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Abstract 56 

Objective: 57 

To evaluate retinal oxygen metabolism by retinal oximetry for ocular and central nervous 58 

system diseases in a cross-sectional study of sarcoidosis. 59 

 60 

Methods: 61 

Overall 201 eyes from 103 biopsy-verified sarcoidosis patients were included and divided into 62 

four groups depending on the organ affection: 1) sarcoidosis without ocular or central nervous system 63 

affection, 2) ocular sarcoidosis, 3) central nervous system sarcoidosis, and 4) combined ocular and central 64 

nervous system sarcoidosis. Retinal oximetry was obtained and analyzed, with the mean retinal arteriolar and 65 

venular saturation as well as arteriovenous difference as principal outcomes. Comparison between groups 66 

were done in a multi linear regression model adjusted for age, sex, duration of sarcoidosis, best corrected 67 

visual acuity, and retinal oximetry quality.   68 

 69 

Results: 70 

Mean age (with standard deviations) was 50.5 (13.4) (95%-confidence interval 47.9-53.1), and 71 

52.2% were males. Eyes of the combined Ocular/central nervous system group had a higher retinal 72 

arteriovenous difference than Non-ocular/central nervous system eyes (42.1% vs. 37.7%, p=0.012) but did 73 

not differ between other groups. Eyes in the four groups (Non-ocular/no-central nervous system vs. Ocular 74 

vs. central nervous system vs. Ocular/central nervous system) did not differ according to retinal arterial 75 

(94.5% vs. 93.5% vs. 93.5% vs. 94.5%) or venular (57.5% vs. 56.4% vs. 55.0% vs. 52.5%) oxygen 76 

saturation. 77 

 78 

Conclusions: 79 

The result of this study suggests that eyes of sarcoidosis patients with combined ocular and 80 

central nervous system affection have an altered oxygen metabolism indicating a subclinical eye affection 81 

that is not recognized by conventional screening methods.  82 
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 87 

Key messages 88 

Altered oxygen saturation: a subclinical eye affection in sarcoidosis not recognized by conventional 89 

screening methods. 90 

Altered retinal oxygen metabolism may distinguish between organ manifestations of sarcoidosis.  91 

92 
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Introduction 93 

Sarcoidosis is a rare multisystem disease of uncertain etiology characterized by granulomatous 94 

inflammation1, 2. It occurs worldwide, and the incidence in Denmark is estimated to be 7 per 100,000 person-95 

years3. The lungs are the most frequently affected organs, but the overall clinical presentation is variable and 96 

non-specific, as any organ may be involved2, 4.  97 

Ocular involvement is common and has previously been demonstrated in 12-50% of patients 98 

with systemic sarcoidosis. The majority develop uveitis within the first year, most often as anterior uveitis, 99 

but posterior involvement is also frequent. It normally occurs bilaterally, has the same clinical progression in 100 

both eyes and in many patients, it eventually becomes chronic. One of the common complications, macular 101 

degeneration is the leading cause of visual impairment.  102 

The symptomatic manifestation of CNS sarcoidosis is heterogeneous, as the granulomatous 103 

inflammation may affect any anatomic site of the central nervous system. Frequent cranial neuropathies are 104 

optic neuropathy and acoustic/vestibular nerve dysfunction, with optic nerve involvement typically shown as 105 

a subacute or chronical optic neuritis6. 106 

The golden standard diagnostic tool for sarcoidosis is histologic verification of non-caseating 107 

epithelioid cell granulomas1, 2. However, the need for biopsy-verified diagnostics is a clinical challenge, 108 

especially in organs with difficult accessible tissues like the eyes and CNS, and instead more available areas 109 

for biopsy are usually used. The International Workshop of Sarcoidosis (IWOS)7 and the Neurosarcoidosis 110 

Consortium Consensus Group6 have both within resent years formed different criteria to secure correct 111 

treatment for patients with probable ocular and CNS sarcoidosis, respectively.  112 

