCTION
R etinal vein occlusions (RVOs) are the second most common
retinal vascular disorder after diabetic retinopathy and
are a significant cause of visual impairment' . Branch retinal
vein occlusion (BRVO) is the most common form of RVOs,
with a prevalence of approximately 0.5%-1.2% in a population
aged 40+ years'. Although the pathogenesis of BRVOs
has remained elusive yet, three pathomechanisms have been
discussed: compression of the vein at an arteriovenous crossing
in the retina, degenerative changes of the vessel wall, and
abnormal hematological factors'*®. Complications of BRVOs
include macular edema and decreased retinal perfusion. The
retinal malperfusion affects predominantly the inner two-thirds
of the retina since these retinal layers receive their blood and
oxygen supply mainly from the retinal blood vessels”™. The
retinal malperfusion in BRVO is associated with a decrease in
the partial oxygen pressure'”'”.
The retinal partial oxygen pressure can be measured with
a recently developed new device, the retinal oximeter'' ",
Since knowledge of the oxymetric status of the retina in
eyes with BRVOs may be clinically valuable to differentiate
between an ischemic type of BRVO and a non-ischemic type
of BRVO, we conducted this study to measure the retinal
vessel oxygen saturation by retinal oxymetry. Measurement of
the retinal oxygenation in the early stage of BRVO may be of
help to confirm the diagnosis and to assess the severity of the
occlusion.
SUBJECTS AND METHODS
The hospital-based, observational, comparative study included
normal individuals in Chinese population and a study group of
patients with early BRVO. The study protocol was approved
by the Medical Ethics Committee of the Beijing Tongren
Hospital and written informed consent was obtained from all
study participants. Inclusion criteria for the participants of
the study group were occurrence of a unilateral BRVO within
the last three months, and no history any other ocular disease
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and no history of any previous ocular therapy including
retinal laser treatment and medical intravitreal anti-vascular
endothelial growth factor therapy. BRVO was defined by
ophthalmoscopical criteria including intraretinal, flame-
shaped, dot-like or blot-shaped hemorrhages in a quadrant of
the fundus, soft and hard exudates, retinal edema, dilatation
and tortuosity of the related retinal veins, and by fluorescein
angiographic characteristics such as macular edema and
ischemia and delayed filling of the retinal veins. A capillary
non-perfusion area >5 disk diameters (DD) upon fluorescein
angiography was defined as ischemic BRVO and a non-
perfusion area of the retinal capillary <5 DD was defined
as non-ischemic BRVO. Inclusion criteria for the normal
individuals were no history of any ocular disease, a normal
appearance of the anterior segment and posterior segment of
the eye, intraocular pressure within the normal range, best-
corrected visual acuity of 20/20 or better, and an age >40y.
For all study participants, the quality of the oxymetric fundus
images had to be of sufficient quality for a quantitative assessment.
All study participants underwent an ophthalmic examination,
including refractometry and measurement of best-corrected
visual acuity, slit-lamp assisted biomicroscopic examination
of the anterior and posterior segment of the eye, tonometry,
fundus photography (Hybrid Digital Mydriatic Retinal
Camera CX-1 Canon Inc., Tokyo, Japan), spectral-domain
optical coherence tomography (Heidelberg Engineering
Co, Heidelberg, Germany), and retinal oxymetry. Retinal
oxymetry was performed using a retinal oximeter (Oxymap
ehf., Reykjavik, Iceland), which is based on a fundus camera
(Topcon Retinal Camera, TRC-50DX, Japan), two digital
cameras, an optical adapter and a beam splitter. Since most
of the oxygen in blood is carried bound to hemoglobin,
Sa0, is a good measure of the amount of oxygen in blood.
Oxygenated and deoxygenated hemoglobin have different
colors. This means that blood with different oxygen saturation
has different colors. Non-invasive oximetry is based on this
color difference. Absorbance at wavelengths like 570 nm is not
sensitive to oxygen saturation. Absorbance at 600 nm and most
other wavelengths is sensitive to oxygen saturation. Oximetry
with two wavelengths uses one oxygen sensitive wavelength
and one oxygen insensitive wavelength. The device could
automatically select measurement points on the oximetry
images and calculate the optical density of retinal vessels at
two wavelengths (600 nm and 570 nm)"*"*. The final oxygen
saturation result cannot be viewed as an absolute value. Factors
such as vessel width and fundus pigmentation are likely to
influence the results. After medical dilatation of the pupils
using tropicamide eye drops (Mydrin-P; Santen Oy, Japan,
the fundus images were taken in a dark room. For each study
participant and eye, we took an image centered on the optic
nerve head and an image centered on the macula (Figure 1).
All of the fundus images were performed by the same
photographer.

