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Abstract 
Purpose: The purpose of this study was to evaluate the association between retinal laser burden and 

vascular oxygen saturation in patients with proliferative diabetic retinopathy (PDR) treated with different 

extent of retinal laser.  

Methods: The study was a prospective, interventional study of patients with treatment-naïve PDR. Patients 

were treated with navigated retinal laser (Navilas, OD-OS GmbH, Teltow, Germany) in different doses. 

Retinal oximetry was obtained at baseline (BL) prior to laser and after six months (M6). Patients were 

divided into three groups according to total laser spots applied: <1500 spots (Group 1), 1500-2000 spots 

(Group 2), and >2000 spots (Group 3). 

Results: We included 33 eyes of 28 patients with treatment-naïve PDR. The groups did not differ according 

in BL characteristics. Between BL and M6, retinal arteriolar oxygen saturation did not change but retinal 

venular oxygen saturation (median with interquartile range) decreased in Groups 1 and 2 (1: 65.58.8 % vs. 

60.59.5 %, p=0.04; 2: 65.37.3% vs. 63.013.5 %, p=0.04). Focal retinal venular oxygen saturation, located 

to quadrants with retinal neovascularization, decreased in Group 2 from BL to M6 (67.513.3 % vs. 

61.58.8 %, p=0.04). Retinal venular diameter decreased from BL to M6 in Group 1 (174.515.3 m vs. 

165.128.7 m, p=0.01). 

Conclusions: In this study of patients with treatment-naïve PDR, we showed that a less extensive laser 

treatment caused a reduction in retinal venular oxygen saturation and diameter six months after 

treatment. Our results suggest that less extensive laser treatment may be sufficient to improve the retinal 

metabolic environment conducive to PDR regression. 

 

Key words: oximetry, proliferative diabetic retinopathy, laser treatment, oxygen saturation  
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Introduction: 

Diabetic retinopathy (DR) is the most common microvascular complication in diabetes (Grauslund et al. 

2009) and a major cause of blindness (Grauslund et al. 2009; Leasher et al. 2016; Ting et al. 2016). DR 

emerges from hypoxia caused by retinal neurovascular damage, and proliferative diabetic retinopathy 

(PDR) is the ocular end-stage of the disease (Wong et al. 2016). PDR is characterized by the formation of 

retinal neovascularization that can lead to vitreous haemorrhage or tractional retinal detachment, if not 

treated in time. The standard treatment of PDR is panretinal photocoagulation (PRP) as defined by The 

Diabetic Retinopathy Study Group (The Diabetic Retinopathy Study Research Group 1981), where 

treatment is applied globally with coverage of the entire retina except the centre, including macula, the 

optic nerve, largest blood vessels, and the proliferative area. Other treatment strategies have been 

proposed, such as subthreshold microsecond  laser (Jhingan et al. 2018) and ‘light PRP’(Bandello et al. 

2001). While the exact mechanism of PRP is still unknown, it has been proposed that retinal laser is 

absorbed by the pigmented cells, which in terms destroys the retinal pigment epithelium and 

photoreceptors, hereby decreasing the hypoxic load(Stefansson 2006). Furthermore, laser treatment 

facilitates choroidal oxygen diffusion through laser scars that makes more oxygen available in the inner 

retina (Stefansson 2006; Wong et al. 2016). However, clinical demonstration of these hypothetical 

mechanisms after PRP is challenging. 

Retinal oximetry is a non-invasive way to measure the oxygen saturation in the retinal vessels. It can be 

used to detect retinal hypoxia and disturbances in the retinal oxygenation. It has previously been shown 

that increasing levels of DR is associated with increasing retinal venular oxygen saturation, while retinal 

arteriolar diameter is decreased in patients with PDR (Hardarson &  Stefánsson 2012; Guduru et al. 2016; 

Blair et al. 2017; Rilvén et al. 2017). Furthermore, it has been demonstrated that retinal venular oxygen 

saturation is stabilised in patients with PDR successfully treated with PRP and that retinal venular diameter 

is increased in patients with non-proliferative DR (Blair et al. 2017; Torp et al. 2018). Previous results on 

retinal arteriolar oxygen saturation have shown correlation with an increase with increasing degrees of DR 

and ischemia (Guduru et al. 2016) while others only found a difference in the latest stages of DR (Khoobehi 

et al. 2013). 