Retinal oximetry is a non-invasive and direct measurement of the retinal oxygen metabolism 113 

based on retinal fundus imaging8. The measurement of retinal vascular saturation rests on the principle of 114 

different light absorptions between oxyhemoglobin and deoxyhemoglobin9. Over the last decade, it has 115 

increasingly been used to investigate a great variety of diseases. Some with direct involvement of retinal 116 

blood vessels as retinal artery and vein occlusion, but also diseases with metabolic and systemic foundations 117 

as diabetic retinopathy and CNS diseases like Alzheimer’s disease and multiple sclerosis8. 118 
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No prior study has investigated the retinal oxygen metabolic changes in patients with 119 

sarcoidosis. The purpose of this study was to investigate if retinal vascular oxygen saturation could reflect 120 

the systemic organ manifestation of sarcoidosis, focusing on ocular and CNS sarcoidosis.  121 

 122 

Methods 123 

Demographics: 124 

This cross-sectional study included 106 sarcoidosis patients with positive biopsies. The 125 

participants were divided into four groups according to site of disease affection: 1) sarcoidosis with no ocular 126 

or CNS affection (Non-ocular/no-CNS, n=56), 2) ocular sarcoidosis (Ocular, n=18) defined as known uveitis 127 

within the last decade in accordance with regional guidelines based on IWOS7 criteria and the 128 

Standardization of Uveitis Nomenclature (SUN)10, 3) CNS sarcoidosis (CNS, n=17) defined as probable or 129 

defined CNS sarcoidosis based on the diagnostic criteria from the Neurosarcoidosis Consortium Consensus 130 

Group6, and 4) combined ocular and CNS sarcoidosis (Ocular/CNS, n=15) defined as either ocular 131 

sarcoidosis in combination with CNS affection or cranial neuropathy or CNS sarcoidosis in combination 132 

with uveitis or vision-impairing optic neuropathy in their medical history. 133 

Participants were contacted and examined at the Department of Ophthalmology, Odense 134 

University Hospital (OUH), Odense, Denmark, between May and November 2019. All patients were 135 

clinically recruited by KEB based on International Classification of Disease (ICD)11 codes for sarcoidosis 136 

(i.e. DD86.X). The invited patients had either undergone treatment at the department of Rheumatology in the 137 

period 2008-2019 or were in current treatment at the department of Respiratory medicine or the department 138 

of Ophthalmology.  Exclusion criteria were patients below the age of 18 years and patients with medical 139 

treated diabetes mellitus. 140 

The study followed the tenets of the Declaration of Helsinki and was approved by the 141 

Regional Ethics Committee of Southern Denmark (ID: S-20180153). It was registered on the Region of 142 

Southern Denmark’s record of data processing activities (ID: 19/5546), and all participants signed an 143 

informed consent form prior to enrollment in the study.  144 
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 145 

Database: 146 

Information on organ involvement, sex, age, type of medicine and duration of illness at the 147 

time of the clinical examination was collected through medical journals. Study data were collected and 148 

managed using REDCap electronic data Capture tools (version 9.1.15) hosted by Open Patient Data 149 

Explorative Network, Odense, Denmark12, 13.  150 

 151 

Clinical examinations: 152 

Best corrected visual acuity (BCVA) was examined using the Early Treatment Diabetic 153 

Retinopathy Study (ETDRS) chart (Precision Vison, Illinois, USA) at a distance of four meters. Eye 154 

examinations with classification of potential active uveitis in accordance with the IWOS7 and SUN9 criteria 155 

were performed with slit lamp and funduscopy in mydriasis with tropicamide 10mg/mL and phenylephrine 156 

10%. Before dilatation, a gonioscopy was done to test for peripheral anterior synechiae. All eye 157 

examinations were conducted by AK and JW.  158 

 159 

Retinal oximetry: 160 

Oxymap model T1 (Oxymap, Reykjavik, Iceland) was used to obtain retinal oxygen saturation 161 

and vessel caliber measurement. The devise is based on a fundus camera attached to an image splitter with 162 

two digital cameras. It simultaneously captures retinal images at two different wavelengths, one sensitive to 163 

oxyhemoglobin, and one that is not. The Oxymap Analyzer software was used to quantify the 164 

oxyhemoglobin saturation, presenting the results as a pseudocolor fundus image, figure 1. Previously studies 165 

have shown that the oximetry devices show great reproducibility with remarkably low variability in repeated 166 

measures obtained with the same device,8, 14, 15. 167 

Fifty-degree retinal images centered at the optic disc were analyzed using the Oxymap 168 

