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Abstract in English 
Background and aim 

Retinal vein occlusion (RVO) is a common retinal vascular disease affecting millions of people 

worldwide. The occlusion causes compromised retinal blood drainage in the upstream area of the 

affected vein, often resulting in macular edema and decreased visual acuity. 

Previously, treatment options were limited, and many patients only received treatment for 

complications such as retinal neovascularization and neovascular glaucoma. In 2011, intravitreal 

treatment with vascular endothelial growth factor (VEGF) inhibitors was approved for use in the 

treatment of RVO by the European Medicines Agency and quickly became the treatment of choice. 

The efficacy on visual acuity outcomes was convincing, and systemic safety evaluated in clinical trials 

was highly acceptable. 

RVO has been associated with cardiovascular diseases (CVD), both as a predisposing risk factor 

and as a subsequent event. While previous studies have found correlations between RVO and 

subsequent risk of CVD and mortality, these studies were conducted before the introduction of VEGF 

inhibitors, where only a selected portion of all RVO patients were referred for treatment. Thus, a 

contemporary analysis would be needed to clarify these risks in a cohort reflecting todays RVO 

patients, in order to guide clinicians in handling and advising the patients.  

Furthermore, intravitreally delivered VEGF inhibitors enter the systemic circulation, and controversy 

exist on the cardiovascular safety of the treatment. Danish registries might supply novel insight into 

this area, since the clinical studies on angiostatic agents were not powered to evaluate rare events 

and often excluded patients with high a priori risk of CVD and mortality, and since no larger 

population-based studies have evaluated the safety of these agents in RVO patients. 

Irrespective of any unknown risks of the treatment, it is expensive for society and inconvenient for 

the patients, having to receive many intraocular injections with the burden of hospital visits and risk 

of iatrogenic complications. In the interest of lowering anti-VEGF treatment need, macular laser could 

potentially play a role, having been the first line treatment for patients with branch retinal vein 

occlusion (BRVO) for decades. The novel navigated laser delivery system allows for preplanning 

treatment, targeting specific retinal pathology and applying the laser spots with a safe and precise 

semi-automated system, which could prove useful in combination treatment in RVO patients. In 

addition, exploring novel biomarkers of this multifactorial disease would be a first step in 

advancement towards stratified or individualized patient treatment. 

Thus, the aim of the PhD study was to provide a contemporary analysis on Danish nationwide registry 

data of the risks of cardiovascular diseases and mortality associated with: 1) RVO and 2) Anti-VEGF 

treatment of RVO (Study A).  
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Further, we aimed to: 3) evaluate the prospects of navigated central retinal laser in lowering the need 

for anti-VEGF treatment in patients with treatment-naïve BRVO and macular edema, and: 4) evaluate 

the value of novel biomarkers in predicting the re-treatment need as well as structural and functional 

outcomes in these patients (Study B). 

Methods 

Study A: The study was a prospective cohort study utilizing data from the Danish nationwide registries 

from 1998 to 2018. We evaluated the associations between RVO, CVD and all-cause mortality 

including subgroup analyses before and after the introduction of intravitreal therapy in 2011. 

Furthermore, we explored what effect VEGF inhibitory treatment had on cardiovascular events and 

mortality in the cohort of RVO patients registered from 2012 to 2018. Cox proportional hazards 

models were fitted, adjusting for possible confounding factors, and reported as hazard ratios (HR) 

with 95% confidence intervals (CI). 

Study B: The study was a randomized, controlled clinical trial, including patients with treatment-naïve 

BRVO and macular edema. All patients received three loading doses of 2.0 mg aflibercept, after 

which one group received central retinal navigated laser (Group A) and one did not (Group B). All 

patients were followed up until month 12, receiving further aflibercept injections according to a pre-

defined pro re nata (as-needed) regimen. We evaluated patients monthly with optical coherence 

tomography (OCT) and best corrected visual acuity. At baseline, patients were further evaluated with 

OCT angiography, retinal oximetry and microperimetry, the latter of which was repeated at month 12. 

Primary endpoint was number of patients needing anti-VEGF re-treatment after loading phase. 

Main results and conclusion 

We found that RVO patients had increased risk of overall, ischemic and non-ischemic CVD (HR 1.13 

95% CI 1.09 to 1.17, HR 1.16 95% CI 1.11 to 1.21 and HR 1.23 95% CI 1.15 to 1.33), without marked 

difference between BRVO and central RVO patients, but with higher risks in a subgroup of patients 

registered after 2011. We found an increased risk of all-cause mortality in CRVO patients registered 

prior to 2011, but not in those registered after 2011. When evaluating the association between VEGF 

inhibitory treatment and CVD and mortality, we found an increased risk of intracranial hemorrhage 

(HR 1.66, 95% CI 1.02 to 2.71), but no other increased risks of other CVDs or all-cause mortality.  

In BRVO patients with macular edema, navigated central laser as a supplement, did not lower re-

treatment need (percentage of patients needing re-treatment after month three was 71% (95% CI 49 

to 87%) and 80% (95% CI 56;93%) in groups A and B, respectively, p=0.72). Groups did not differ in 

number of injections after loading phase (1 (0;3) vs. 2 (1;3), p=0.43), change in best corrected visual 

acuity (+12.8 ± 9.4 vs. +15.1 ± 9.6 letters, p=0.48), change in central retinal thickness (-195 (-276;-

145) vs. -181 (-263;-157) µm, p=0.81) or change in retinal sensitivity (+3.3 ± 2.3 vs. +4.1 ± 3.5 dB, 

p=0.67). Retinal arteriolar oxygen saturation tended to associate with no need for re-treatment after 

loading phase (OR 0.80 (95% CI 0.64 to 1.00), adjusted AUC 0.92, p=0.054), but none of the 
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evaluated biomarkers had statistically significant predictive value on either re-treatment need, 

structural or functional outcome. 

In conclusion, RVO patients had increased risk of cardiovascular diseases that was higher in patients 

registered after 2011, while CRVO patients after 2011 were found to have lower all-cause mortality 

than CRVO patients prior to 2011. Overall, we found treatment with VEGF inhibitors to be safe in 

regards to cardiovascular diseases and mortality, but an increased risk of intracranial hemorrhage 

should to be verified and quantified more precisely in larger population-based cohorts. 

Supplementary treatment with navigated central laser had no significant effect in reducing treatment 

need in BRVO patients, but we found no detrimental effect of the laser evaluated by microperimetry. 

Supplementary laser in selected patients, due to e.g. non-response to VEGF inhibition or low 

compliance was not evaluated in the current study, and might be indicated. While none of the 

evaluated biomarkers proved significant in predicting re-treatment need, functional or structural 

outcomes, retinal arteriolar oxygen saturation tended to, and should be considered in future studies. 
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Abstract in Danish 
Baggrund og formål 

Retinal veneokklusion (RVO) er en hyppig, vaskulær, retinal lidelse, der påvirker flere millioner 

mennesker på verdensplan. Okklusionen medfører kompromitteret afløb fra det retinale område der 

normalt dræneres af den afficerede vene, hvilket ofte medfører makulært ødem og nedsat syn. 

Tidligere havde vi begrænsede behandlingsmuligheder, og patienter modtog kun behandling såfremt 

de udviklede komplikationer såsom retinal neovaskularisation eller neovaskulært glaukom. I 2011 

blev intravitreal behandling med vaskulær endothelial vækstfaktor (VEGF) hæmmer godkendt til 

behandlingen af RVO med makulært ødem af det europæiske medicinagentur (European medicines 

agency) og blev førstevalgsbehandling til tilstanden. I kliniske studier var behandlingens effekt 

overbevisende, med god effekt på visus og med en systemisk sikkerhed der i høj grad var acceptabel. 

RVO associerer med andre kardiovaskulære lidelser (CVD), både som prædisponerende 

risikofaktorer og som efterfølgende komorbiditet. Tidligere studier har fundet at RVO er associeret 

med øget risiko for CVD og mortalitet, men studierne baserer sig på data fra før introduktionen af 

anti-VEGF behandling, hvor kun udvalgte patienter blev henvist til sygehusbehandling. En opdateret 

undersøgelse af associationen med disse udfald er nødvendig, for at klinikeren kan basere sin 

håndtering og rådgivning af patienten på nutidige data. 

Intravitreal VEGF-hæmmer er påvist i målbare systemiske niveauer efter behandling, og der resterer 

vedvarende uenighed om den kardiovaskulære sikkerhed ved behandlingen. De kliniske studier på 

området er ikke designet med statistisk styrke til at vurdere risikoen for sjældne events, ligesom 

populationen i disse studier ofte er selekteret ved bl.a. fravalg af patienter med høj risiko for 

kardiovaskulære komplikationer. De danske nationale registre kan derfor bidrage med en 

populationsbaseret vurdering af sikkerheden ved intravitreal VEGF-behandling til RVO. 

Uagtet behandlingens eventuelle kardiovaskulære komplikationer er behandlingen en økonomisk 

byrde for samfundet, og betyder for patienter mange sygehusbesøg samt iatrogene risici. Det er 

derfor ønskværdigt at nedsætte behovet for behandling så meget som muligt uden 

behandlingseffekten ændres. Makulær laserbehandling har været førstevalgsbehandling til BRVO 

igennem årtier, og kunne muligvis være gavnligt som supplement til intravitreal VEGF hæmmer. Et 

moderne, computerbaseret, navigeret lasersystem der tillader planlægning af hele behandlingen på 

forhånd, ved hjælp af import og overlay af fluorescein angiografi billeder, har i enkelte studier vist sig 

effektivt i behandlingen af patienter med diabetisk makulært ødem. Kombinationsbehandling med 

navigeret laser og VEGF hæmmere er dog ikke blevet undersøgt ved RVO. Ydermere ville det være 

ønskværdigt at identificere nye, non-invasive biomarkører til at prædiktere behandlingsbehov og 

behandlingsudfald, for at muliggøre individualiseret patientbehandling. 
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Formålet med nærværende ph.d. studie var således at udføre en opdateret, populationsbaseret 

analyse, baseret på danske registerdata, af risikoen for kardiovaskulære sygdomme og mortalitet 

associeret med: 1) RVO og 2) anti-VEGF behandling til RVO (studie A). 

Samt: 3) at evaluere effekten af navigeret central retinal laser i kombination med anti-VEGF 

behandling, på behov for genbehandling med anti-VEGF samt den funktionelle og strukturelle effekt 

af behandlingen, og 4) at vurdere hvorvidt nye non-invasive biomarkører kan bidrage til at prædiktere 

behandlingseffekten (Studie B) 

Metoder 

Studie A: Studiet var et prospektivt kohortestudie baseret på data fra de danske nationale registre fra 

år 1998 til 2018. Et substudie evaluerede associationer mellem RVO, CVD og mortalitet på en kohorte 

bestående af alle individer >40 år i perioden 1. januar 1998 til 31 december 2018. Et andet substudie 

evaluerede effekten af anti-VEGF behandling på risikoen for CVD og mortalitet, i en subgruppe af 

den overordnede kohorte, bestående af alle RVO patienter diagnosticeret fra 1. januar 2012 og frem. 

