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CURRENT USE OF AUTOMATIC RETINAL 
OXIMETRY – A REVIEW

SUMMARY
Purpose: To inform about possible use of the automatic retinal oximetry for the retinal oxygen saturation measurement in the eye and systemic 
diseases.
Methods: We performed a literature review dealing with issues of retinal oxygen saturation monitoring by dual non-invasive retinal oximetry Oxymap 
T1 (Oxymap ehf. Reykjavík, Iceland).
Results: We have found two main strains writing our paper on retinal oxygen saturation eye diseases. The first section concerns diseases created  
by having hypoxia as its main pathological factor  - for example diabetes mellitus and retinal vein occlusion. The second group deals with atrophy as 
the main pathological mechanism which is typical for decreasing retinal oxygen consumption – for example glaucoma or retinitis pigmentosa (the 
second one named is not included in our work). Oximetry in systemic diseases creates a relatively new chapter of this branch with a very big potential 
of interdisciplinary cooperation for the future. It is possible the cooperation will not only include diabetologists but also neurologists (for example, in 
diseases like sclerosis multiplex or Devic‘s, Alzheimer‘s and Parkinson‘s disease) and haematologists (retinal oxygen saturation changes in patients with 
different rheological attributes of blood).
Conclusion: Retinal oxygen saturation measuring by automatic retinal oximetry is a  relatively new method with scientifically confirmed high 
reproducibility of results. Currently it is the only experimental method with vast potentials not only in the realm of the possibility of observing eye 
diseases (diabetic retinopathy, retinal vein occlusion or glaucoma) but also in developing interdisciplinary cooperation with diabetologists, neurologists 
and haematologists. 
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INTRODUCTION

The aim of the study is to familiarise readers with the 
possible use of automatic retinal oximetry for the measu-
rement of retinal oxygen saturation in ocular and general 
pathologies. Automatic retinal oximetry is a relatively new 
method, with scientifically confirmed high reproducibility 
of results. To date only one instrument is available in the 
Czech Republic, at the Department of Ophthalmology of 
Olomouc University Hospital.

The largest studies dealing with the monitoring of retinal 
oxygen parameters in ocular pathologies focus on diabe-
tic retinopathy or retinal vein occlusion, less widely re-
presented are glaucoma or retinitis pigmentosa (the last of 
these is not included in our analysis). Oximetry in general 
pathologies forms a relatively new chapter in this branch, 
with large potential for interdisciplinary co-operation in fu-
ture. Already commenced co-operation with diabetologists 
could be supplemented also by co-operation with neuro-
logists focusing on understanding the pathophysiology of 
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diseases such as multiple sclerosis, Devic’s, Alzheimer’s or 
Parkinson’s diseases. Last but not least, we would also like 
to mention incipient co-operation with haematologists, fo-
cusing on changes of retinal oxygen saturation in patients 
with altered blood rheological properties.

Methods of measuring oxygen saturation in the 
retina and in the vitreous body – history

For many years, measurement of the level of oxygen in 
the retina and vitreous body was limited as a result of the 
need for invasive methods of measurement [6,59]. Invasi-
ve measurement, the greatest limitation of which was the 
necessity to penetrate the surface of the eye, was first used 
in the 1980s. Polarographic electrodes sensitive to oxygen 
and probes which contained colouring sensitive to oxygen 
were used. These invasive probes were inserted into the vi-
treous cavity in order to measure partial oxygen pressure, 
for example above the retina or above the optic nerve (most 
often during an intraocular operation). It is assumed that 
the pre-retinal value of partial oxygen pressure has a simi-
lar value as its partial pressure in the inner retina [2,47].

Non-invasive blood oximetry was first performed in Ge-
rmany in 1930, and the first ear oximeter was produced in 
1936 [44]. Hickam et al. [28] were the first to attempt to use 
a similar principle on eyes. They used special filters in or-
der to obtain images of the ocular fundus with two different 
wavelengths of light. Through subsequent densitometric 
measurement of the photographic films they estimated the 
light intensities, which were then used to calculate retinal 
oxygen saturation of the blood vessel in a certain section. In 
these pioneering studies they also succeeded in demonstra-
ting changes in retinal oxygen saturation depending on the 
concentration of oxygen in inhaled air [28].