Analyzer software. Image quality was automatically evaluated by an inbuilt scale, based on focus and image 169 

contrast, between 0 (worst quality) and 10 (best quality). An overall image quality of >6 was required. Two 170 

concentric circles were placed around the optic disc. The first with a margin on 20-30 pixels to the optic disc 171 
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edge, and the second was automatically placed with a diameter three times the first circle. The vessels 172 

between these two circles were semi-automatically traced by the software. All points where vessels were 173 

crossing was excluded by hand to the point there were no certain cross-analysis. The largest arteriole and 174 

venule of each quadrant were selected given that the length was between 50 and 200 pixels15. If the vessel 175 

branched before the length of 50 pixels, the first branch was selected instead. Mean arterial and venular 176 

saturation were calculated as the average of the four traced arterioles and venules, and the AV-difference 177 

were given by these.  178 

 179 

Statistical methods: 180 

Descriptive statistics were calculated for all parameters. Continuous data are presented as 181 

either mean with standard deviation (SD) and 95% confidence intervals (95%CI) or median with 182 

interquartile range (IQR) and categorical data were given as proportions of the groups. Univariable analyzes 183 

of all parameters was done with ANOVA or Kruskal-Wallis test depending on normal distribution, or not. To 184 

compare groups, cluster robust standard errors for linear regression models were used as most patients 185 

participated with both eyes. The association between retinal oxygen saturation and independent variables 186 

was analyzed by use of multiple linear regression analysis with the following variables included: age, sex, 187 

duration of sarcoidosis, BCVA, and oximetry image quality. Fisher’s exact test was used for comparing 188 

proportions.  189 

Statistical analyses were performed by STATA 16.0 (StataCorp LCC, College Station, TX) 190 

and p-values below 0.05 were considered statistically significant. 191 

 192 

Results 193 

Overall, 170 patients were invited to participate in the study, 106 accepted, with a response rate of 62%. The 194 

mean age of the non-responders was 46.9 years, and 53.1% were male. Three patients were excluded due to 195 

pharmacological treatment for diabetes mellitus (n=1) or insufficient image quality of retinal oximetry in 196 

both eyes (n=2) due to active bilateral uveitis and mature cataract, respectively. Of the remaining 103 197 
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patients, only nine participated with one eye due to poor retinal image quality in the fellow eye (n=7) or by 198 

the patient’s request (n=2).   199 

Among the patients with ocular involvement, only four patients had activity in their uveitis at the time of the 200 

examination. One patient, as mentioned above, was excluded due to insufficient image quality. Among the 201 

remaining three patients four eyes were included in the study. Two patients from the group of ocular 202 

sarcoidosis had an image quality of 6.5 and 8.9, respectively, and two eyes from a patient with combined 203 

ocular/CNS sarcoidosis with an image quality of 8.3 and 7.6.  204 

Table 1 summarizes baseline characteristics and outcome variables with p-values given by 205 

univariable analyzes. The mean age among the 103 patients enrolled was 50.5 (SD 13.4) years and 52.2% 206 

were male. There was a notable difference in mean age between the groups as the CNS and Ocular group 207 

were older (57.6 (11.7) and 54.9 (14.1)) compared with the Non-ocular/no-CNS and the Ocular/CNS group 208 

(48.1 (11.9) and 46.8 (15.6)), respectively. The groups of CNS and Ocular sarcoidosis did not differ when 209 

compared with each other (p=0.41), which also applies to the groups of Non-ocular/no-CNS and Ocular/CNS 210 

sarcoidosis (p=0.62). There was no statistically significant difference between groups regarding the 211 

proportion of males (p=0.074). The participants of the Non-Ocular/no-CNS group and the Ocular group were 212 

similar in the distribution of illness duration, whereas the CNS group had a higher proportion of patients with 213 

illness duration of five years or more, and the Ocular/CNS group had a higher proportion of patients with 214 

illness duration of less than two years. The intra ocular pressure did not differ between any of the groups 215 