Thus, while the association between DR and retinal venular oxygen saturation has previously been 

investigated (Guduru et al. 2016; Blair et al. 2017; Rilvén et al. 2017), previous studies have not investigated 

if a certain amount of retinal laser is needed to induce alterations in the retinal metabolism that leads to 

PDR regression and stability. This is clinically important as too little laser may not be sufficient while too 

much laser is associated with adverse side effects. Therefore, the purpose of this study was to evaluate the 

association between retinal laser PRP treatment and retinal oxygen saturation in patients with treatment-

naïve PDR treated with different extent of retinal laser. We hypothesised that a less extensive laser burden 

would cause less damage on the retinal tissue but is sufficient to lead to improved retinal metabolic 

condition that will ultimately lead to PDR regression and stabilization.  

 

Methods: 

Study design and population 
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This study is a sub study of a six-month 1:1 randomized controlled trial (RCT) which included 33 eyes of 28 

patients with treatment-naïve PDR that were referred to Odense University Hospital, Odense, Denmark 

between June 1st, 2017 and February 1st, 2019 (Vergmann et al. 2020).  Patients were either randomized 

to navigated retinal laser treatment (Navilas® 532 nm, OD-OS GmbH, Teltow, Germany) performed as 

standard or individualized PRP. Randomization was performed by Research Electronic Data Capture 

(REDCap) database under Open Patient data Explorative Network (OPEN). To ensure the same degree of 

ischemic disease, the two groups were balanced in relation to the number of retinal quadrants with 

proliferations. Inclusion criteria were diabetes mellitus (type 1 and 2), newly diagnosed, untreated PDR in 

one eye (possibility of inclusion of both eyes if bilateral PDR, in which case randomization would be with 

one eye in each group). We excluded patients with diabetic macular oedema (DMO) in the affe cted eye 

(central subfields thickness >300 m), age <18 years, pregnancy and/or blurry optic media that could 

prevent PRP or interfere with the quality of the retinal images taken. Patients were blinded to their 

treatment arm(s).  

Treatment efficacy (progression of PDR) and side-effects (visual field, dark adaptation and retinal quality of 

life) were defined as main outcomes of the trial. Given that the main outcomes did not differ between 

patients with progression and patients without progression, eyes of both groups were pooled for the 

present study. Due to spontaneous vitreous haemorrhage and progression in cataract during follow -up, the 

retinal image quality was affected, thus the sub study is smaller than the original study.  

Panretinal photocoagulation 

In the RCT, standard PRP were localized to all four retinal quadrants and individualized PRP was localized to 

retinal quadrants with retinal neovascularization only. Treatment was performed at baseline (BL) and 

supplemented if needed at month three (M3) and / or month six (M6). The treatment was executed in two 

sessions at BL in both groups. A Mainster 165 PRP contact lens was used, and the patients were given a 

local anaesthetic (oxybuprocaine hydrochloride 0.4%) prior to treatment. During treatment, the f ollowing 

settings were used; spot size: 390 m, pulse duration: 30 ms, and power was adjusted to 280 mW and 

adjusted until a greyish-white indication was present on the retina. Supplemental PRP treatment were 

given at follow-up (M3 or M6) if progression of PDR were found by the grader (subjective assessed by 

ophthalmoscopy, wide-field fundus photo, and ultra-widefield photo and fluorescens angiography (FA) 

(Optos, Dunfermline, United Kingdom)). Progression was defined as increasing areas of neovascularization, 

increasing FA leakage, or vitreous haemorrhage at follow-up M3 or M6. Patients were divided into three 

groups according to number of retinal laser spots applied: <1500 spots (“light”, Group 1), 1500-2000 spots 

(“moderate”, Group 2), and >2000 spots (“extensive”, Group 3). It should be noted all groups received a 

less extensive laser treatment, compared to the standard Early Treatment Diabetic Retinopathy Study 

protocol (Early Treatment Diabetic Retinopathy Study Research Group 1987) with both smaller spot size, 

pulse duration and fewer spots applied in Groups 1 and 2.  