A great advance in research in the field of oximetry using 
two wavelengths came at the end of the 20th century, when 
Beach et al. [7] and Tiedeman et al. [52] used two wavelen-
gths for the calculation of oximetry, similarly as performed 
many decades previously by Hickam et al [28]. The main 
improvement was achieved thanks to the use of digital 
camera technology, which had not previously been used in 
oximetry. 

Beach et al. [7] also attempted to develop the principles 
that led to a correction of the influence of the diameter of 
the blood vessel and different pigmentation of the ocular 
fundus. The image from the retinal camera was divided so 
that two images of the same area of the retina were obtained 
at the same time. One image had a wavelength sensitive to 
oxygen saturation and the second image was non-sensitive 
to oxygen saturation. Both of these images were obtained at 
the same time by a single flash on the same camera sensor, 
thereby eliminating the problem of eye movement. These 
studies laid the foundation for the development of instru-
ments for non-invasive measurement of oxygen saturation 
in retinal blood vessels [7].

Methods of measuring retinal oxygen saturation – 
present situation

From the above it is evident that with the arrival of the 

non-invasive automatic retinal oximeter, a watershed was 
reached in research into retinal oxygen parameters. The 
dual non-invasive retinal oximeter Oxymap T1 (Oxymap 
ehf., Reykjavik, Iceland) is composed of two digital came-
ras, a special optical adapter, an image divider and two na-
rrow band filters. The entire device is attached to a standard 
retinal camera (TRC-50 DX, Topcon corp., Tokyo, Japan), 
which is used to obtain two images of the retina with dif-
ferent wavelengths in a single moment (Fig. 1) [23,24,25]. 
Light absorbance of the blood vessels is influenced by the 
absorbance (colour) of the blood in the vessel, which is de-
termined by the presence of oxygenated or non-oxygenated 
haemoglobin A. Light absorbance of oxygenated and non-
-oxygenated haemoglobin A differs in several wavelengths, 
but in some it is the same. These wavelengths are referred 
to as isosbestic, and one of these is the wavelength of 570 
nm. Among others, the wavelength of 600 nm (Graph 1) is 
non-isosbestic. In comparison with the fluctuating colour 

Fig. 1. Retinal oximeter Oxymap T1 (black instrument 
above) placed on Topcon retinal camera 
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of the blood vessels, the colour of the retinal fundus is re-
latively constant, and is not excessively influenced by oxy-
gen saturation. In this manner it is possible to describe the 
optical density of the blood vessel. The optical density of 
the blood vessel is heavily influenced by oxygen saturation 
upon the production of an image by light with a wavelength 
of 600 nm (the arteries are markedly darker than the veins, 
Fig. 2), but not at the referential wavelength of 570 nm (ar-
teries and veins have a virtually identical appearance, Fig. 
3). The ratio of optical densities at wavelengths of 600 nm 
and 570 nm gives the “optical density ratio”, which is in-
versely and approximately linearly dependent on oxygen 
saturation [23,24,25].

The results obtained by measurement on healthy patients 
were used for calibration of the Oxymap T1 instrument. 
These values were compared with measurements on an al-
ready calibrated instrument [43]. Special software (Oxy-
map analyser software 2.2.1, version 3847; Oxymap ehf.) 
measures the luminosity of selected points on the obtained 
images at the aforementioned wavelengths. The measure-
ment points are placed by the software onto large blood 
vessels and the retinal fundus along the blood vessels, and 
the software allocates an oxygen saturation value to each 
point on the blood vessel, expressed with the aid of a colour 
scale (Fig. 4).    