(p=0.530). The oximetry image quality was lowest in the Ocular group, and highest the ocular/CNS group 216 

corresponding to 7.7 (95%CI: 7.2-8.1) vs. 8.2 (95%CI: 7.7-8.5). The groups did not differ in BCVA 217 

(p=0.230). 218 

Table 2 depicts the distribution of medical treatment with p-values given by univariable 219 

analyzes. There was no statistically significant difference in the proportion of patients treated with systemic 220 

corticosteroids, disease-modifying anti-rheumatic drugs (DMARD) or those in combined systemic corticoid 221 

and DMARD treatment at the time of the examination. The proportion of non-treated patients was 222 

significantly different between the groups, as the groups with Non-ocular/no-CNS and Ocular/CNS 223 
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sarcoidosis had a higher proportion of non-treated patients (32.7% and 33.3%), than the groups with Ocular 224 

and CNS sarcoidosis (6.3% and 5.9%).  225 

Figure 2 shows the AV-difference divided by groups. We found a statistically significant 226 

difference in AV-difference where the combined Ocular/CNS group was higher compared to the group of 227 

non-ocular/no-CNS (42.1% vs. 37.7%, p=0.012 (95%CI: 1.02-7.92)).  228 

The four groups (non-ocular/no-CNS, Ocular, CNS, and Ocular/CNS) did not statistically differ in retinal 229 

arterial oxygen saturation (94.5% vs. 93.5% vs. 93.5% vs. 94.5%), venular oxygen saturation (57.5%, 56.4%, 230 

55.5%, and 52.5%), retinal arterial diameter (12.6, 13.2, 13.2, and 12.5 pixel), or retinal venular diameter 231 

(16.9, 17.2, 17.1, and 16.9 pixels).   232 

The differences in age and illness duration did not have any influence on retinal arterial oxygen saturation, 233 

retinal venular oxygen saturation, AV-difference, or retinal arterial diameter.  234 

In retinal venular saturation an increase in age of one year would lead to a decrease in venular diameter of 235 

0.046 pixels (p<0.001).  236 

 237 

Discussion 238 

In this study of 201 eyes from biopsy-verified sarcoidosis patients, we found that patients with combined 239 

ocular/CNS sarcoidosis had an increased retinal oxygen AV-difference compared with patients without 240 

ocular or CNS affection.  241 

The retina is sparsely vascularized and has a relative high oxygen consumption, which is 242 

evidenced by the fact that the AV decrease in oxygen saturation about 35% is almost twice as high as that of 243 

other tissues of the body8. The AV-difference of all groups in our study is higher than that of healthy 244 

persons8, 15, increasing from the group of Non-ocular/no-CNS to the combined Ocular/CNS group. In a 245 

previous study Geirsdottir et al.15 found an association between age and increasing retinal AV-difference. 246 

This was contradicted in by the study of Man et al.16, who reported an association between age and changes 247 

in the arterial and venous oxygen saturation, but not with the AV-difference. The mean of the study 248 

population in our project was more similar to the Geirsdottir et al. population15, but even though there was a 249 

notable difference in mean age between the groups, we found no significant difference in age between the 250 
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group of Non-ocular/no-CNS and the combined Ocular/CNS group, which are the groups in which we found 251 

statistically significant changes in AV-difference. An explanation for the AV changes in the combined group 252 

could be an inflammation in retina itself, resulting in a higher oxygen demand from the tissue. This is seen in 253 

the acute phase of optic neuritis where it is believed that the nerve fiber layer of the retina is inflamed17 or in 254 