Vi benyttede Cox proportional hazards regressionsmodeller, justeret for mulige confoundere, og 

rapporterede resultaterne som hazard ratioer (HR) med 95% konfidensintervaller (CI). 

Studie B: Var et randomiseret, kontrolleret studie af patienter med behandlingsnaiv BRVO med 

makulært ødem. Alle inkluderede patienter modtog tre loading doser med intravitreal aflibercept, 

hvorefter den ene behandlingsarm (Gruppe A) modtog supplerende central navigeret laser efter en 

prædefineret behandlingsprotokol og den anden behandlingsarm (Gruppe B) ikke modtog 

laserbehandling. Begge behandlingsarme blev herefter fulgt med månedlige kontroller indtil måned 

12 og genbehandlet såfremt de opfyldte prædefinerede genbehandlingskriterier. Patienter fik 

månedligt foretaget visusmåling og scannet med optical coherence tomography (OCT). Herudover 

blev der foretaget OCT angiografi, retinal oximetri og mikroperimetri ved baseline, og mikroperimetri 

blev gentaget ved måned 12. Primære outcome var andel af patienter med behov for genbehandling 

efter loading fasen. 

Hovedresultater og konklusion 

Vi fandt at RVO patienter havde øget risiko for CVD som samlet endepunkt, samt for subgrupperne 

iskæmisk og non-iskæmisk CVD (HR 1.13 95% CI 1.09 til 1.17, HR 1.16 95% CI 1.11 til 1.21 and HR 

1.23 95% CI 1.15 til 1.33). Der var ingen udtalte forskelle mellem BRVO og CRVO patienter, men 

generelt højere risici hos de RVO patienter der var diagnosticeret efter 2011. I analysen af anti-VEGF 

behandlingens effekt på risiko for CVD og mortalitet fandt vi en signifikant øget risiko for intrakraniel 

blødning (HR 1.66, 95% CI 1.02 til 2.71), men i øvrigt ingen øget risiko for CVD eller mortalitet. Vi 

fandt en signifikant øget risiko for intrakraniel blødning associeret med behandlingen (HR 1.66, 95% 

CI 1.02 til 2.71). 

Til behandlingen af BRVO med makulært ødem, havde supplerende central navigeret laser ingen 

effekt på genbehandlingsbehov med anti-VEGF (procentdel af patienter uden behov for 

genbehandling efter måned tre var 71% (95% CI: 49% til 87%) og 80% (95% CI: 56% til 93%) i 
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henholdsvis Gruppe A og B, p=0.72). Der var ingen forskel mellem grupperne i antal injektioner efter 

måned tre (1 (0;3) og 2 (1;3), p=0.43), ændring i bedst korrigerede visus (+12.8 ± 9.4 bogstaver og 

+15.1 ± 9.4 bogstaver, p=0.48), ændring i central retinal tykkelse (-195 (-276;-145) µm og -181 (-

263;-157) µm, p=0.81) eller ændring i retinal sensitivitet (+3.3 ± 2.3 og +4.1 ± 3.5 dB, p=0.67). Den 

retinale arterielle saturation målt med retinal oximetri, tenderede til at prædiktere 

genbehandlingsbehov efter loading fasen (odds ratio 0.80 (95% CI 0.64 to 1.00), justeret areal under 

’receiver operating curve’ (AUC) 0.92, p=0.054), men ingen af de evaluerede biomarkører havde 

statistisk signifikant prædiktiv værdi. 

Vi konkluderede, at RVO patienter var i øget risiko for kardiovaskulære sygdomme, og at denne risiko 

var højere hos patienter diagnosticeret efter 2011 end før 2011. Desuden fandt vi at CRVO patienter, 

formentlig havde en lavere risiko for mortalitet forbundet med sygdommen, en hidtil antaget. Vi fandt 

at der er en øget risiko for intrakraniel blødning hos RVO patienter behandlet med anti-VEGF 

sammenholdt med de der ikke modtager behandling, som bør verificeres og kvantificeres i fremtidige 

studier, men derudover fandt vi behandlingen sikker på de øvrige endepunkter. 

Supplerende navigeret central laser til patienter med behandlingsnaiv BRVO og makulært ødem, 

nedsatte ikke behovet for genbehandling med anti-VEGF. Hvorvidt supplerende laser fortsat kunne 

være indiceret til subgrupper af patienter, f.eks. patienter med suboptimalt respons, eller patienter 

der ikke ønsker eller ikke kan medvirke til injektionsbehandling, bør undersøges nærmere. Retinal 

arteriel saturation målt med retinal oximetri, tenderer til at prædiktere om patienterne har 

genbehandlingsbehov efter loading fasen, og bør undersøges nærmere i kommende studier. Ingen 

af de øvrige nye non-invasive biomarkører havde signifikant prædiktiv værdi. 
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Abbreviations 
ATC: Anatomical therapeutic chemical code 

BCVA: Best corrected visual acuity 

BRVO: Branch retinal vein occlusion 

CCI: Charlsons comorbidity index 

CI: Confidence interval 

COPD: Chronic obstructive pulmonary 

disease 

CRT: Central retinal thickness 

CRVO: Central retinal vein occlusion 

CVD: Cardiovascular disease 

DCP: Deep capillary plexus 

DME: Diabetic macular edema 

DNPR: Danish national patient registry 

FAZ: Foveal avascular zone 

FFA: Fundus fluorescein angiography 

HR: Hazard ratio 

HRVO: Hemicentral retinal vein occlusion 

ICD: International classification of diseases 

OCT: Optical coherence tomography 

OCT-A: Optical coherence tomography 

angiography 

PRP: Panretinal photocoagulation 

RPE: Retinal pigment epithelium 

RVO: Retinal vein occlusion 

SCP: Superficial capillary plexus 

VEGF: Vascular endothelial growth factor 

Acronyms 
BRAVO: A Study of the Efficacy and Safety of Ranibizumab Injection in Patients With Macular 

Edema Secondary to Branch Retinal Vein Occlusion 

BRIGHTER: Efficacy and Safety of Ranibizumab With or Without Laser in Comparison to Laser in 

Branch Retinal Vein Occlusion 

BVOS: Branch Vein Occlusion Study 

CRUISE: A Study of the Efficacy and Safety of Ranibizumab Injection in Patients With Macular 

Edema Secondary to Central Retinal Vein Occlusion 

CVOS: Central Vein Occlusion Study 

EMA: European Medicine Agency 

ETDRS: Early Treatment Diabetic Retinopathy Study 

FDA: U.S. Food & Drug Administration 

HORIZON: An Extension Study to Evaluate Safety and Tolerability of Ranibizumab in Macular 

Edema Secondary to Retinal Vein Occlusion (Extension trial of BRAVO and CRUISE) 

SCORE: The Standard Care vs Corticosteroid for Retinal Vein Occlusion 
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1. Background 
1.1 The retina and retinal blood supply 

The retina is a transparent layer covering the inner surface of the eye containing neuronal, glial and 

vascular elements. Anatomically, it covers the posterior pole and extends anteriorly past the equator, 

to the ora serrata [1]. The neurosensory retina can be subdivided into ten histological layers as 

illustrated in Figure 1. The layers are formed by the distribution of photoreceptors as well as bipolar, 

horizontal, amacrine, inner plexiform, and ganglion cells. Light, entering the eye, travels through the 

inner layers of the retina to reach the photoreceptors, which contain light-sensitive photo pigments. 

Visual signals are then passed on through the bipolar and ganglion cells of the inner retina and via 

the ganglion cell axons to the visual cortex for processing. The retinal pigment epithelium (RPE), 

below the retina, serves several functions including phagocytosis of the outer segments of 

photoreceptors and absorption of light to reduce scatter [2].  

 
Figure 1 – Retinal histological structure in ten layers. Reproduced with permission from [3], Copyright Massachusetts Medical Society. 

The inner retina is perfused by four branches of the central retinal artery each supplying a retinal 

quadrant and dividing into superficial and deep capillary plexuses on either side of the inner nuclear 

layer. The supply by the central retinal artery extends approximately to the middle limiting membrane 

whereas the outer retina is supplied by the choriocapillaris (Figure 1 and 2)[2].Correspondingly, the 
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blood is drained through four quadrant branch veins to the central retinal vein and into the superior 

ophthalmic vein or directly into the cavernous sinus. Blood from the outer retina and choroid drains 

through the vortex veins into the superior and inferior ophthalmic artery and onwards into the 

cavernous sinus. Healthy retinal vessels maintain the inner blood-retinal barrier, while the RPE 

maintains the outer blood-retinal barrier. 

 

 
Figure 2 – Illustration of the ocular and retinal circulation. A: cut through the superior-inferior axis through the optic nerve 
and B: cross-section of the retina and choroid illustrating the different layers of retinal blood supply. a=artery, n=nerve, v=vein. 
Reprinted from Kur et al. [4] with permission from Elsevier (Drawings by Dave Schumick [5]) 

1.2 Retinal vein occlusion - the disease entity 

1.2.1 Epidemiology 

Retinal vein occlusions (RVO), being the second most common retinal vascular disease, affect 

millions of people worldwide [6]. A pooled study, including 68,751 individuals, found an overall 

incidence of 5.2 per 1000 for RVO overall, comprising 4.4 per 1000 for branch retina vein occlusion 

(BRVO) and 0.8 per 1000 for central retinal vein occlusion (CRVO) [7]. 

Prevalence of RVO increases significantly with increasing age, while no certain difference is 

associated with sex. Song et al. performed an epidemiological meta-analysis study of 22 studies and 

found that the prevalence increased from 0.3% in 30-39 years-olds to 3.4% in 80-89 year-olds [6]. 

The incidence and prevalence also varies with ethnicity; age- and sex-standardized prevalence was 

reported by Rogers et al. as 3.7 per 1000 in whites, 3.9 per 1000 in blacks, 5.7 per 1000 in Asians 

and 6.9 per 1000 in Hispanics [7]. 

1.2.2 Etiology 

Venous occlusions in general are considered a result of disturbance by one or more of three factors 

(The triad of Virchow): blood stasis, vessel endothelial injury and blood coagulability (Figure 3) [8]. In 
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RVO, stasis and endothelial injury are considered the primary pathophysiological factors, while 

coagulability most often plays a minor role. 