Graph 1. Light absorbance of various forms of haemoglobin 

Fig. 2. Photograph of ocular fundus at wavelength of 600 nm (same area as on Fig. 
3 and 4).
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Retinal oximetry in ocular pathologies
The largest studies focusing on monitoring oxygen pa-

rameters on the retina in ocular pathologies, in which it is 
possible to demonstrate a large reproducibility of results, 
can be divided into two main categories. The first group 
comprises pathologies in which hypoxia (ischemia) is the 
main pathophysiological factor. The main representatives 
of this group are diabetic retinopathy and retinal vein 
occlusion. In the second group of pathologies the main 
pathophysiological mechanism is atrophy, which leads to 
a reduction of retinal oxygen consumption. Examples of di-
seases in this group are glaucoma and retinitis pigmentosa 

(studies examining retinitis pigmentosa are not included 
in this analysis).

Diabetic retinopathy
Diabetic retinopathy (DR) is a typical late microvascu-

lar complication of diabetes, which progressively develops 
with varying degrees of severity in the majority of patients 
with diabetes [19,58]. It is characterised by damage to the 
retinal capillaries, thickening of the basal membranes, ob-
literation or distension of capillaries with the formation of 
microaneurysms, and subsequent poor blood distribution in 
the retina [11,33,34,41]. The final result is areas of hypoxia 
and ischemia, which lead to the development of prolife-

Fig. 3. Photograph of ocular fundus at wavelength of 570 nm (same area as on Fig. 
2 and 4).

Fig. 4. Oxygen saturation of retinal blood vessels. The colour scale on the right 
illustrates relative oxygen saturation (same area as on Fig. 2 and 3).
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rative diabetic retinopathy (PDR), or the development of 
diabetic macular edema (DME) [33].

The precise biochemical processes in connection with 
increased glycaemia are complex and as yet not entirely 
known. In this area the development of automatic retinal 
oximetry has provided an ideal research tool. To date 6 
cross-sectional studies have been published, describing the 
dependency of changes of oxygen saturation in retinal blo-
od vessels upon a background of DR [22,25,30,31,32,49].

In all 6 studies higher venous oxygen saturation (vSatO2) 
was described in patients with proliferative DR in compari-
son with a control group, and at the same time in 5 studies 
higher arterial oxygen saturation (aSatO2) was described. 
The changes of oxygen saturation in diabetics were con-
tributed to by a minimum of three known mechanisms: 1. 
capillary non-perfusion and shunting of certain areas of the 
retina, 2. thickening of the capillary walls and 3. higher 
affinity of haemoglobin for oxygen in diabetics.

It has been demonstrated that in diabetic patients an occ-
lusion of certain capillaries takes place, while others are di-
lated. In patients with diabetic retinopathy we demonstrate 
non-perfusion and dilation of retinal capillaries and arteri-
oles in different areas of the retina by means of fluorescen-
ce angiography. The result of these changes is that a large 
amount of blood flows through the dilated capillaries at a 
high speed from the arteries to the veins, without a suffici-
ent quantity of oxygen reaching the target tissue (retina). 
This mechanism leads to an increase of saturation in the 
venous blood [11,34].

A further mechanism which could contribute to changes 
in the resulting oxygen saturation of the retinal blood ve-
ssels is thickening of the capillary walls in diabetics, which 
has been unequivocally demonstrated [5,41]. This thicke-
ning is responsible for impairing the diffusion of oxygen 
from the blood into the retinal tissue, and thereby contri-
butes to a greater quantity of oxygen in the venous blood. 

A third mechanism which may contribute to an overall 
increase of saturation in the retinal blood vessels is an in-
crease of the affinity of haemoglobin for oxygen together 
with an increase of haematocrit in patients with diabetes 
[18,36]. The higher affinity of haemoglobin for oxygen and 
the larger number of red blood cells could explain the hi-
gher values of saturation in the arterial and venous channel.

The precise determination of the proportion of the indi-
vidual mechanisms on resulting retinal saturation is thus 
far unclear. At the same time, it is probable that further, as 
yet unknown factors exist, which contribute to changes in 
oxygen saturation in the retinal channel. In future it shall 
be necessary to conduct further studies in order to gain a 
deeper understanding of all the mechanisms.