Vogt-Koyanagi-Harada disease18, where the granulomatous infiltration increases the diffusion distance to the 255 

choroid vessels, resulting in a reduced oxygen fraction being delivered from the choroidal capillaries and 256 

thus a higher fraction of oxygen being extracted from the retinal vessels.  Increased AV-difference has also 257 

been observed in central retinal vein occlusion (CRVO), where obstruction of the retinal central vein 258 

decreases the blood flow leading to a greater oxygen extraction from the veins meeting the oxygen demand 259 

of the tissue19. The increased oxygen extraction on the venous side of the microvasculature, would thereby 260 

increase the AV-difference. However, this decrease in venular saturation was not found in our study.   261 

In healthy individuals the retinal oxygen saturation is on average around 92-93% in retinal 262 

arterioles, and 55-57% in retinal venules8, 15. The retinal arterial saturation is usually lower than that seen in 263 

larger peripheral arteries and by finger oximetry. One theory of this is that there is a countercurrent oxygen 264 

exchange between the central retinal artery and the central retinal vein as they pass each other within the 265 

optic nerve20. The measured retinal oxygen saturation in our study was very similar to that of healthy 266 

individuals with arterial saturations varying from 93.5% to 94.5% and venular saturations from 52.5% to 267 

57.5%.  Although the saturations appear normal compared with previous studies, we still see an increased 268 

AV-difference in the combined Ocular/CNS group compared with the Non-ocular/no-CNS group.  269 

As this study is the first to investigate non-invasive retinal markers in patients with 270 

sarcoidosis, other examinations of the ocular microvasculature and nerve layer structure is needed to explain 271 

the mechanisms for these metabolic changes responsible for the increased oxygen extraction found in 272 

patients with combined ocular and CNS disease. 273 

Furthermore, it is notable that even though many of the participants had been living with 274 

chronic ocular or CNS affection for many years, the BCVA was very high, as ETDRS score was above 80 in 275 

all groups. Even so, we found no significant difference in types of medical treatment between the groups of 276 

interest, but the majority of participants were treated with systemic corticosteroids, DMARD or combined 277 
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treatment at the time of the examination, masking the true inflammatory effect of sarcoidosis. Most of the 278 

participants in the groups with ocular involvement did not have any sign of active uveitis or other 279 

inflammations, and still all groups, even the group with no ocular or CNS affection, had a higher AV-280 

difference compared to other studies of healthy individuals8, 15.  281 

Future studies should explore the inflammatory component more closely by including newly 282 

diagnosed untreated patients or patients with active uveitis as well as a group of healthy individuals to 283 

illuminate the part impacted by systemic sarcoidosis. 284 

In conclusions, retinal oximetry in sarcoidosis patients showed an increased AV-difference, 285 

suggesting that patients with combined ocular and CNS sarcoidosis might have a subclinical retinal affection, 286 

which cannot be recognized by conventional screening methods. This could be used to distinguish between 287 

organ manifestations of sarcoidosis and warrants further investigation in retinal markers that might provide 288 

new insight into the pathophysiology of ocular and central nervous system affection in sarcoidosis.  289 

290 
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 370 

Table 1 371 

Table legend:  372 

Baseline characteristics and outcome variables. 373 

All given as a mean with standard deviation (SD) and 95%-confidence interval or median with interquartile 374 

range (IQR) for continuous data or as proportions of the groups for categorical data. P-values for continuous 375 

data were based on univariable analyzes using ANOVA or Kruskal-Wallis. Categorical data were analyzed 376 

using Fisher’s exact test.  377 
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 378 

 379 

 

N (number of 
eyes) 

Non-
Ocular/no-CNS 

 (109) 

Ocular 

(30)  

CNS 

(33) 

Ocular/CNS 

(29) 

P-value 

Age (years) 
[95%CI] 

48.1  (11.9)  
[44.9-51.3] 

54.9 (14.1) 
[46.8-62.9] 

57.6 (11.7) 
[51.5-63.8] 

46.8  (15.6) 
[37.9-55.6] 

<0.001* 

Sex (% male) 49.5 36.6 63.6 65.5 0.074 

Duration of 
sarcoidosis (%) 

<2 years 

2-5 years 

>5 years 

 

 

12.8 

40.4 

46.8 

 

 

13.3 

36.7 

50.0 

 

 

12.1 

6.1 

81.8 

 

 