Retinal vein occlusion is a multifactorial disease, and the most commonly associated systemic risk 

factors include increasing age, arterial hypertension, hyperlipidemia and diabetes [9], with variance 

between different subtypes of RVO [10]. Controversy exist regarding other risk factors. In 

coagulability disorders, hyperhomocysteinaemia, Factor V Leiden and antiphospholipid syndrome 

have, among other thrombophilias, been associated with RVO [11,12], but systematic screening is 

not recommended. If ever, dysfunctional coagulability should primarily be considered in patients that 

are young, have accumulated venous occlusions or a family history of thromboembolism, and no 

cardiovascular risk factors of RVO [12]. 

1.2.3 Classification 

The disease is caused by a thrombus, occluding a retinal venule, in turn causing diminished or no 

drainage of blood from the area upstream of the affected vessel. A RVO is classified as either CRVO, 

hemi-central RVO (HRVO) or BRVO depending on the anatomic location. Following is a brief 

introduction to the characteristics of each RVO subtype.  

In CRVO, the occlusion is located in the central retinal vein and the entire retina is affected. The 

occlusion might be located near the lamina cribrosa or more posteriorly along the passing of the 

central vein through the optic nerve (See Figure 4). The location might affect the degree of 

compensative drainage through collaterals and thus the degree of ischemia [13]. 

  

 

Stasis 

Endothelial 
injury 

Hyper-
coagulability 

Figure 3 - Triad of Virchow illustrating the overall factors associated with venous thrombosis. 

Thrombosis 
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Figure 4 – Schematic presentation of the optic nerve blood supply (left) and the retinal artery and vein as a single 
trunk passing through the optic nerve (right). A= arachnoid, C=choroid, CRA=central retinal artery, Col. Br.= collateral 
branches, CRV= central retinal vein, CZ= circle of Zinn and Haller, D= dura, LC= lamina cribrosa, OD= optic disc, ON= optic 
nerve, PCA= posterior ciliary artery, PR= prelaminar region, R= retina, S= sclera, SAS= subarachnoid space. Reprinted from [13] 

with permission from Springer International Publishing. 

Hemi-central RVO occurs centrally, but affects only part of the retina. It has been interchangeably 

regarded as either CRVO or BRVO over time. Data indicate, that in terms of risk factors and 

complications it is a separate disease entity not corresponding to either CRVO or BRVO per se [14]. 

The phenotype might arise in patients where the second central retinal vein was not involuted during 

intrauterine life but persisted as two central veins [14]. It is located along the veins passing through 

the ophthalmic nerve posterior to or near the lamina cribrosa (see Figure 5), and the affected retinal 

area usually differs from 25-75%. In some literature, hemi-central RVO and hemispheric RVO are 

segregated, as the latter occurs at the hemi-veins passing over the rim of the optic disc anteriorly to 

the lamina cribrosa, and arguments that the first type is more closely related to CRVO while the 

second is more closely related to BRVO, though the distinction between these two types typically 

cannot be made clinically [15]. 

 
Figure 5 – Schematic presentation of two trunks of the central retinal vein passing through the optic nerve. A= 
arachnoid, C= choroid, CRA= central artery of retina, CRV= central retinal vein, D= dural sheath, LC= lamina cribrosa, OD= 
optic disc, ON= optic nerve, PR= prelaminar region, SAS= subarachnoid space, R= retina, S= sclera, P= pia mater. Reprinted 

from [13] with permission from Springer International Publishing. 
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In BRVO, the occlusion occurs proximate to the central retinal vein and can be located anywhere 

along the course of the branch vein from the outer retina to the optic disc. The occlusion almost 

always occurs where a retinal artery passes over a retinal vein, and the two vessels share an 

adventitial sheath [16,17] indicating that the anatomic effect of this arterio-venous crossing is an 

important factor in the pathophysiology. This is supported by the fact that the risk factors more 

prevalent in BRVO are associated with arteriosclerotic changes [18], which in turn increases stress 

on the concurrent vein of the shared adventitial sheath, resulting in stasis and/or endothelial damage 

of the vein. Branch RVOs are typically classified as either macular or major depending on anatomic 

location, and the two subtypes are associated with different prognoses[19]. If a BRVO only involves 

a small peripheral venule it might go unnoticed unless detected by routine eye examination. 

1.2.4 Retinal findings and ocular complications in retinal vein occlusion 

In the early phase of the disease, the retinal findings include tortuous, dilated veins in the affected 

area, intraretinal flame-shaped hemorrhages, cotton wool spots, retinal edema and occasionally hard 

exudates [20]. These changes slowly resolve, but often patients are left with persistent macular 

edema if untreated. Collateral vessels at the disc or enlarge to re-distribute blood flow (Figure 6), and 

affected veins might sclerose or present with peri-venous sheathing. 

 

 

Macular edema 

The physiologically dry interstitial spaces of the retina are maintained by a balance of osmotic forces, 

hydrostatic forces, capillary permeability and tissue compliance. The blood-retinal barrier is a pre-

requisite for maintaining this balance, as it controls protein and cell passage from the blood into the 

retinal tissue [21]. In RVO, the macular edema is thought to be a result of both changes in the 

hydrostatic forces, with increased venous pressure resulting in transudation of fluid and blood cells 

into the extracellular space along with increased pro-inflammatory cytokines and vascular endothelial 

growth factor (VEGF) causing further leakage [22]. VEGF A, a key regulator in the VEGF family, is 

Figure 6 – Fundus photography (left) and fundus fluorescein angiography photography (right) of a disc collateral 
vessel developed in a HRVO patient of the present study B. 
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an angiogenic growth factor, mediating its function by binding to the VEGFR-1 and VEGFR-2 

receptor. Its synthesis is upregulated by ischemia and inflammation, and it plays a main role in 

development and maintenance of macular edema in RVO [22]. 

Ischemia and neovascular complications  

Macular ischemia in RVO causes vision loss and results in irreversible damage to the RPE. Peripheral 

ischemia also causes irreversible damage, but not necessarily subjective symptoms unless 

complicated by neovascularization, vitreous hemorrhage or neovascular glaucoma. In both CRVO 

and BRVO, ischemia is present in varying degrees. Degree of spontaneous improvement is highly 

dependent on degree of ischemia as is the rate of complications [23]. Branch RVO may be divided 

into non-ischemic and ischemic type based on area of ischemia exceeding five disc diameters or not 

[24] on fundus photographs with a regular field of view. A similar classification exists in CRVO, most 

often delimited at an area of 10 disc diameters [25], but a series of clinical characteristics might depict 

the entity more precisely [23]. In BRVO, only ischemic patients are at risk of developing 

neovascularizations and in CRVO the risk of neovascular complications is significantly higher in 

ischemic than non-ischemic occlusions [23]. 

1.2.5 Retinal vein occlusion and cardiovascular morbidity and mortality 

Commonly known risk factors for RVO include several cardiovascular diseases (CVD), and it has 

been estimated in a large meta-analysis that RVO increases the risk of subsequently developing 

stroke, myocardial infarction, peripheral arterial disease and heart failure [26]. An increased risk of 

all-cause mortality might be present, but probably differs between BRVO and CRVO [26–28]. The 

correlation between RVO and CVD is expected to be a result of common risk factors.  

A Danish study group established an increased risk of several CVDs in both BRVO and CRVO 

patients along with an increased risk of mortality in CRVO patients [18,27,28], but no large studies 

have been conducted on recent data after the introduction of angiostatic treatment in 2011. 

1.3 Imaging in retinal vein occlusion 

1.3.1 Optical coherence tomography  

Optical coherence tomography (OCT), first introduced in 1991 [29], is a quick, non-invasive method 

of acquiring real-time, high-resolution images of retinal structure. It is based on technology that uses 

time-delay in laser reflectance of multiple longitudinal scans, known as A-scans, combined into a 

cross-sectional retinal structural image or B-scan [30]. In RVO with macular edema, as in several 

other retinal disorders, the modality has become a central part of diagnostics as well as evaluation of 

treatment effect, evident from the fact that most clinical studies have based inclusion and re-treatment 

criteria on OCT findings [31–41]. 
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1.3.2 Fundus fluorescein angiography 

Fundus fluorescein angiography (FFA) is the gold standard for the evaluation of vascular changes in 

RVO. The images are obtained by injection of a sodium fluorescein solution through a peripheral 

vein, followed by consecutive imaging, after excitation of the fluorescence, through filters on a fundus 

camera. Under normal conditions, when the blood-retinal barrier is intact, fluorescein cannot enter 

the neurosensory retina, and images are interpreted in early- mid- and late-phase images checking 

for abnormal hypo- and hyper-fluorescence [42]. Due to its invasive nature with injection of dye, the 

procedure includes risk of complications in form of e.g. localized reactions, urticaria, vasovagal 

response, gastrointestinal side effects, and rare but serious adverse anaphylactic events [43]. It has 

been utilized in RVO to visualize delayed venous filling, areas of retinal non-perfusion, macular 

ischemia, edema and leakage/extravasation of dye. However, in the initial disease phase, the method 

is limited by hemorrhages blocking the fluorescein dye.  

1.4 Treatment of retinal vein occlusion 

No causal treatment of RVO has been established, and no convincing evidence of an effect of 

anticoagulation or antiplatelet drugs exist [44]. Thus, current treatment targets sequelae of the 

occlusion rather than the occlusion itself.  

Laser photocoagulation was established in the treatment of BRVO decades back, and while several 

other treatments have been evaluated over the years, the first real breakthrough in treatment 

advancements came with intraocular injections of steroids soon to be followed by intravitreal VEGF 

inhibitors.  

1.4.1 Laser photocoagulation 

The laser wavelength determines the anatomic site of light absorption as well as scatter by media 

opacities, and is dependent of the lasing medium (i.e. gas, solid-state or liquid) [45]. Melanin in the 

RPE and choroid absorbs a broad spectrum of wavelengths, whereas xanthophylls in the fovea 

absorbs light in the yellow wavelength poorly, making yellow laser theoretically safer for treatment 

near the fovea where xanthophylls are highly concentrated [46]. Tissue effect can be either 

photocoagulative, photodisruptive (used in e.g. iridotomies, capsulotomies), photoablative (used in 

e.g. excimer) or photochemical (used in e.g. photodynamic therapy). In laser photocoagulation, the 

absorption of the laser light results in thermal energy, increasing temperature of the absorbing tissue, 

which in turn causes protein denaturation [46].  

The mechanism from which retinal laser photocoagulation exerts its effect in retinal diseases remain 

incompletely understood. Einar Stefánsson has suggested the oxygen theory which describes how 

laser scars decreases oxygen consumption and increases oxygen supply for the inner retina which 

in turn lowers VEGF production and activates arteriolar vasoconstriction decreasing formation of 

edema [47,48]. The effect of laser sets in gradually, but with long-term effect, as opposed to 

intravitreal treatment agents. 
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Safety of retinal laser photocoagulation is generally high. However, possible complications include 

heat transmission to the photoreceptors and atrophic creep of laser scars causing scotomas, rupture 

of Bruchs membrane causing subretinal hemorrhage and choroidal neovascularization, and fibrous 

reactions that can lead to retinal tears [49,50].  