The great majority of studies published to date are cross-
-sectional studies. This represents a significant disadvan-
tage, because even though a pronounced correlation was 
found in all the cases published to date between the degree 
of affliction and the values of retinal saturation (mostly an 
increase of saturation of venous blood), it is not possible 

to use these values for clinical decision-making due to the 
low specificity of this value (certain saturation values are 
common for all stages of DR). Up to now a morphologi-
cal approach evaluating changes on the retina of individual 
patients has been used for indication of commencement of 
therapy (laser, pars plana vitrectomy, anti-VEGF therapy). 
It is therefore possible to discuss the future possibility of 
more precise individual monitoring of patients over time, 
in which fluctuating values of oxygen saturation will be 
a sensitive indicator for the commencement of therapy. It 
ensues from all the studies dealing with oxygen saturation 
published to date that this value represents a more sensiti-
ve indicator, and could become one of the criteria for the 
commencement of timely therapy. If therapy has already 
been commenced (e.g. laser or anti-VEGF), a further large 
possibility opens up for the use of retinal oximetry for the 
measurement of the effectiveness of this therapy, as well as 
the titration of a quantity of applied laser points. To date 
no objective method of measurement exists which could 
evaluate the effectiveness of laser therapy and reduce the 
possibility of this irreversible process on the retina. We are 
still at the beginning of the path toward the effective use 
of retinal oximetry in diabetic patients, and studies with a 
longer observation period represent a very important step, 
which could confirm these assumptions and aid the introdu-
ction of this approach into clinical practice.

Retinal vein occlusion
Venous occlusion is a significant cause of loss of sight 

among the older population worldwide. Among retinal 
vascular pathologies it is the second most common cause 
of loss of sight – immediately behind diabetic retinopathy 
[13]. We can divide venous occlusion into two main types. 
Branch Retinal Vein Occlusion (BRVO), which occurs 
upon occlusion of the peripheral part of the venous vas-
cular channel and is usually caused by compression of the 
venous branch by a sclerotic retinal arteriole in the place of 
arteriovenous crossing. The second type is Central Retinal 
Vein Occlusion (CRVO), which occurs upon occlusion of 
the central retinal vein in the region of the lamina cribrosa. 
In both cases, a halting and turbulence of blood flow occurs 
at critical points, thereby creating the conditions for the for-
mation of a thrombus.

A thrombus causes a further significant retardation of the 
blood flow, either throughout the entire retina (CRVO) or 
only in occluded areas, depending on the scope of the af-
fliction (BRVO). In the case of central occlusion (CRVO), 
however, in most cases a complete halting of blood flow 
does not take place, even in the case of complete blockage 
by a thrombus [27]. This flow is enabled by the presence 
of tributaries of the central retinal vein localised anterior-
ly from the point of occlusion (most often in the region 
of the lamina cribrosa), which supplement the collate-
ral circulation [51]. Retardation of the blood flow upon a 
background of central retinal vein occlusion reduces the 
supply of oxygen to the area of the inner retina and leads to 
hypoxia [59,60]. Studies have demonstrated a reduction of 
the speed of the through-flow of blood in the retinal veins 
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with the aid of Doppler flowmetry [53,54], a reduction of 
the speed of blood flow in the capillaries with the aid of a 
Heidelberg retinal flowmeter [4], and an extension of the 
time of arteriovenous passage upon fluorescence and in-
docyanine angiography [3,38,39]. The reduction of blood 
through-flow leads to hypoxia [23,59,60], and subsequent-
ly to an increase in the production of VEGF [37,40]. The 
result is vasodilation and hyperfusion, which potentiates 
the vicious circle, worsening haemorrhage and edema. In 
addition to this, exudation into the retinal extracellular spa-
ces, which have a limited capacity, may lead to an increase 
in interstitial flow and a further reduction of the through-
-flow of blood. In future the successful use of automatic 
retinal oximetry is envisaged in clinical practice for retinal 
vein occlusion.

The results of measurement of patients with CRVO are 
very promising. Although only isolated studies have been 
conducted to date, CRVO is considered the diagnosis with 
the greatest potential for the use of automatic retinal oxi-
metry. So far 5 pilot cross-sectional studies have been pu-
blished focusing on automatic retinal oximetry in retinal 
vein occlusions. In three cases the subject of the study was 
CRVO, and in two BRVO.