In the assessment of the fundus photographs, the retinal vessels
were divided into three groups: 1) vessels affected by the
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Figure 1 Fundus photograph showing the retinal vessels as imaged
and measured by the oximeter In the superior, inferior, nasal and
temporal quadrant, we selected the thickest arteriole and thickest
venule for each quadrant between the two circles outside of the
optic disc border.

occlusion in the eye with BRVO; 2) retinal vessels which were
not affected by the occlusion in the eye with BRVO; 3) vessels
in the fellow eye. The measured unaffected vessels were
comparable in location to the affected vessels. For example,
if a superotemporal venule was occluded, an inferotemporal
venule was chosen for comparison in the same eye and a
superotemporal venule in the fellow eye. We defined the
affected vessels as the vessels that close to the occlusion and
supplied the affected area at the greatest extent. In a second
step of image assessment, we measured the vessels separately
for the superior, inferior, nasal and temporal quadrants all eyes
included into the study. For analyzing the quadrant, we selected
the thickest arteriole and venule in each quadrant between two
circles which had a distance to the optic disc border of 0.5 disc
diameter and of 3 disc diameters, respectively (Figure 1).
Statistical Analysis The statistical analysis was performed
applying a statistical software program (SPSS for Mac, version
22, IBM/SPSS, Chicago, IL, USA). Friedman's test was used
for the comparison between the BRVO eye and contralateral
eye. A two-tailed P-value of <0.05 was considered to be
statistically significant.

RESULTS

The control group included 91 healthy participants (37 men) with
a mean age of 37.5+14.0y (range: 17 to 64y) (Table 1). The
mean intraocular pressure was 14.5+3.5 mm Hg (range: 7.0 to
22.0 mm Hg) and mean refractive error (spherical equivalent)
was -1.0+2.3 diopters (range: -7.8 to 2.5 diopters). The mean
arterial oxygen saturation was significantly (P<0.001) higher
in the superior nasal quadrant (98.5%+10.1%; range: 77.2%-
126.8%) than in the inferior nasal quadrant (94.2%=+9.0%;
range: 72.9%-118.5%), followed by the superior temporal
quadrant (89.1%+10.1%; range: 41.4%-119.6%) and finally
the inferior temporal quadrant (86.4%+9.4%; range: 67.2%-
119.7%) (Table 1). In a similar manner, the mean venous
oxygen saturation was significantly (£<0.001) the highest
in the superior nasal quadrant (57.3%+8.7%; range: 17.2%-
71.8%), followed by the inferior nasal quadrant (54.1%+9.6%;
range: 22.0%-76.1%), the superior temporal quadrant
(51.9%+8.9%; range: 32.0%-88.3%), and finally the inferior
temporal quadrant (46.6%+9.6%; range: 18.3%-69.2%) (Table 1).
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Table 1 Characteristics in the healthy individuals of the control

Table 2 Characteristics and measurements in the patients with a

group Xxs  unilateral BRVO X*s
Parameters Patients (n=91) Parameters Patients (n=22)
Age (a) 37.5+14.0 Age (a) 55.1+8.8
Women/Men 54/37 (59.3%/40.7%) Women/Men 13/9 (59%/41%)
Intraocular pressure (mm Hg) 14.543.5 Intraocular pressure (mm Hg) 16.2+3.7
Systolic pressure (mm Hg) 116.3+13.4 Systolic pressure (mm Hg) 130£15.7
Diastolic pressure (mm Hg) 76.6+£10.3 Diastolic pressure (mm Hg) 80+9.3
Refractive error (diopters) -1.0£2.3 Refractive error (diopters) 0.16£2.9
Retinal arterial oxygen saturation (%) Retinal arterial oxygen saturation (%)

Superior nasal quadrant 98.5+10.1 Superior nasal quadrant 99.6+9.0
Inferior nasal quadrant 94.249.0 Inferior nasal quadrant 97.5+8.3
Inferior temporal quadrant 86.4+9.4 Inferior temporal quadrant 93.1£9.6
Superior temporal quadrant 89.1+10.1 Superior temporal quadrant 103.5+13.3
Retinal venous oxygen saturation (%) Retinal venous oxygen saturation (%)
Superior nasal quadrant 57.3+8.7 Superior nasal quadrant 57.9+12.3
Inferior nasal quadrant 54.1+9.6 Inferior nasal quadrant 55.248.5
Inferior temporal quadrant 46.6+9.6 Inferior temporal quadrant 46.3£13.1
Superior temporal quadrant 51.9+8.9 Superior temporal quadrant 48.9+13.3

Table 3 Retinal oxymetric measurements in the retinal vessels affected by a BRVO as compared with the unaffected vessels in the

same eye and the vessels in the fellow eyes without BRVO

%

Ischemic BRVO (n=13 patients)

Non-ischemic BRVO (n=9 patients)

Groups Affected Unaffected Unaffected vessels, Affected Unaffected Unaffected vessels, P
vessels vessels, same eye fellow eye vessels vessels, same eye fellow eye

Sa0,-A  107.5£9.7 99.2+12.2 93.1+6.9 0.005 103.0+15.3 95.9+7.8 92.549.1 0.42

Sa0,-V  46.4+14.2 55.5+£7.9 55.7+6.8 0.02 39.8+12.2 50.8+10.5 58.2+5.7 0.03

The study group included 22 patients with unilateral BRVO
(9 men) and with a mean age of 55.1+£8.8y (range: 41 to 77y)
(Table 2). An ischemic BRVO was present in 13 patients
(age: 53.2+6.8y) and a non-ischemic BRVO was detected in 9
patients (age: 57.7+11.0y).