The Branch Vein Occlusion Study (BVOS) and the Central Vein Occlusion Study (CVOS) became 

landmark trials in treatment of RVO in the late 1980’s. While the CVOS did not support a 

recommendation of macular grid laser in CRVO [51], the BVOS found that 65% of patients improved 

> 2 lines of vision in the grid laser treated group compared to 37% in the untreated group. This 

established macular grid laser as the standard of care for BRVO for more than two decades [52]. 

Furthermore, the studies established the effect of panretinal photocoagulation (PRP) in CRVO and 

retinal laser photocoagulation in the area of non-perfusion (sectoral PRP) in BRVO for treatment of 

retinal or iris neovascularizations to prevent vitreous hemorrhage [53,54]. 

The BVOS study, treated patients with argon green laser in a pattern over the area of capillary 

leakage within the vascular arcades avoiding the foveal avascular zone (FAZ). The treatment protocol 

in BRVO has not been formally updated to apply to contemporary standards in terms of laser settings, 

but the Early Treatment Diabetic Retinopathy Study (ETDRS) research group have supplied a 

modified focal/grid laser photocoagulation protocol for the treatment of DME, from which technical 

settings can be adapted to fit modern standards [55]. 

The navigated laser delivery system, NAVILAS® (OD-OS GmbH, Teltow, Germany), conducts retinal 

eye-tracking and laser stabilization for safer and more accurate application of laser burns [56]. While 

conventional laser delivery systems are slit-lamp based, this system is fundus-camera based. It can 

visualize a larger retinal area and allows for fundus illumination with infrared light for a more patient-

comfortable live fundus image. Treatment planning can be performed by image import of e.g. a 

fluorescein angiogram (Figure 7), and allows for precise targeting of treatment to leakage or localized 

pathology such as microaneurysms. The treatment plan is then overlaid on to the real-time retinal 

image, while treatment is semi-automatically performed – often without the need to use contact lens 

or topical anesthesia. The system first existed as a 532 nm (green) wavelength laser, and later 

produced as a 577 nm (yellow) laser. Navigated laser has been shown to improve precision and 

lower need for laser re-treatment [57]. 

1.4.2 Corticosteroids 

The utility of steroids in the treatment of macular edema due to RVO was established in the SCORE 

studies [31,37]. Triamcinolone acetonide versus standard of care proved effective in CRVO where 

26.5% and 25.6% (1 mg and 4 mg) of treated patients improved more than 15 letters from baseline, 

compared to 6.8% of controls. The SCORE-BRVO found no significant difference between sham and 

treatment arms. An extended-release dexamethasone was evaluated in the  
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GENEVA trial and found significantly faster improvement in visual acuity in treated versus controls, 

that was maintained after 180 days [58,59]. This treatment was approved specifically for use in RVO 

by the U.S. Food and Drug Administration (FDA) in 2009 [60] and by the European Medicines Agency 

(EMA) in 2010 [61]. The main safety concerns reported in the studies were raised intraocular pressure 

and increased risk of cataract. 

1.4.3 Anti-VEGF 

Revisiting the pathogenesis of macular edema in RVO, the increase in VEGF plays an important role 

in the formation and maintenance of retinal fluid accumulation. This importance is strongly supported 

by the profound effect of VEGF inhibitors in the management of RVO with macular edema. 

Judah Folkman was a pioneer within cancer research and introduced the concept of angiogenesis 

recruited by tumor cells, laying the grounds for therapeutic targeting of angiogenesis in cancer 

treatment [62]. The first documentation of increased VEGF levels in retinal diseases was reported in 

proliferative diabetic retinopathy [63] and in larger scale in DME and RVO [64] leading to the 

demonstration that blocking VEGF led to decrease in neovascularization in vivo, which was published 

in 1995 [65]. After this, pegabtanib was the first VEGF inhibitory agent developed for ophthalmic 

targets demonstrating efficacy in a phase III trial [66], but with limited efficiency compared to the 

standard-of-care for AMD at the time (verteporfin photodynamic therapy). Pegabtanib was soon 

followed by ranibizumab whose superiority was reported in the MARINA and ANCHOR studies in 

AMD in 2006 [67,68]. 

In RVO, efficacy and safety of the anti-VEGF agent ranibizumab was evaluated in the BRAVO and 

CRUISE trials establishing considerable effect on functional and structural outcomes in both CRVO 

and BRVO, with a reasonable safety profile[36,69]. It was approved by the FDA in 2010 and by EMA 

in 2011 and soon became the first line treatment for RVO with macular edema and loss of visual 

acuity, highly reducing the use of macular laser photocoagulation. However, intravitreal injections 

pose a risk of complications including inflammation, sight-threatening endophthalmitis and vitreous 

hemorrhage, and patients often need frequent injections over a longer period of time, which is 

Figure 7 – Photos from the integrated software of the Navilas® laser system, illustrating the function of overlay with 
fluorescein angiography (left), the pre-planning of positioning of laser spots and no-laser zones (middle) and the 
post-treatment photo of the actual applied treatment (right) of a macular BRVO patient from the present study B. 
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inconvenient and at a high cost for society. Also, we recently demonstrated that in many of the clinical 

trials of BRVO, a number of patients, ranging from six to 68 % between studies, still needed rescue 

laser treatment due to insufficient response to VEGF inhibitors, while others did not report the extend 

of use of rescue laser [70]. 

Currently, the primary agents utilized in the treatment of RVO in Denmark are ranibizumab and 

aflibercept. Ranibizumab is a recombinant, humanized, monoclonal antibody working by neutralizing 

all forms of VEGF A, while aflibercept is a larger fusion protein that inhibits both VEGF A, B and 

placental growth factor. The drugs differ in both intraocular and systemic pharmacokinetic properties 

[71]. Intravitreally delivered VEGF inhibitors have been found to enter the systemic circulation, and 

systemic VEGF suppression has been measured at a plasma concentration above IC50 (half 

maximal inhibitory concentration in vivo) 90 days after injection [72]. The systemic availability varies 

by choice of agent and, in some agents, accumulation of concentration over consecutive injections 

have been reported [72].  

In cancer treatment, the systemic risks of VEGF inhibitory treatment include gastrointestinal 

perforations, bleeding, hypertension and thromboembolic events [73]. Meanwhile, in ophthalmic 

treatment, the systemic concentrations are several hundred-fold lower [74], why implications can be 

speculated to be milder. Still, controversy exists regarding the cardiovascular risks in ophthalmic 

VEGF inhibitory treatment, with sporadic reports of increased risks in selected patient groups [75–

77]. Clinical trials are not powered to evaluate the risk of rare adverse events and most clinical trials 

have not included patients with high a priori risk of cardiovascular complications. Therefore, large 

population-based studies are warranted to confirm safety of the treatment [78]. 

1.4.4 Combination treatment 

The idea of combination treatment in BRVO patients arise from a desire to add on the retracted but 

long-term effect of macular laser photocoagulation, to the superior functional and structural outcomes 

of VEGF inhibitory treatment. Emphasizing potential need of alternative treatments, many trials of 

VEGF inhibitory agents were conducted with use of rescue laser [70], and up to one in two patients 

need long-term VEGF inhibitory treatment due to recurrences of macular edema[79]. Several 

attempts to evaluate combination therapy in BRVO have failed to establish an effect on re-treatment 

need [40,80,81], while one study reported positive results when applying grid laser one week after 

intravitreal injection [38]. In combination treatment of DME, navigated laser has shown promising 

results with lower number of injections compared to ranibizumab monotherapy [82], but this has never 

been studied in BRVO patients. 

1.4.5 Current clinical guidelines 

In Denmark, treatment of RVO is regulated by The Danish Medicines Council, a council regulating 

use of new medicines in Danish hospitals. The guideline from 2017 recommended aflibercept as first 

line treatment, followed by ranibizumab and dexamethasone as second and third line for RVO with 

central macular edema [83]. The treatment was recommended for patients with debut within 12 
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months and a visual acuity between 0.1 and 0.5 snellen (though only indicative), based on inclusion 

criteria in clinical trials. The only difference between CRVO and BRVO treatment recommendations 

was the possibility of supplementary central retinal laser in BRVO. The most recent guideline from 

2021, retain these recommendations, but emphasizes that choice of agent should be based on lowest 

market prize [84]. Furthermore, it recommends that the previous relative contraindication in patients 

with recent CVD should no longer be employed. The recommendation only depicts medical treatment 

of macular edema in RVO, and guidelines for treatment of other complications including 

neovascularizations can be found in e.g. recommendations/guidelines from the American Academy 

of Ophthalmology or the Royal College of Ophthalmologists (the United Kingdom) [85,86]. 

1.5 Predictors of treatment outcome 

From a socioeconomic aspect, it is preferable to limit overtreatment, especially when drugs or utensils 

for drug delivery are of high cost. More importantly, personalized or stratified medicine is a way of 

lowering iatrogenic adverse events, and optimizing patient outcomes. Retinal vein occlusion, as a 

multifactorial disease, is not optimal for genetically targeted treatments or therapeutics [87]. However, 

personalization in form of dosage optimization and patient-tailored follow-up regimens is within reach, 

if suitable biomarkers were discovered to guide clinicians in decision-making. Evaluating potential 

prognostic factors of interest is an early, but important, step in this process [88].  

1.5.1 Demographics and visual acuity 

Several demographics markers have been found to have prognostic value in RVO patients, as 

thoroughly reported in a recent review[89]. A cross-sectional study of BRVO patients in Korea find 

lower visual acuity in patients with female sex [90], and in a post hoc analysis of data from the 

HORIZON trial of RVO patients, male sex and lower age were associated with better visual outcomes 

after anti-VEGF treatment for BRVO [91]. The BRIGHTER study found that longer duration of RVO, 

was associated with poorer treatment outcome, and recommended early treatment initiation [80]. 

Baseline visual acuity is probably the most consistently reported and one of the strongest solitary 

markers of functional treatment outcome in RVO patients. Several studies reported better functional 

outcomes in RVO patients treated with anti-VEGF, when a higher baseline visual acuity was present 

[33,91–93].  

1.5.2 OCT-A 

Optical coherence tomography angiography (OCT-A) offers great prospect in providing similar 

markers of ischemia and retinal vascular changes as FFA, but in a non-invasive way without the use 

of contrast agents. Existing studies have already validated its use against FFA in RVO patients 

[94,95]. The OCT-A technology is based on OCT B-scans, where several consecutive B-scans can 

detect fluctuations in reflectance of light caused by the movement of blood cells from which a detailed 

image of perfused retinal vessels can be created, and even separated into four layers (superficial 

capillary plexus (SCP), deep capillary plexus (DCP), outer retina and choroid) [96]. In comparison, 
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FFA only visualizes the superficial vessels [97]. The commercially available OCT-A systems utilizes 

slightly different algorithms in the detection of blood movement [98], which might impact quantitative 

measurements, though performance overall is reasonable independent of system.  