Visual acuity and clinical examinations 

Demographic information, a full medical history, height, and weight (BMI) were collected at BL. At BL and 

M6, we measured best corrected visual acuity (BCVA), using the Early Treatment Diabetic Retinopathy 

Study (ETDRS) chart, intraocular pressure (Goldmann, Haag-Streit, Bern, Switzerland), brachial arterial 

blood pressure (Omron 705CP, Hoofddorp, The Netherlands). Venous blood samples of hemoglobin A 1c 
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(HbA1c) were drawn. Spectral domain (SD) optical coherence tomography (OCT) (Topcon, Tokyo, Japan) 

and retinal oximetry (Oxymap model T1, Oxymap, software V.2.4.2, Reykjavik, Iceland) was performed, also 

at BL, M3 and M6. The patients underwent a standard ophthalmic examination including slit lamp 

examination performed in mydriasis with tropicamide 10 mg/mL and phenyl ephedrine  10%, and wide-field 

fundus photo and FA were performed at BL, M3 and M6.  

Retinal oximetry 

Oxymap T1 was used to obtain retinal oxygen saturation by 50-degree optic disc centred images at BL and 

M6. Description of equipment and technique of image-capturing can be found elsewhere (Geirsdottir et al. 

2012). Grading of all images were performed by a trained grader following a prespecified grading protocol. 

A circle was manually placed 20-30 pixels from the edge of the optic disc to avoid faulty measurements due 

to reflection from the optic disc and the retinal nerve fibre layer. A second circle was automatically 

generated measuring three times the diameter of the inner circle and the oxygen saturation measurements 

were done between the two circles. The widest possible arteriole and venule (50-200 pixels) was chosen in 

each quadrant and automatically traced. If the length of one of the chosen vessels was less than 50 pixels 

from the inner circle to the first branching point, the first branch was selected for tracing. At follow up, the 

same vessel segments were selected for tracing. Overall arteriolar and venular saturation are presented in 

this article and are defined as the mean oxygen saturation across the four quadrants. Focal arteriolar and 

venular retinal saturation were defined as the local oxygenation in only the treated quadrant(s). Retinal 

arteriolar and venular diameter from the oximetry gradings was analysed.  

Ethical considerations 

All patients participated on the basis of informed and written consent and were informed that they at any 

time could withdraw from the study without justification. If there were other conditions requiring 

treatment in connection with the treatment or examinations, patients were referred for appropriate 

treatment. The study was conducted in accordance with the Helsinki Declaration II and in accordance with 

good clinical practice. The project was approved by the Research Ethics Committee of Southern Denmark 

(Project-ID: S-20160168) and by The Danish Data Protection Agency. The full trial protocol can be found at 

https://clinicaltrials.gov (identifier: NCT03113006) as the project was registered online prior to initiation.   

Statistics 

Data are presented as median with interquartile range (IQR) interval. A mixed model including nested 

random effects on a patient and eye-within-patient level was used to analyse differences between groups 

and between time points. Model validation was performed by visual inspection of residuals, fitted values 

and random effect estimates.  Pearson’s correlation r was used to detect correlation between laser spots 

and arterial and venular oxygen saturation at M6. Statistical differences were tested at a 0.05 level. 

Statistical analysis was performed using STATA Intercooled version 16 (StataCorp LLC, College Station, TX, 

USA).  

 

Results: 
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A total of 33 eyes of 28 patients were included. As presented in Table 1, patients in Groups 1-3 did not 

differ according to age, sex, type 1 diabetes, duration of diabetes, HbA1c or best corrected visual acuity. 

Median (with IQR) power applied in each group was as follows; Group 1; 4.4091.9 J, Group 2: 6.6263.8 J, 

Group 3: 8.2922.9 J, p=0.002. Median (with IQR) laser spots applied was as follows; Group 1: 1040478, 

Group 2: 1798540, Group 3: 2392608, p<0.001. Image quality did not differ between the groups (Table 

2). There was no direct relationship between progression vs. non-progression and difference in retinal 

venular saturation from BL to M6 (Figure 1) or correlation (r) between total laser spots and overall oxygen 

saturation (arteriolar: 0.22, p=0.22; venular: 0.29, p=0.10; arterio-venous difference (AVD): -0.30, p=0.08).  