The results of retinal oximetry in patients with CRVO 
appear to be more consistent than in patients with diabe-
tes. All three studies demonstrated a reduction in vSatO2 in 
eyes with CRVO [16,23,55]. By contrast, aSatO2 was not 
changed in any of these studies upon a comparison of the 
afflicted eyes with healthy controls. A reduction of vSatO2 
is a reflection of the amount of oxygen which remains in the 
venous system following flow through the retinal micro-
-circulation. Based on speculations by Eliasdottir et al., it is 
possible to assume that a decrease of saturation is the result 
of a reduction of through-flow of blood or an increase of 
oxygen extraction. Occlusion has an influence on the throu-
gh-flow of blood in blood vessels, and thereby reduces the 
supply of oxygen to the tissues. Hypoxic tissues extract 
more oxygen from the reduced quantity of blood flowing 
through the blood vessel, and thereby cause a decrease of 
the oxygen level in the retinal veins [16]. Campochiaro et 
al. determined that the application of ranibizumab reduces 
the progression of capillary non-perfusion of the retina in 
CRVO. With the reduction of capillary non-perfusion, the 
through-flow of blood in the retina is increased, leading to 
an increase of vSatO2 [9]. This finding is in accordance 
with the finding of Traustason et al., who confirmed an in-
crease of vSatO2 in patients with CRVO following therapy 
with anti-VEGF preparations [55].

In patients with BRVO the situation is somewhat diffe-
rent. In both studies the results were markedly heteroge-
neous and inconsistent [24,35], which is however linked to 
the greater variability of the severity and various symptoms 
with regard to the scope of occlusion. The heterogeneity of 
the results is also contributed to by the practical impossibi-
lity of standardising the analysis of the results. A significa-
nt contribution to this issue has been brought by the latest 
study by Šínová et al., in which a correlation was observed 
between the results of oxygen saturation and the ischemic 

index of retinal occlusion [50]. The ischemic index (ISI) of 
venous occlusion is a relatively new concept, which is the 
product of the introduction of wide-angle imaging systems 
into clinical practice, and was first mentioned in the study 
by Tsui et al [57]. Wide-angle systems enable imaging of 
the retina within a range of as much as 200°, in comparis-
on with the standard imaging within the range of 35°-50°. 
Thanks to this imaging of the remote periphery, we can de-
termine the precise ratio of the perfused and non-perfused 
retina. This ratio, which takes on values of 0-1, is referred 
to as the ischemic index. The results of the study by Šíno-
vá et al. are fully in accordance with the previous studies, 
vSatO2 is significantly lower in cases of CRVO and BRVO. 
In addition, a statistically significant negative correlation 
has been observed between ISI and venous saturation in 
the group of CRVO. A significant positive correlation was 
determined between ISI and the arteriovenous difference 
(A-V difference) in the group of CRVO. ISI represents a 
quantitative parameter, expressing the degree of ischemia 
(severity) of retinal vein occlusion (RVO) [50]. Upon an 
increase in ISI, there is an increase in the risk of macular 
edema and neovascularisation [46,57]. The use of automa-
tic retinal oximetry also represents a quantitative evaluati-
on of RVO. The results indicate that the severity of CRVO 
may be expressed either by ISI or by the results of retinal 
oximetry. Also in accordance with the above are the results 
of diabetic patients, in whom a relationship was also found 
between the values of ISI and the values of oxygen satura-
tion in the retina [21].

Thanks to the results published so far, determining a co-
rrelation between ISI parameters and the values of retinal 
oxygen saturation, it is possible to expect that the general 
ischemic condition of the retina could be observed with the 
aid of retinal oximetry. On the other hand, this does not 
apply in the case of BRVO, in which there was no such 
similar correlation in accordance with the other studies. 