Changes in quantitative OCT-A measures due to BRVO have been documented [99,100], and found 

to be correlated with visual acuity [101]. Only one existing study evaluated the predictive value of 

baseline OCT-A parameters in BRVO patients, finding higher vessel density at baseline to associate 

with higher visual acuity after 12 months [92].  

 

 

1.5.3 Retinal oximetry 

Retinal oximetry provides metabolic markers of the retina by quantification of retinal vessel hypoxia. 

A dual-wavelength retinal oximeter can simultaneously obtain two fundus images of the same part of 

the retina, by splitting the images into two different wavelengths of light (570 and 600 nm, 

respectively). Vessel brightness at one wavelength (600 nm) is affected by oxygen saturation, 

whereas not at the other wavelength (570 nm) allowing for a calculation of relative oxygen saturation 

of the vessel in question [102,103](Figure 8) . The method has been thoroughly described and well 

validated on healthy eyes [102], and has also been utilized in eyes with retinal diseases, including 

RVO, with good reproducibility [104,105]. Associations between oximetry measures and visual 

outcomes in CRVO patients have been demonstrated [106], while correlation with visual acuity at 

baseline, but no predictive value on visual acuity outcomes was found in a study of BRVO [107]. No 

Figure 9 – Image output of optical coherence tomography angiography of a patient from the present study B. From 
the top left is the superficial capillary plexus, the deep capillary plexus, the outer retina, and the choriocapillaris. From the 
bottom left is a regular OCT scan, an infrared fundus photograph, and a regular color fundus photograph. 
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studies have evaluated retinal vessel saturations as predictive markers of structural outcomes or 

need for re-treatment in patients with BRVO. 

 

 

1.5.4 Microperimetry 

Perimetry is a visual function assessment, systematically measuring retinal sensitivity to light stimuli 

at multiple locations within the visual field. Standard static automated perimetry is the most common 

form of perimetry, with light stimuli projected on a white background at different intensities to 

determine threshold values. Furthermore, fixation location and stability can be monitored. 

Microperimetry, also termed fundus-driven perimetry, utilizes a simultaneous tracing of the fundus, 

which enables evaluation of retinal morphology in relation to microperimetry measures. Furthermore, 

it enables measurement at the same anatomical location of the retina at repeated evaluations, even 

in patients with changes in fixation between visits [108](Figure 10). 

In patients with RVO, retinal sensitivity changes during treatment have been described and found to 

be correlated with both functional and structural measures [109]. Test-retest variability is relatively 

low, even in patients with retinal disease, which support the feasibility of retinal sensitivity as potential 

biomarker in RVO patients [110]. A small study of 16 patients with BRVO confirmed the ability to 

predict best corrected visual acuity (BCVA) outcomes at one months after bevacizumab treatment 

[111], but no studies of longer follow-up have evaluated the ability of baseline retinal sensitivity to 

predict treatment outcome or treatment need in BRVO patients.  

Figure 8 – Baseline fundus images acquired with the Oxymap T1 oximeter of a patient from the present study B. Top 
left: 570 nm image, Top right: 600 nm image, Bottom: Output of vessel tracing and relative oxygen saturation color map. 
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Figure 10 – Image output of retinal microperimetry as an overview (left) and zoomed (right) of a patient from the 
present study B. Colors from red to green indicate retinal sensitivity from low to high, while numbers indicate retinal 
sensitivity in dB from 0 to 37. The red circle shows the placement of the fixation target and the blue color indicates area of 
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2. Motivation 
As a clinician, receiving new patients invites reflection of risk factors, current disease, treatment and 

risk of complications. The present thesis is based on a wish to update existing knowledge, enabling 

clinicians to base their overall assessment and treatment of RVO patients on novel data reflecting 

the characteristics of the RVO patients we see in the clinic today, and if possible enhancing treatment 

options for a subgroup of these patients. In addition, as a researcher, it is of interest to ascertain 

previous findings along with exploring novel contributions on possible pathophysiological pathways, 

treatments or biomarkers.  

While associations between RVO and subsequent risks of cardiovascular disorders have been 

previously established, the Danish registry-based studies within the field were conducted many years 

back. Changes in treatment options have significantly altered how many and which patients are 

evaluated at Danish hospitals and thus registered in the national registries. If presence of risk factors 

in the current cohort of patients is different, then risk of complications need to be re-assessed. 

Furthermore, controversy exist regarding risks related to anti-angiogenic treatment in retinal 

diseases. While many clinical studies exist, there is a lack of confirming data on safety from 

population-based studies with power to detect rare events and properly reflect the characteristics of 

the common RVO patient.  

Knowing the disease, the risk factors, the treatment and the complications enhances our assessment 

of the RVO patients and our abilities in clinical decision-making. Rather than to rely on old habits it is 

intriguing and necessary to investigate novel treatment options or treatment regimens to continue 

advancements. This motivated the second part of the study – hoping to decrease need for treatment 

and thus number of treatment visits in BRVO patients and being able to identity treatment need and 

outcome based on novel biomarkers, paving the way for more individualized treatment regimens. 
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3. Objectives 
The aim of this thesis was to provide a contemporary analysis of the risk of cardiovascular diseases 

and mortality associated with retinal vein occlusion and the treatment of retinal vein occlusion, 

performed on recent Danish nationwide registry data to properly reflect the present cohort of retinal 

vein occlusion patients (Study A). Furthermore, we aimed to evaluate the prospects of navigated 

central retinal laser in lowering the need for vascular endothelial growth factor inhibitory treatment in 

patients with treatment-naïve branch retinal vein occlusion and macular edema, and evaluate the 

value of novel biomarkers in predicting the re-treatment need as well as structural and functional 

outcomes in these patients (Study B). 

 

Detailed objectives related to each paper was to: 

I: evaluate (a) the association between retinal vein occlusion and cardiovascular diseases and all-

cause mortality, (b) any potential differences in these associations between branch and central retinal 

vein occlusion, and (c) to compare these associations in retinal vein occlusion patients referred to 

Danish hospitals before and after the introduction of new treatment in 2011. 

II: evaluate the association between treatment with vascular endothelial growth factor inhibitors and 

risk of incident cardiovascular disease and all-cause mortality in patients with retinal vein occlusion, 

and whether this association was affected by selected risk factors. 

III: compare aflibercept and navigated laser versus aflibercept monotherapy in order to evaluate if 

the addition of navigated central retinal laser would reduce the treatment burden, while maintaining 

functional and anatomical efficacy within the first 12 months of treatment, and if navigated laser 

treatment affected retinal sensitivity measured by microperimetry. 

IV: evaluate the predictive value of retinal oximetry, optical coherence tomography angiography and 

microperimetry in determining treatment need and structural and functional treatment outcome after 

12 months, in patients with treatment-naïve branch retinal vein occlusion treated with vascular 

endothelial growth factor inhibitors. 
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4. Study A – paper I and II 
A substudy of the Danish Excellence Centre in Ophthalmic Epidemiology study  

(DECODE-EYE) 

4.1 Methods 

4.1.1 Data sources 

Data were obtained from three Danish nationwide registries: the Danish National Patient Registry 

(DNPR)[112], the Danish National Prescription Registry[113] and the Civil Registration System[114].  

The DNPR [112] contains registrations of all non-psychiatric admissions to the Danish hospitals since 

1977. Since 1995, all emergency room contacts along with non-psychiatric outpatient contacts and 

psychiatric in- and outpatient contacts have been recorded. At each contact, one primary and optional 

secondary diagnoses have been recorded according to the eight (1977-1993) and tenth (1994-) 

revision of the International Classification of Diseases (ICD)[115]. Registrations include diseases, 

examinations, surgery and selected in-hospital medical treatments. The DNPR has a very high overall 

accuracy and completeness [112].  

The Danish National Prescription Registry [113] includes records of all prescription drugs dispensed 

to Danish citizen since 1995. Data included in the study was drug type (categorized according to 

Anatomical Therapeutic Chemical (ATC) code [116]) and dispensing date. Only prescription drugs 

dispensed at community pharmacies are included in the registry, while drugs used during hospital 

admission or drugs supplied directly by the hospital are unrecorded. However, the latter only accounts 

for a minuscule proportion of prescription drugs used in Denmark [113]. 

The Civil Registration System contains data on vital status, marital status and the migration of all 

inhabitants in Denmark [114]. In addition, the registry contains the unique personal registration 

number, assigned to all inhabitants in Denmark, which allows for linkage on an individual level 

between registries [117].    

4.1.2 Study design and populations 

The study was a nationwide, population-based, cohort study on data from the Danish national 

registries. 

The overall population (paper I, Figure 11) consisted of all individuals alive and living in Denmark, 

being or becoming 40 years of age between January 1st 1998 and December 31st 2017.  

 



33 

 

 

 

The second population (paper II, Figure 11) was based on the overall population, and included all 

individuals with their first registration of RVO (ICD10: H348) between January 1st 2012 and December 

31st 2018. Exclusion criteria were registration of RVO prior to January 1st 2012 (ICD8: 37703, ICD10: 

H348), registration with anti-VEGF treatment (ICD10: KCKD05B) prior to entry date or a registered 

diagnostic code of diabetic macular edema (DME) (ICD10: H360K) or neovascular age-related 

macular degeneration (ICD10: H353J-K) at any time.  

4.1.3 Retinal vein occlusion 

Retinal vein occlusion was included as an overall variable, identified as a registration with the 

diagnostic code H348 including subgroups in the DNPR. When data were available, we identified 

BRVO (H348C) and CRVO (H348D or H348F) as separate subgroups. For baseline comparison only, 

a third subgroup was identified, including all anatomically unspecified RVO exposures (H348 without 

subgroup, H348A-B and H348E). If individuals were registered with a diagnostic code not linked to 

the anatomic location of RVO (H348, H348A, H348B or H348E), but had a diagnosis of BRVO or 

CRVO on the same eye within 12 months, they were categorized according to the diagnosis of BRVO 

or CRVO, under the assumption that the diagnosis was appertaining the same disease course. 

Individuals registered with a BRVO and later registered with CRVO or vice versa, were included in 

the overall group of RVO, but were not additionally assigned to a subgroup classification. Thus, 

subgroups remained “BRVO only” and “CRVO only” to allow for evaluation of differences in 

associations between these two different clinical entities. Only RVO registrations from departments 

Figure 11 – Flowchart of inclusion in study A overall. RVO= Retinal vein occlusion, CVD= Cardiovascular disease.  
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associated with ophthalmology as specialty were considered valid. The date of the first registered 

diagnostic code was considered the date of RVO diagnosis.  