Global retinal vascular oxygen saturation and vessel diameter 

From BL to M6, retinal arteriolar oxygen saturation did not alter in any of the groups (Table 2 and Figure 2). 

Retinal venular oxygen saturation (mean) decreased during follow-up in Groups 1 and 2 (1: 65.58.8 % vs. 

60.59.5 %, p=0.04; 2: 65.37.3% vs. 63.013.5 %, p=0.04) but not in Group 3. Mean AVD increased in 

Group 1 during follow up (31.95.8 vs. 35.913.0, p=0.03) but no differences were found in Groups 2 and 3 

(Table 2 and Figure 3). Mean retinal arteriolar diameter did not statistically change at follow up in any of 

the groups. Mean retinal venular diameter decreased during follow-up in Group 1 (174.515.3 m vs. 

165.128.7 m, p=0.01) but did not change in Groups 2 and 3 (Table 3). 

Focal retinal oxygen saturation 

For patients with retinal neovascularization in one, two or three retinal quadrants, focal venular oxygen 

saturation decreased during follow up in Group 2 (67.513.3 % vs. 61.58.8 %, p=0.04), but not in Groups 1 

and 3 (Table 4). No changes were seen in the retinal arteriolar oxygen saturation.  

Discussion: 

In this study of patients with treatment-naïve PDR, we demonstrated a decreasing retinal venular oxygen 

saturation in patients receiving lower amounts of retinal laser treatment. Our results suggest that a less 

extensive laser application exerts a demonstratable improvement in the retinal metabolic condition that is 

conducive to PDR regression and stabilization.  

We investigated the effect of total retinal laser spots on retinal oxygen saturation and found that patients 

in Groups 1 (“light”) and 2 (“moderate”) had an observable decrease in retinal venular oxygen saturation 6 

months after laser. Retinal blood flow is disturbed in patients with DR with presence of capillary non -

perfusion leading to areas with ischemia. Another common phenomenon in DR is the shunting of blood to 

circumvent areas with vascular occlusion between venules and arterioles, where retinal oxygen saturation 

in arteriolar-venous and venous-venous shunts is increased compared to the retinal venular saturation 

(Petersen &  Bek 2019). When treating with retinal laser, areas in between the large vessels where shunting 

is present is ablated. The ablation of areas with shunting might have caused less shunting of blood from the 

arteriolar to the venular retinal vessels and reduced the retinal venular oxygen saturation. Furthermore, 

AVD increased in Group 1, as a result of the decreased retinal venular oxygen saturation. AVD can be 

interpreted as a an marker of oxygen-consumption in the tissue (Hardarson &  Stefánsson 2012) indicating 

increased oxygen-consumption was present for Group 1.  



 7 

A decrease of retinal venular oxygen saturation was not found in Group 3 (“extensive”). However, th is 

group started at a lower retinal venular and arteriolar oxygen saturation compared to the other two groups 

and a small decrease was seen from BL to M6. Even though the lower starting saturation was not 

statistically significant different from the two other groups, the low starting point could have been the 

reason that no differences was observed in Group 3, rather than the less extensive laser approach.  

However, a bigger study cohort is needed to confirm this.  

A corresponding decrease, as in retinal venular oxygen saturation, was observed in retinal venular diameter 

in the “light” laser group (Group 1). Previous studies have shown that blood flow in the retinal vessels is 

reduced after PRP (Oswald et al. 1985; Fujio et al. 1994). The decrease in diameter in this group could 

indicate reduced blood flow as an expression of less oxygen demand by the tissue. The fact that the 

decrease in vessel diameter was only present in Group 1 could indicate that this group especially had a 

good response to the less extensive laser treatment. 