GLAUCOMA

Glaucoma is an ocular pathology, considered to be an op-
tic neuropathy combined with apoptosis of the retinal gan-
glion cells and loss of the visual field [17]. The main risk 
factor of the onset and progression of glaucoma is increased 
intraocular pressure, but even upon a reduction of pressure 
the pathology may progress [8]. There is an ever increasing 
amount of evidence that the through-flow of blood in eyes 
with glaucoma is reduced, or that the regulation of blood 
through-flow is impaired in comparison with eyes without 
glaucoma [20]. However, it is not clear as to whether these 
changes are primary or secondary, thus whether they are 
the cause or the effect of glaucomatous atrophy of the reti-
nal ganglion cells and the optic nerve. 

In all the studies published to date, oxygen saturation in 
the retinal arteries was relatively stable and was not influen-
ced by the degree of severity of glaucoma. However, oxy-
gen saturation in retinal veins increased in all the studies 
upon a background of progression of glaucoma. This incre-
ase in saturation corresponds both with functional change 

proLékaře.cz | 2.4.2026



CZECH AND SLOVAK OPHTHALMOLOGY 1/2020 9

(size of defect in visual field) and with morphological pa-
rameters (thickness of retinal nerve fibre layer – RNFL – 
and surface of the neuroretinal rim). The A-V difference is 
logically in a mirrored dependency with regard to both of 
the aforementioned parameters as the value of venous sa-
turation. A lower A-V difference, together with a reduction 
of ocular through-flow of blood in the case of glaucoma, as 
can be seen in previous studies, indicates a lower consump-
tion of oxygen in the retina in dependency upon a reduction 
of the quantity and function of the nerve cells in the retina 
[1,26,42]. In the case of glaucoma, evaluation of the cause 
and effect of this phenomenon is highly complex, and it can 
be stated that on the basis of our current knowledge it is 
impossible to provide an answer to this question. From this 
perspective, interesting data has been presented by the re-
cent Leuven Eye Study, which demonstrated a difference in 
the values of oxygen saturation in patients with open-angle 
glaucoma and normotensive glaucoma [1]. This data indi-
cates that intraocular pressure need not be the sole factor in 
the pathogenesis of glaucoma, and as was already previou-
sly assumed, at least in the case of normotensive glaucoma 
the proportion of the vascular component is more signifi-
cant. A very significant obstacle to answering the questi-
on of the issue of vascular changes in the pathogenesis of 
glaucoma with the aid of using automatic retinal oximetry 
is presented by the absence of a longer observation time of 
measurement, with regard to the fact that vascular changes 
may occur intermittently, similarly to changes of intrao-
cular pressure, which may increase during the night [10]. 
The resulting values of oxygen saturation could also have 
been altered by the influence of anti-glaucomatous agents, 
as was described in the study conducted by S. Traustason 
et al. [56]. All these types of disadvantages emphasise the 
influence of an increase of venous oxygen saturation (and a 
mirrored view of the A-V difference) as a secondary effect 
of cell atrophy, although the reality (at least in the case of 
normotensive glaucomas) may be different.

In the case of glaucoma, the question of cause and effect, 
as has been outlined in the previous text about vascular 
changes, represents the chief scientific problem at present, 
which it will be necessary to resolve in the forthcoming 
period. From a clinical perspective, automatic retinal oxi-
metry could become an appropriate supplement to current 
morphological imaging methods (OCT – optical coherence 
tomography and HRT – Heidelberg retinal tomography) in 
the diagnosis and monitoring of the effectiveness of glau-
coma treatment.

Retinal oximetry and changes of oxygen saturation 
in general pathologies

Oximetry in general pathologies represents a relatively 
new chapter in this branch, with large potential for future 
interdisciplinary co-operation. Routine co-operation with 
diabetologists is now being followed by co-operation with 
neurologists, focusing on understanding the pathophysio-
logy for example of pathologies of the type of multiple sc-
lerosis and Devic’s, Alzheimer’s and Parkinson’s diseases. 
Last but not least, we would also like to mention the incipi-

ent co-operation with haematologists, focusing on changes 
in oxygen saturation in patients with altered blood rheolo-
gical properties.