4.1.4 Anti-VEGF 

Anti-VEGF treatment was defined as any registration with the procedure code for “intravitreal injection 

of angiostatic drug” (ICD10: KCKD05B). The date of first registration was the date of first exposure. 

4.1.5 Cardiovascular diseases 

Cardiovascular diseases were defined by diagnostic codes according to a pre-specified codebook 
(Appendix A). Inclusion of CVDs differed per substudy: 

Paper I 

Diagnoses of interest were chosen by review and consensus with a cardiovascular expert, based on 

a biologically plausible connection to RVO pathophysiology or risk factors.  

Secondary outcomes included subgroups of CVD classified into arterial ischemic diseases, non-

ischemic diseases and venous diseases. Subgroups of CVD included the following diagnoses:  

- Ischemic CVD: acute myocardial infarction (MI), atherosclerotic heart disease, coronary 

artery bypass graft, ischemic stroke (including transitory ischemic attack), peripheral arterial 

disease (PAD) and other arterial occlusions 

- Non-ischemic CVD: non-ischemic heart failure, idiopathic pulmonary hypertension, atrial 

fibrillation, atrial flutter, intracranial hemorrhage (including hemorrhagic stroke), aortic 

dissection, aortic dilation/aneurysm, aortic stenosis 

- Venous diseases: deep venous thrombosis, pulmonary embolism, cerebral venous 

thrombosis and chronic thromboembolic pulmonary hypertension 

Paper II 

Diagnoses of interest were chosen based on the known side-effects of anti-VEGF in oncology and 

the existing controversy on CVD side effect in ophthalmology. In addition, we considered each 

diagnosis’ clinical relevance, since a certain severity of the CVD was considered necessary for 

findings to affect the ophthalmologists’ choice of treatment.  

As secondary outcomes, subgroups of the composite CVD diagnoses were defined as MI, heart 

failure, ischemic stroke (including transitory ischemic attack), intracranial hemorrhage (including 

hemorrhagic stroke) and PAD. 

Overall 

Diagnostic codes were modified from Hvidberg et al. [118] and existing cardiovascular studies based 

on DNPR data [119–125]. The date of the first registered diagnostic code was considered the date 

of CVD diagnosis.  
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Individuals were excluded from each overall and subgroup analysis if they had any record of the 

outcome variables in question prior to entry date. Thus, when examining e.g. ischemic CVD as 

outcome, patients with a record of any of the ischemic CVD diagnostic codes prior to cohort entry 

date were excluded from that specific analysis. 

Existing literature, validating the CVD diagnostic codes in the DNPR was reviewed with positive 

predictive values between 69% and 100% [119,122,123,125–128].  A few cardiovascular diagnoses 

have been recorded with positive predictive values between 69 and 80%, including heart failure and 

peripheral arterial disease [119,122,123]. To increase specificity of these diseases in the study, we 

demanded that these diagnostic codes should be given as primary diagnoses (i.e. the main reason 

for the registered hospitalization or outpatient contact). Several studies have reported higher validity 

of diagnostic codes, when limited to primary diagnoses [119,122,123,126]. 

4.1.6 All-cause mortality 

All-cause mortality was defined by a registration of death in the civil registration system (code 90). 

4.1.7 Covariates 

We selected covariates based on a priori knowledge and in study II also by directed acyclic graphs 

(Appendix B). Covariate variables were sex (male/female), age at entry (paper I: continuous, paper 

II: five-year categories), index year (1998-2017, continuous), marital status at entry (never married, 

married/cohabiting, widowed) and comorbidities. Comorbidities included arterial hypertension, 

diabetes mellitus, chronic obstructive pulmonary disease (COPD) and comorbidities from the 

Charlsons Comorbidity Index (CCI) [129–131] (excluding diabetes mellitus and COPD as these were 

separately defined). All comorbidities were defined by diagnostic codes modified from Hvidberg et 

al.[118] and an existing study on DNPR data [132](See Appendix A for details). Arterial hypertension, 

diabetes mellitus and dyslipidemia were defined by diagnostic codes and/or registration of 

prescription drugs, to include patients with mild disease that might not have been registered in the 

DNPR because they were followed up in the primary care service in Denmark. 

4.1.8 Statistical analysis 

Baseline and demographic characteristics were presented as median and quartiles (25;75 percentile) 

for continuous variables and counts and proportions for categorical variables. 

An overview of study population, exposure, outcome, selected covariates and primary and secondary 

analyses for each substudy is listed in Table 1.  

All statistical analyses were carried out using Stata version 17 (StataCorp, College Station, TX). 

  



36 

 

 Paper I Paper II 

Design Nationwide, registry-based cohort study Nationwide, registry-based cohort study 

Population 
Danish citizens >40 years of age, alive and 

living in Denmark 

Danish citizens >40 years of age, alive and 
living in Denmark and registered with a 

diagnostic code of RVO within the follow-up 
period 

Follow-up period January 1st 1998 to December 31st 2018 January 1st 2012 to December 31st 2018 

Exposure 
Incident RVO  

Anti-VEGF 
Subgroups: BRVO and CRVO  

Outcomes 

Incident CVD (ischemic CVD, non-ischemic 
CVD and venous diseases) 

Incident CVD ( MI, heart failure, ischemic 
stroke, intracranial hemorrhage and PAD) 

All-cause mortality All-cause mortality 

Covariates 
Sex, age at entry, index year, marital status at 

entry and comorbidities 
Sex, age at entry, marital status at entry and 

comorbidities 

Statistical method Cox proportional hazards regression analysis Cox proportional hazards regression analysis 

Supplementary 
analyses 

Subgrouped analyses (BRVO/CRVO and 
RVO exposed prior to/after 2011), interaction 

analyses (sex, age), sensitivity analysis 
(definition of hypertension) 

Subgrouped analyses (cumulative number of 
doses received and intensively treated 
patients), stratified analyses (sex, age,  

diabetes), sensitivity analysis (definition of 
hypertension) 

 

Paper I 

Cohort entry date was January 1st 1998 for all individuals above 40 years of age, at that time point, 

and the date of their fortieth birthday for those turning 40 years of age after January 1st 1998. We 

followed the cohort until December 31st 2018 allowing for at least one year of potential follow-up time 

in all included individuals.  

Lag-time period 

A lag-time period of 90 days was implemented from date of RVO exposure until a registration of 

incident CVD was considered valid. This was done to account for any pre-existing CVD that had gone 

undetected and was incidentally diagnosed due to a general health examination of the RVO patient 

at the time of diagnosis, but could not be considered a result of the RVO exposure. Individuals that 

experienced an incident CVD during the lag-time period were censored the day prior to the event. 

Primary outcome analysis 

For primary outcome analysis we fitted a Cox proportional hazards model to evaluate hazards of CVD 

and all-cause mortality in individuals with RVO compared to those without RVO, presenting a crude, 

semi-adjusted and fully adjusted hazard ratio (HR) with 95% CI. RVO as exposure was included as 

time-varying variable, changing from unexposed to exposed at the first registration of RVO. All 

comorbidities were adjusted for as binary (yes/no) at baseline and as binary time-varying covariates, 

changing status from “not present” to “present” at the date of first diagnosis during follow-up. Date of 

origin was the date the person turned 40 years of age, and number of days since date of origin was 

Table 1 – Overview of study characteristics of each substudy of study A. RVO= retinal vein occlusion, BRVO= branch 
RVO, CRVO= central RVO, VEGF= vascular endothelial growth factor, CVD= cardiovascular disease, MI= Myocardial 
infarction, PAD= peripheral arterial disease, 
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set as the underlying timeline. All individuals were followed until either CVD, emigration, death or end 

of study, whichever occurred first. Along with HRs, we reported number of events, total risk time, and 

event rates.  

Secondary outcome analysis 

In secondary outcome analysis, we performed a multivariate Cox proportional hazards analysis 

identical to the primary outcome analysis model, but separately for “BRVO only” and “CRVO only” as 

exposure variables. Likewise, we performed a multivariate Cox proportional hazards analysis 

identical to the primary outcome analysis model, but separately for RVO diagnoses grouped as 

registered prior to and after March 17th 2011, since this was the date of approval, by the European 

Medicines Agency, of RVO as indication for VEGF inhibitory treatment in the European Union 

including Denmark. 

Since arterial hypertension is a very prominent risk factor for both RVO and CVD, we wished to 

evaluate if the rather stringent definition of hypertension, defined as such to ensure high specificity, 

had significant effect on the results as compared to a less restrictive definition. Thus, we performed 

a sensitivity analysis comparing results of the primary outcome analysis with our pre-defined 

definition of hypertension (see Appendix A) to the results of a similar primary outcome analysis, but 

with hypertension less restrictively defined as: one registration of hypertension diagnostic codes (see 

codebook) and/or two registrations of at least one antihypertensive drug within one year. 

All regression model analyses were tested for interaction with sex and age.  

Paper II 

Cohort entry date was the date of the first registration of RVO in DNPR and all patients were followed 

up until December 31st 2018. 

Primary outcome analysis 

In primary outcome analysis, using a multivariate Cox proportional hazards model, we evaluated 

hazards of CVD and all-cause mortality in RVO patients treated with anti-VEGF to those not treated 

with anti-VEGF and presented results as crude, semi-adjusted and fully adjusted HR with 95% CI 

along with number of events, total risk time and event rates. We utilized a time-varying anti-VEGF 

exposure variable, where patients changed status from unexposed to exposed at date of first anti-

VEGF exposure. All comorbidities were adjusted for as binary (yes/no) at baseline and as binary 

time-varying covariates, changing status from “not present” to “present” at the date of first diagnosis 

during follow-up. Date of RVO was the date of origin and number of days since date of origin was the 

underlying timeline. All individuals were followed until either CVD, emigration, death or end of study, 

whichever occurred first. The assumption of proportional hazards was tested using Schoenfeld 

residuals. 
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Secondary outcome analysis 

In secondary outcome analysis we performed a multivariate Cox proportional hazards analysis 

identical to the primary outcome analysis model grouped by number of cumulative doses received 

(1-3;4-8;>8), and intensively treated (yes;no), and stratified by sex (male;female), age (<70years; ≥70 

years), and diabetes (yes;no). 

Intensively treated was defined by ≥ nine intravitreal anti-VEGF injections within 12 months. If status 

of intensively treated was obtained, it persisted for 90 days after the last injection that fulfilled the 

intensively treated criteria, and patients were allowed to switch between intensively treated and not 

intensively treated throughout the study duration. 