Comparing the retinal oxygen saturation measurements in
the patients with an ischemic BRVO revealed significantly
higher arterial oxymetric values for the affected artery
(107.5%=9.7%) as compared to the unaffected artery in
the same eye (99.2%+12.2%) and as compared to artery
in the unaffected fellow eye (93.1%+6.9%) (P=0.005). It
showed significantly lower values for the affected veins
(46.4%+14.2%) as compared to the unaffected veins in the
same eye (55.5%+7.9%) and as compared to the vein in the
unaffected fellow eye (55.7%+6.8%) (P=0.02) (Table 3). In
the non-ischemic BRVO group, the mean venous oxygen
saturation was significantly lower in the affected vessels
(39.8%=12.2%) than in the unaffected vessels of the same eye
(50.8%+10.5%) and the fellow eye (58.2%+5.7%) (P=0.03)
(Table 3). The mean arterial oxygen saturation did not differ
significantly (P=0.42) between all three groups.
DISCUSSION

The examinations showed for the healthy individuals of
the control group that mean arterial and venous oxygen
saturation were significantly (P<0.001) higher in the superior
nasal quadrant than in the inferior nasal quadrant, followed

by the superior temporal quadrant and the inferior temporal
quadrant. In patients with ischemic BRVO, arterial oxymetric
values were significantly higher and venous measurements
were significantly lower for the affected vessel than for the
unaffected vessels in the same eye and as compared to the
vessels in the unaffected fellow eye. In the patients with non-
ischemic BRVO, mean venous oxygen saturation was lower in
the affected vein than in the unaffected vessels of the same eye
and in the fellow eye.

The increased arterial oxygen saturation in the ischemic BRVO
group in our study agreed with findings obtained in previous
investigations"'”. In the majority of patients, BRVO may be
due to several mechanisms: compression of the vein at the
arteriovenous (A/V) crossing, degenerative changes of the
vessel wall, and abnormal hematological factors*®. Increased
blood flow in the artery may result in venous endothelial
injury by increase of hemodynamic stress at the arteriovenous
crossing. Sclerosis of the retinal artery associated with systemic
disorders may cause a compression of the vein, what may
increase the endothelin-1 concentration and stimulate venous
vasoconstriction''”. Thus, the increased arterial oxymetric
measurement in eyes with ischemic BRVO could be explained
by several reasons. First, the perfusion in the occluded
venules were decreased, which resulted in the reduction of
oxygen consumption in the area, so that the oxygen saturation
remained relatively high in the artery. Second, the association
between BRVO and hyperviscosity of the blood caused by
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a high hematocrit have been reported in some studies"”"".

Local blood viscosity increases parallel to an increase in the
hematocrit under conditions of low blood flow and increased
erythrocyte aggregation"”. Locally increased blood viscosity
and increased hematocrit may agree with an increased arterial
oxymetric value.

The venous oxymetric values in the patients with an
ischemic BRVO were lower in the occluded vessels than in
the unaffected vessels and in the corresponding veins in the
fellow eye. It may be explained by the compression of veins
at arterio-venous crossing sites and potentially by a venous
endothelial injury. Due to the decreased blood flow and
velocity, the tissue in the capillary bed may extract oxygen
more than normally out of the capillaries so that the oxygen
saturation in the draining veins was reduced. The same may
hold true for the patients with a non-ischemic BRVO, while in
the same patients, the oxygen saturation did not differ for the
arterial vessels.

Potential limitations of our study should be mentioned. First,
the number of study participants was relatively small. Despite
the small sample size, however, the differences between the
subgroups were statistically significant so that this weakness
of the study may only serve to strengthen the results and
conclusions drawn. Second, the oximetry analysis of the
oxygen saturation relied on reflected light, the fundus pigment,
the diameter of the retinal vessels and on lens opacities, which
might have influenced the measurements'*"**".

In conclusion, the arterial and venous oxygen saturation in
the healthy eyes was significantly higher in the superior nasal
quadrant than in the inferior nasal quadrant, followed by the
superior temporal quadrant and the inferior temporal quadrant.
In patients with BRVO, the venous oxygen saturation in the
affected vessels was decreased potentially due to decreased
blood velocity and flow. Interestingly, the arterial oxygen
saturation in eyes with ischemic BRVO was increased in the
affected arteries.
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