Oxygen saturation has shown to increase with increasing degree of DR (Rilvén et al. 2017). This has been 

explained by a combination of capillary non-perfusion, arterio-venular shunting, thickening of capillary 

walls, and greater oxygen affinity for glycosylated haemoglobin. This leads in turn to poor distribution and 

decreased consumption of oxygen in the retinal tissue. Conversely, in patients that are treated successfully 

with PRP, retinal venular oxygen saturation decreases (Torp et al. 2018) supporting evidence of increased 

oxygen consumption. In relation to this the decrease in retinal venous oxygen saturation and diameter in 

the group that received less extensive laser treatment in this study could imply successful treatment similar 

to that of Torp et al., but also with favourable anatomic outcome because of the less destructive nature. 

This is in line with previous findings of individualised PRP of PDR (localized to affected quadrants) being as 

efficient as standard PRP (Vergmann et al. 2020). Even though changes in retinal venular oxygen saturation 

was not directly correlated with progression/non-progression in this study, the sample size was small and a 

trend towards a higher amount of laser spots and an increase in retinal venular oxygen saturation was 

observed. 

Our findings of a decrease in retinal venular oxygen saturation are partly in conflict with a previous study. 

This study found an increase in retinal venular oxygen saturation in patients with PDR 3 months after 

treatment with PRP (Jørgensen &  Bek 2014). They applied a mean of 2232 spots.  To compare, we did not 

find any differences in the retinal venular oxygen saturation in the group that received >2000 spots. This 

suggests that a treatment over a certain point initiate other mechanisms that either stabilises or switches 

the retinal blood flow. However, we had a longer follow-up time (6 months) which could have given the 

opportunity for further changes.   

There were some limitations to this study. Given the nature of the study, it was only possible to include a 

small sample of patients followed for six months. Additionally, we did not have information available with 

respect to the exact stage of cataract as well as number of pseudo phakic eyes, which is known to influence 

the retinal oximetry (Della Volpe Waizel et al. 2020). Furthermore, for ethical reasons, we could not include 

an untreated group of patients with PDR. However, the prospective study design made it possible to 

observe temporal changes within and between eyes as stratified for amount of laser treatment. For a 

further study it could also be interesting to examine the effect of extent and area of ischemia to see how 

this affects retinal oxygenation. 
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In conclusion, in this prospective study of patients with treatment-naïve PDR, we showed that a less 

extensive laser treatment caused a decrease in retinal venular oxygen saturation and diameter 6 months 

after treatment. No differences were found between patients with progression or non-progression of PDR. 

Our results suggest that less extensive laser treatment, with less damage of the retina, results in a 

measurable improvement in the retinal metabolic conditions that is associated with PDR regression and 

stabilization. The results should be interpreted with caution because of a small sample size.  
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Figure legends – Figure 1:  

Scatter plot of the relationship between no (number) of total laser spots given and difference in retinal  

venular oxygen saturation (%) from baseline to month 6. The blue dots represent patients with progression 

of proliferative diabetic retinopathy (PDR), and the red dots represent patients with no progression of PDR.  
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Figure legends – Figure 2: 
A plot to illustrate the retinal arteriolar oxygen saturation before and six months after treatment divided by 
the treatment groups (group 1 (<1500 spots), group 2 (1500-2000 spots) and group 3 (>2000 spots)).  



 13 

Figure legends – Figure 3:  

A plot to illustrate the retinal venular oxygen saturation before and six months after treatment divided by 
the treatment groups (group 1 (<1500 spots), group 2 (1500-2000 spots) and group 3 (>2000 spots)). 
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Figure 1: 
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Table 1: Baseline characteristics of the included patients. 