20.7 

34.5 

44.8 

 
0.004* 

ETDRS score 
(letters)† 

87.0  
(84.0-89.0) 

85.5 
(78.0-89.0) 

86.0 
(83.0-89.0) 

88.0 
 (82.0-90.0) 

0.230 

IOP (intra ocular 
pressure) † 

10.8 
(9.1-12.7) 

11.5 
(9.2-13.0) 

11.3 
(9.9-12.5)  

10.9 
(9.2-11.5) 

0.530 

Oximetry image 
quality† 

8.0 
(7.5-8.6) 

7.7 
(7.2-8.1) 

7.8 
(7.3-8.4) 

8.2 
(7.7-8.5) 

0.025* 

Mean arterial 
saturation (%)† 

94.5  
(92.0-96.8) 

93.5 
(91.5-96.8) 

93.5 
(91.5-98.3) 

94.5 
(92.5-97.8) 

0.660 

Mean venular 
saturation (%)† 

57.5  
(53.0-61.5) 

56.4  
(49.3-62.8) 

55.5  
(50.3-60.8) 

52.5  
(50.0-59.3) 

0.080 

Arteriovenous 
difference (%) 
[95%CI] 

37.7  (4.9) 
[36.5-38.8] 

38.1  (7.3) 
[34.4-41.8] 

40.7 (7.3) 
[37.2-44.3] 

42.1 (8.5) 
[37.9-46.1] 

0.003* 

Arterial diameter 
(pixel) † 

12.6  
(11.9-13.8) 

13.2  
(12.3-14.2) 

13.2  
(12.0-14.1) 

12.5 
(11.5-13.4) 

0.100 

Venular diameter 
(pixel) † 

16.9 
(16.1-17.9) 

17.2 
(16.4-18.4) 

17.1 
(15.8-18.0) 

16.9 
(15.7-18.8) 

0.330 

ETDRS (Early Treatment Diabetic Retinopathy Study) 380 

†Given as median with IQR – analyzed using Kruskal-Wallis test 381 

*Statistically significant (p<0.05)382 



 19 

Table 2:  383 

Table legend 384 

Fraction of patients treated at the time of the clinical examination. 385 

P-values were analyzed using Fisher’s exact test.   386 

 

N (number of 

patients) 

Non-
Ocular/no-

CNS 

 (55) 

Ocular 

(16)  

CNS 

(17) 

Ocular/CNS 

(15) 

P-value 

SC  18 (32.7 %) 9 (56.3%) 11 (64.7%) 8 (53.3%) 0.064 

DMARD  32 (58.2%) 13 (81.3%) 11 (64.7%) 6 (40.0%) 0.130 

Combined  13 (23.6%) 7 (43.8%) 6 (35.3%) 4 (26.7%) 0.410 

Non-treated  18 (32.7%) 1 (6.3%) 1 (5.9%) 5 (33.3%) 0.028 

SC (systemic corticosteroids) 387 

DMARD (disease-modifying anti-rheumatic drugs) 388 

Combined (Combined treatment of SC and DMARD) 389 

 390 

391 
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Figure legends 392 

Figure 1:  393 

A pseudo-color retinal oximetry fundus images generated automatically by the Oxymap T1 oximeter.  394 

The color scale indicates the oxygen saturation of hemoglobin in retinal blood vessels. The arterioles are 395 

generally orange to red indicating saturations in the 90-100% range, and the venules generally vary from 396 

green to yellow, indicating saturations in the 50-65% range. 397 

A. The right eye of a patient with combined ocular and CNS sarcoidosis. B. The left eye of a patient without 398 

ocular or CNS affection. 399 

 400 

Figure 1 401 

 402 

403 
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Figure 2: 404 
Arteriovenous difference divided by group. 405 

The association was analyzed by use of multiple linear regression analysis with the following variables 406 

included: age, sex, duration of sarcoidosis, best corrected visual acuity, and oximetry image quality. A 407 

significant change in arteriovenous difference were found between the group of non-ocular/no-CNS 408 

manifestation and the group with combined ocular/CNS manifestation.  409 

Figure 2 410 

 411 