Automatic retinal oximetry and neurological 
diseases

The retina, formed as an exagination of the neuroecto-
derm, is an ideal structure for assessing the condition of 
nerve structures, because there is an absence of myelin 
here, and the ganglion cells are directly accessible for ob-
servation [29]. Studies with optical coherence tomography 
have demonstrated a weakening of the nerve fibre layer 
and other structural anomalies in the retina in the case of 
brain disorders such as Alzheimer’s disease (AD), multiple 
sclerosis (MS) and Parkinson’s disease [12]. Retinal oxi-
metry offers an opportunity to supplement morphological 
imaging, on the assumption that metabolic changes of brain 
disorders may be manifested on the retina. The actual po-
tential of this examination in this area shall be demonstra-
ted in the forthcoming years.

Einarsdottir et al. were the first to demonstrate metabolic 
changes in the retina upon a background of brain disorders, 
in which they observed oximetric abnormalities in the reti-
na of patients with mild to medium-severe dementia upon 
a background of AD in comparison with a healthy cohort. 
The values of retinal oxygen saturation in the arterioles and 
venules in patients with medium-severe AD were signifi-
cantly higher in comparison with healthy individuals [14]. 

Einarsdottir et al. also conducted a pilot measurement of 
eight patients with MS and a previous medical history of 
neuritis of the optic nerve. Venous oxygen saturation was 
significantly increased in patients with MS in comparison 
with healthy individuals. The arteriovenous difference in 
patients with MS was lower than in healthy individuals. No 
difference in oxygen saturation in arterioles was recorded 
between patients with MS and healthy individuals [15].

In both of the aforementioned studies, which focused on 
the chronic stage of the pathology, there was an increase of 
vSatO2, which corresponds with the degree of atrophy, and 
thereby with reduced oxygen consumption. We can observe 
a similar pattern in atrophic pathologies of the retina, such 
as retinitis pigmentosa or glaucoma [1,61].

Interesting data in connection with the above was pro-
duced by a recent study conducted by our team in this 
area, which focused on the acute stage of neuritis of the 
optic nerve upon a background of MS. The arteriovenous 
difference was increased in the affected eye of patients in 
comparison with the other, unaffected eye. This study de-
monstrates that changes in the optic nerve lead to an incre-
ase of oxygen consumption on the retina. The presumed 
explanation of this phenomenon is that the RNFL is com-
posed of axons of ganglion cells that may be influenced 
by axonal inflammation, which may then lead to increased 
oxygen consumption upon higher metabolic requirements 
of the ganglion cells affected by immune processes [48]. 
This mechanism has been described in experimental neuri-
tis of the optic nerve in mice [45].

proLékaře.cz | 2.4.2026



CZECH AND SLOVAK OPHTHALMOLOGY 1/202010

Haematological diseases
In addition to neurologists and diabetologists, the results 

of retinal oximetry may also be of interest to haematologis-
ts. In connection with the composition of blood and changes 
of blood rheological properties, up to this day one prospec-
tive study originating from Denmark has been published, 
focusing among other factors on the oxygen parameters on 
the retina measured by retinal oximetry in a small samp-
le of patients with myeloproliferative neoplasms (chronic 
myeloid leukaemia, polycythemia vera, essential thrombo-
cythemia). In this study, Willerslev et al. describe changes 
following cytoreduction therapy in the sense of an increase 
of arterial saturation [61].

We see the sense of co-operation with haematologists 
above all in the potential evaluation of retinal changes as 
an image of the state of the entire blood micro-circulation, 
thus as a prediction of circulation complications in patients 

with altered blood rheology. However, more extensive stu-
dies are required for a relevant evaluation.

CONCLUSION

Measurement of oxygen saturation with the aid of automatic 
retinal oximetry is a relatively new method, with scientifically 
confirmed high reproducibility of results. At present it repre-
sents an experimental method, but we regard it as having large 
future potential, not only in the possibility of observing ocular 
pathologies, but especially in the observation of retinal oxy-
gen parameters in connection with general pathologies. The 
developing interdisciplinary co-operation with diabetologists, 
neurologists and haematologists attests to the broad field of 
research possibilities. It is not yet possible at present to answer 
with certainty the question as to whether this method will be 
usable also for clinical practice.
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