Baseline characteristics P-value 

Groups according to no. of laser spots <1500 1500-2000 >2000  

No. of eyes (n) 10 11 12  
Age (years)  53.513.0 52.012.0 54.518.0 0.78 

Sex, male (%) 60.0% 55.0% 58.0% 0.97 
Ethnicity, caucasian (%) 100.0% 91.0% 100% 0.36 

Body mass index (kg/m2) 29.210.6 26.17.2 31.46.6 0.58 

Diabetes, type 1 (%) 40.0% 55.0% 42.0% 0.76 
Diabetes duration (years) 22.016.0 17.023.0 20.517.0 0.87 

Central retinal thickness (m) 229.034.0 229.068.0 257.549.5 0.74 

Best corrected visual acuity (ETDRS) 85.04.0 83.08.0 84.58.5 0.41 

Systolic blood pressure (mmHg) 158.026.0 152.038.0 146.019.5 0.36 

Diastolic blood pressure (mmHg) 93.59.0 85.021.0 89.010.0 0.23 

HbA1c (mmol/mol) 61.514.0 65.015.0 71.520.5 0.87 

Baseline characteristics of patients included in the s tudy. Data are presented as median with interquartile range.  
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Table 2: Global retinal venular and arteriolar oxygen saturation at baseline and month 6 according to 

treatment groups 

 Image quality Retinal arteriolar oxygen saturation Retinal venular oxygen 

saturation 

Retinal arterio-venous difference 

No. of laser 

spots 

n BL M6 BL M6 P-

value 

BL M6 P-value BL M6 P-value 

<1500 10 7.60.2 7.30.2 96.27.3 94.98.3 0.57 65.58.8 60.59.5 0.04* 31.95.8 35.913.0 0.03* 

1500-2000 11 7.10.2 7.20.3 98.510.3 93.37.3 0.16 65.37.3 63.013.5 0.04* 31.39.3 33.09.3 0.15 

>2000 12 7.70.2 7.30.2 93.210.1 94.010.2 0.75 62.08.9 62.57.1 0.97 28.413.0 30.310.4 0.84 

P-value  0.50 0.85 0.43 0.49  0.41 0.71  0.86 0.49  

Retinal venular and arteriolar oxygen saturation and arteorio-venous difference at baseline (BL) compared to month 6 follow up 

(M6). The patients are divided into three groups according to the number of laser spots applied during panretinal 

photocoagulation: group 1 (<1500 spots), group 2 (1500-2000 spots) and group 3 (>2000 spots). Data are presented as median with 

interquartile range. *Statistically s ignificant p<0.05. 
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Table 3: Retinal arteriolar and venular diameter at baseline and month 6 according to treatment groups 

 Retinal arteriolar diameter Retinal venular diameter 

No. of laser spots n BL M6 P-value BL M6 P-value 

<1500  10 122.7525.3 111.017.3 0.19 174.515.3 165.128.7 0.01* 

1500-2000  11 123.817.0 122.519.8 0.13 168.325.0 166.826.5 0.45 

>2000 12 124.026.0 124.015.5 0.30 167.834.3 163.235.1 0.81 

P-value  0.60 0.31  0.84 0.95  

Retinal venular and arteriolar diameter at baseline (BL) compared to month 6 follow up (M6). The patients are divided into th ree 

groups according to the number of laser spots applied during panretinal  photocoagulation: group 1 (<1500 spots), group 2 (1500-

2000 spots) and group 3 (>2000 spots). Data are presented as median with interquartile range. *Statistically s ignificant p<0.05. 
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Table 4: Focal retinal venular and arteriolar oxygen saturation at baseline and month 6 according to 
groups in treated quadrants 

 Retinal arteriolar oxygen saturation Retinal venular oxygen saturation 

No. of laser spots n BL M6 P-value BL M6 P-value 

<1500  10 96.814.0 94.513.0 0.89 61.510.5 60.310.0 0.69 

1500-2000  8 100.07.5 94.09.6 0.08 67.513.3 61.58.8 0.04* 

>2000 12 93.58.0 94.59.0 0.63 64.513.0 64.06.0 0.98 

P-value  0.49 0.79  0.51 0.84  

Retinal venular and arteriolar oxygen saturation located to the quadrants of the retina with neovascularization before and af ter 
laser treatment. Patients with neovascularization in four and three quadrants was excluded from this analysis. The patients a re 
divided into three groups according to the number of laser spots applied as panretinal photocoagulation: group 1 (<1500 spots ), 
group 2 (1500-2000 spots) and group 3 (>2000 spots). Data are presented as median with interquartile range. *Statistically 
s ignificant p<0.05. 
 

 