We further conducted a secondary analysis of a multivariate Cox proportional hazards model identical 

to the primary outcome analysis, but allowing patients with previous CVD into the cohort. This was 

performed on both CVD as composite endpoint, and for each of the CVD subgroups. Results were 

stratified by previous CVD and no previous CVD. 

As in paper I, we conducted sensitivity analysis on the primary outcome analysis model, evaluating 

effect of changing the hypertension covariate to a less restrictive definition. 

4.1.9 Ethical approval 

No ethical approval is required for registry-based research in Denmark. Permission was granted by 

the Danish Health Data Authority (FSEID-00004087) and the Region of Southern Denmark's record 

of data processing activities (journal number 19/7775). 

 

4.2 Results - paper I 

We included 4,196,821 individuals alive and living in Denmark, being or becoming over 40 years of 

age between January 1st 1998 and December 31st 2018. Of these, 2,040 had RVO prior to cohort 

entry and were excluded, leaving 4,194,781 individuals in the overall cohort. For analyses in 

subgroups of CVD we excluded 324,517; 235,832; 99,698 and 44,071 in all CVD, ischemic CVD, 

non-ischemic CVD and venous disease analysis, respectively, due to previous registration of one of 

the outcome diagnostic codes in question (Figure 12). 
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Figure 12 – Flowchart of inclusion in details for paper I. RVO= Retinal vein occlusion, CVD= Cardiovascular disease. 
Reprinted from paper I [133]. 

At baseline, 4,194,781 included individuals were median 45.6 (40.0;59.9) years and 51.0% were 

females. Median age at diagnosis of RVO was 71.8 (63.0;79.4) years. Individuals with RVO had a 

numerically higher degree of comorbidity, with 4.8% having a CCI score 1 and 4.9% having a CCI 

score 2 versus 4.1% and 4.5% in never exposed. Also, a numerically higher prevalence of 

hypertension (69.4% vs 35.1%), dyslipidemia (50.5% vs. 25.4%), diabetes (18.6% vs. 10.7%) and 

smoking-related disease (10.0% vs. 5.7%) was observed in RVO exposed versus never exposed 

(Table 2). 

  RVO exposure 
 All  RVO exposed Never exposed 
  (n=4,194,781) (n=15,665)  (n=4,179,116) 
Sex     

Male 2,054,446(49.0) 7,729(49.3) 2,046,717(49.0) 
Female 2,140,335(51.0) 7,936(50.7) 2,132,399(51.0) 

Age at indexdate, years 45.6(40.0;59.9) 58.8(49.9;67.7) 45.6(40.0;59.9) 
Age at RVO diagnosis, years 71.8(63.0;79.4) 71.8(63.0;79.4) NA 
Number of incident RVO diagnoses, 
mean no. per year     

1998-2010 547 547 NA 
2011-2018 1,070 1,070 NA 

Charlsons comorbidity index score    
0 (low) 3,781,035(90.1) 13,961(89.1) 3,767,074(90.1) 
1 172,558(4.1) 746(4.8) 171,812(4.1) 
2 190,059(4.5) 774(4.9) 189,285(4.5) 
>3 (high) 51,129(1.2) 184(1.2) 50,945(1.2) 

Comorbid conditions    
Arterial hypertension 1,479,292(35.3) 10,866(69.4) 1,468,426(35.1) 
Dyslipidemia 1,067,567(25.4) 7,907(50.5) 1,059,660(25.4) 
Diabetes 451,372(10.8) 2,913(18.6) 448,459(10.7) 
Smoking-related disease 239,047(5.7) 1,569(10.0) 237,478(5.7) 

Table 2 – Baseline characteristics of all participants, RVO exposed, and never exposed. Data presented as median 
(25%;75% percentile) for continuous variables and count (%) for categorical variables. RVO= Retinal vein occlusion, NA= Not 
applicable. Reprinted from paper I [133]. 
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In subgroups of “BRVO only” and “CRVO only” at baseline, we found a higher proportion of females 

(52.1% vs. 46.1%) and younger age (median 54.0 (45.8;61.8) years vs. 56.9 (48.0;64.3) years) in 

BRVO patients than CRVO patients. A lower proportion of BRVO patients had increased CCI scores 

(CCI=1: 3.6% vs. 3.8%; CCI=2: 2.9% vs. 3.6%; CCI=3: 0.5% vs. 0.7%) compared to CRVO patients. 

Slightly higher prevalence of hypertension and dyslipidemia, and lower prevalence of smoking-

related disease was present in BRVO patients compared to CRVO patients. In the group of 

unspecified RVO, a higher level of all comorbidities except dyslipidemia existed (Table 3) when 

compared to both BRVO and CRVO subgroups. 

 

  RVO subgroups 

 
All RVO 
exposed 

BRVO exposed CRVO exposed  
Unspecified 

RVO exposed  
  (n=15,665) (n=3,683) (n=2,846) (n=9,136) 
Sex     

Male 7,729(49.3%) 1,763(47.9%) 1,534(53.9%) 4432(48.5%) 
Female 7,936(50.7%) 1,920(52.1%) 1,312(46.1%) 4704(51.5%) 

Age at indexdate years 58.8(49.9;67.7) 54.0(45.8;61.8) 56.9(48.0;64.3) 61.6(52.3;70.7) 
Age at RVO diagnosis years 71.8(63.0;79.4) 71.1 (62.6;78.4) 73.0 (64.1;80.5) 71.7 (62.9;79.4) 
Number of incident RVO diagnoses, 
mean no. per year     

1998-2010 547 32 41 474 
2011-2018 1,070 409 289 372 

Charlsons comorbidity index score     
0 (low) 13,961(89.1%) 3,421(92.9%) 2,614(91.8%) 7926(86.8%) 
1 746(4.8%) 134(3.6%) 108(3.8%) 504(5.5%) 
2 774(4.9%) 108(2.9%) 103(3.6%) 563(6.2%) 
>3 (high) 184(1.2%) 20(0.5%) 21(0.7%) 143(1.6%) 

Comorbid conditions     
Arterial hypertension 10,866(69.4%) 2,438(66.2%) 1,867(65.6%) 6561(71.8%) 
Dyslipidemia 7,907(50.5%) 1,980(53.8%) 1,476(51.9%) 4451(48.7%) 
Diabetes 2,913(18.6%) 636(17.3%) 500(17.6%) 1777(19.5%) 
Smoking-related disease 1,569(10.0%) 280(7.6%) 271(9.5%) 1018(11.1%) 

Table 3 – Baseline characteristics of all RVO exposed and subgrouped into BRVO only, CRVO only, and unspecified 
RVO exposed. Data presented as median (25%;75% percentile) for continuous variables and count (%) for categorical 
variables. RVO= Retinal vein occlusion, NA= Not applicable. Reprinted with modification from paper I [133] 
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Number of incident registrations of RVO was gradually increasing throughout the study period from 

468 in 1998 to 1109 in 2017, with a sudden considerable increase from 2010 to 2012 (Figure 13). 

 
Figure 13 – Number of incident registrations of retinal vein occlusion in the Danish National Patient Registry during 
the study period. Reprinted with modification from paper I, supplementary [133]. 

Primary outcome results of Cox regression analysis show increased risk of CVD as an overall 

outcome (HR 1.13, 95% CI 1.09 to 1.17) and increased risk of ischemic (HR 1.16, 95% CI 1.11 to 

1.21) and non-ischemic CVD (HR 1.23, 95% CI 1.15 to 1.33) associated with RVO exposure. 

Meanwhile, we found no increased risk when evaluating venous disease or all-cause mortality (Figure 

14 and Appendix C1).  

 
Figure 14 – Hazard ratios, number of events, and person-years at risk (PYR) of CVDs and all-cause mortality in patients 
with RVO compared to individuals without RVO. No. of events/PYR represents exposed individuals. RVO= Retinal vein 
occlusion, CVD= Cardiovascular diseases. Reprinted with modification from paper I [133]. 

In secondary outcome analysis, we reported significantly increased risks of composite CVD and the 

subgroup of ischemic CVD in both BRVO and CRVO patients as well as increased risk of non-

ischemic CVD in BRVO patients. Risk of CVD was generally slightly higher in BRVO than CRVO 

patients. Most prominent difference between BRVO and CRVO patients was a higher all-cause 

mortality risk in CRVO compared with no RVO patients (HR 1.12, 95% CI 1.04 to 1.21) than in BRVO 

compared with no RVO patients (HR 0.95, 95% CI 0.87 to 1.03) (Figure 15 and Appendix C2-C3). 
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Figure 15 – Hazard ratios, number of events, and person-years at risk (PYR) of CVDs and all-cause mortality in patients 
with BRVO or CRVO compared to individuals without RVO. No. of events/PYR represents exposed individuals. BRVO= 
Branch retinal vein occlusion, CRVO= Central retinal vein occlusion, CVD= Cardiovascular diseases. Reprinted with modification from 
[133]. 

When evaluating risk of composite CVD, subgroups of CVD, and all-cause mortality in RVO patients 

grouped into patients registered prior to 2011 and patients registered after 2011, we found slightly 

higher risk of composite CVD (HR 1.19, 95% CI 1.11 to 1.28 vs. HR 1.10, 95% CI 1.06 to 1.15) though 

statistically insignificant. This was driven by a significantly higher in risk of non-ischemic CVD after 

2011 (HR 1.24, 95% CI 1.15 to 1.33 vs. HR 1.06, 95% CI 1.01 to 1.12), while no difference in risk 

was found in ischemic CVD and venous disease. Risk of all-cause mortality after 2011 did not differ 

when compared to all-cause mortality prior to 2011 (Figure 16 and Appendix C1). 

 

Figure 16 – Hazard ratios, number of events, and person-years at risk (PYR) of CVDs and all-cause mortality in 
patients with RVO compared to individuals without RVO prior to and after March 17th 2011. No. of events/PYR 
represents exposed individuals. RVO= Retinal vein occlusion, CVD= Cardiovascular diseases. Reprinted with modification from [133] 

Branch RVO and CRVO patients overall exhibited the same tendencies before and after 2011 in 

regards to risk of a composite CVD outcome and subgroups of CVD. Slightly higher risk of CVD 

overall, ischemic CVD and non-ischemic CVD, but lower risk of venous disease was observed in 

patients registered after 2011 (Figure 17 and Appendix C2-C3). Risk of all-cause mortality was 

significantly lower in CRVO patients registered after 2011 compared to CRVO patients registered 
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before 2011 (HR 0.97, 95% CI 0.87 to 1.07 vs. HR 1.41, 95% CI 1.25 to 1.58) (Figure 17 and Appendix 

C2-C3).  

 

 
Figure 17 – Hazard ratios, number of events, and person-years at risk (PYR) of CVDs and all-cause mortality in patients 
with BRVO or CRVO compared to individuals without RVO prior to and after March 17th 2011. No. of events/PYR 
represents exposed individuals. BRVO= Branch retinal vein occlusion, CRVO= Central retinal vein occlusion, CVD= 
Cardiovascular diseases. Reprinted with modification from [133] 

Conclusion on results of Cox proportional hazards regression model with two different definitions of 

hypertension was unaltered when performing sensitivity analysis, but results were slightly more 

prominent with the less stringent definition (Table 4).  

   
 Hypertension covariate 

  
With current 

definition 
With less stringent 

definition 
CVD   

Adjusted HR (95% CI) 1.13 (1.09;1.17) 1.20 (1.03;1.28) 
Ischemic CVD   

Adjusted HR (95% CI) 1.16 (1.11;1.21) 1.24 (1.18;1.29) 
Non-ischemic CVD   

Adjusted HR (95% CI) 1.23 (1.15;1.33) 1.24 (1.15;1.34) 
Venous disease   

Adjusted HR (95% CI) 0.99 (0.90;1.09) 1.01 (0.92;1.11) 
All-cause mortality   

Adjusted HR (95% CI) 1.01 (0.98;1.03) 1.02 (1.00;1.05) 

 

  

Table 4 – Hazard ratios CVDs and all-cause mortality in patients with RVO compared to individuals without RVO 
presented as fully adjusted models with two different definitions of arterial hypertension as covariate. Presented as 
hazard ratio (HR) (95% confidence interval). Model adjusted for sex, age at entry, index year, marital status at entry, diabetes, 
hypertension, chronic obstructive pulmonary disease, dyslipidemia and Charlsons comorbidity index conditions. CVD= 
Cardiovascular diseases. 
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4.3 Results - paper II 

Of 15,665 eligible patients, 7,966 were excluded due to registration of RVO between 1998 and 2012 

and 464 were excluded due to prior anti-VEGF treatment or presence of neovascular age-related 

macular degeneration or DME, leaving 7,235 patients in the overall cohort. In CVD subgroup 

analyses we excluded 1,352; 445; 240; 93; 571 and 315 patients in composite CVD, MI, heart failure, 

intracranial hemorrhage, ischemic stroke and PAD analysis, respectively, due to previous registration 

of the outcome diagnostic codes in question (Figure 18). 

 

 

The included RVO patients consisted of 50.1% females and had a median age of 71.9 (63.7;79.5) 

years with a higher proportion of males in exposed, than unexposed (Table 5). No differences 

between groups were found in marital status. In CCI score, 65.9% had score 0 with a tendency to 

slightly lower scores in exposed than unexposed (score 0: 66.7% vs 65.1%, respectively), and a lower 

proportion of exposed than unexposed had registrations of the evaluated comorbid conditions at 

baseline. Only exception was for intracranial hemorrhage, where a slightly higher proportion of 

exposed (2.4%) than unexposed (2.0%) had registrations at baseline. 

Median time to anti-VEGF exposure was 12 (2;37) days, and proportion of anti-VEGF exposed RVO 

patients, that were ever classified as intensively treated according to pre-specified criteria, were 8.7% 

(Table 5). 

  

Figure 18 – Flowchart of inclusion in details for paper II. RVO= Retinal vein occlusion, CVD= Cardiovascular disease, 
MI=Myocardial infarction, PAD=Peripheral arterial disease. Reprinted from paper II. 
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  Anti-VEGF exposure 

Characteristic 
All RVO patients 

(n=7,235) 
Exposed 
(n=3,508) 

Not exposed 
(n=3,727) 

Sex    

Male 3,612 (49.9%) 1,815 (51.7%) 1,797 (48.2%) 
Female 3,623 (50.1%) 1,693 (48.3%) 1,930 (51.8%) 

Age at indexdate, years 71.9 (63.7;79.5) 72.0 (64.1;79.0) 71.8 (63.1;79.8) 
Time to anti-VEGF exposure, days 12 (2;37) 12 (2;37) NA 
Ever intensively treated*: 306 (4.2%) 306 (8.7%) NA 
Marital Status, baseline    

Never married 601 (8.3%) 277 (7.9%) 324 (8.7%) 
Married or living 
together 

4,105 (56.7%) 2,018 (57.5%) 2,087 (56.0%) 

Divorced or widowed 2,529 (35.0%) 1,213 (34.6%) 1,316 (35.3%) 
Charlsons comorbidity index 
score, baseline 

   

0 (low) 4,769 (65.9%) 2,341 (66.7%) 2,428 (65.1%) 
1 827 (11.4%) 411 (11.7%) 416 (11.2%) 
2 1,016 (14.0%) 483 (13.8%) 533 (14.3%) 
>3 (high) 623 (8.6%) 273 (7.8%) 350 (9.4%) 

Comorbid conditions, baseline    

Arterial hypertension 4,650 (64.3%) 2,242 (63.9%) 2,408 (64.6%) 
Dyslipidemia 3,819 (52.8%) 1,815 (51.7%) 2,004 (53.8%) 
Diabetes 1,191 (16.5%) 569 (16.2%) 622 (16.7%) 
Smoking-related 
diseases 

553 (7.6%) 256 (7.3%) 297 (8.0%) 

Myocardial infarction 570 (7.9%) 268 (7.6%) 302 (8.1%) 
Heart failure 395 (5.5%) 173 (4.9%) 222 (6.0%) 
Ischemic stroke 803 (11.1%) 334 (9.5%) 469 (12.6%) 
Intracranial hemorrhage 159 (2.2%) 84 (2.4%) 75 (2.0%) 
Peripheral arterial disease 432 (6.0%) 172 (4.9%) 260 (7.0%) 

  

The incidence of RVO registered in the DNPR was slightly increasing throughout the study period 

(990 in 2012 to 1110 in 2018). Meanwhile, during the six years follow-up time, the number of 

incident VEGF treatments was steadily increasing, indicating an increasing proportion of RVO 

patients starting treatment with anti-VEGF (Figure 19). RVO patients that received anti-VEGF 

treatment, received a median 6 (3;11) injections over their complete treatment duration which was 

median 2 (1;3) years. Median number of injections per patient per year was 4 (2;5), which only 

changed slightly from year 2012 to year 2014 (from median 3 (2;5) to median 4 (2;5)), after which it 

was nearly steady at median 4 (2;5). The total number of RVO patients in ongoing anti-VEGF 

treatment was increasing over the study period (from 586 in 2012 to 1927 in 2018) along with a 

drastically increasing number of total anti-VEGF treatments for RVO patients per year throughout 

the study period (Figure 19). 

 

Table 5 – Descriptive characteristics of RVO patients entering the study and separately for exposed and not exposed 
to anti-VEGF treatment. Data presented as median (25%;75% percentile) for continuous variables and count (%) for 
categorical variables. VEGF= Vascular endothelial growth factor, RVO= Retinal vein occlusion, NA= Not applicable. Reprinted 
from paper II. 
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In primary outcome analysis, we found no increased risk of either a composite CVD endpoint (HR 

1.07, 95% CI 0.89 to 1.29) or all-cause mortality (HR 0.88, 95% CI 0.77 to 1.00) (Table 6). No 

increasing risk with increasing cumulative doses of anti-VEGF was reported in either composite CVD 

or all-cause mortality, whereas a decreasing risk of all-cause mortality was observed with higher 

cumulative number of injections (Table 7). 

 

Outcome 
anti-

VEGF 
exposure 

Follow-
up 

(PYR) 

CVD 
outcomes 

(n) 

Incidence 
rate (/1000 

PYR) 
Crude HR Adjusted HR* 

Fully adjusted 
HR** 

Composite 
CVD 

No 9,880 250 25.3 ref. ref. ref. 
Yes 8,127 213 26.2 1.05 (0.88;1.27) 1.03 (0.86;1.24) 1.07 (0.89;1.29) 

All-cause 
mortality 

No 12,513 587 46.9 ref. ref. ref. 
Yes 9,995 375 37.5 0.79 (0.69;0.90) 0.81 (0.71;0.92) 0.88 (0.77;1.00) 

 

  

Figure 19 – Incidence of RVO and incidence of anti-VEGF treatment in RVO patients (left) and the total number of 
registered anti-VEGF treatments for RVO patients (right) in Denmark per year of the study period. RVO= Retinal vein 
occlusion, VEGF= vascular endothelial growth factor inhibition.  

Table 6 - Association between anti-VEGF treatment and risk of composite cardiovascular disease (CVD) and all-
cause mortality in patients with retinal vein occlusion. Presented as crude, semi-adjusted and fully adjusted hazard 
ratios (HR) (95% confidence interval) along with number of events, person-years at risk and incidence rates. *= Adjusted for 
age at entry and sex, **= Adjusted for age at entry, sex, marital status, selected Charlsons comorbidities, diabetes, 
hypertension, dyslipidemia and chronic obstructive pulmonary disease.  CVD= Cardiovascular disease, VEGF= Vascular 
endothelial growth factor, RVO= Retinal vein occlusion, PYR= Person-years at risk. Reprinted with modification from paper II. 
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In analyses of subgroups of CVD, we found significantly increased risk of intracranial hemorrhage 

(HR 1.66, 95% CI 1.02 to 2.71). We also observed a numerically increased risk of MI (HR 1.19, 95% 

CI 0.89 to 1.69), though not statistically significant. Remaining subgroups of CVD and all-cause 

mortality was not associated with anti-VEGF exposure in RVO patients (Figure 20 and Appendix D1). 

 

 

  

Outcome 

Cumulative 
anti-VEGF  
exposure 

(no. of 
injections): 

Follow-up 
(PYR) 

CVD 
outcomes 

(n) 

Incidence 
rate (/1000 

PYR) 
Crude HR Adjusted HR* 

Fully adjusted 
HR** 

Composite 
CVD 

1-3 2,860 88 30.8 1.20 (0.93;1.53) 1.13 (0.88;1.45) 1.18 (0.92;1.52) 
4-8 2,999 64 21.3 0.87 (0.66;1.15) 0.87 (0.66;1.15) 0.90 (0.68;1.19) 
>8 2,268 61 26.9 1.09 (0.82;1.46) 1.10 (0.82;1.47) 1.15 (0.86;1.54) 

        

All-cause 
mortality 

1-3 3,566 174 48.8 1.12 (0.95;1.34) 1.04 (0.88;1.24) 1.07 (0.90;1.27) 
4-8 3,622 123 34.0 0.71 (0.59;0.87) 0.76 (0.62;0.92) 0.88 (0.73;1.08) 
>8 2,807 78 27.8 0.52 (0.41;0.66) 0.58 (0.45;0.73) 0.62 (0.49;0.79) 

Table 7 - Association between cumulative doses of anti-VEGF treatment and risk of composite cardiovascular 
disease (CVD) and all-cause mortality in patients with retinal vein occlusion. Presented as crude, semi-adjusted and 
fully adjusted hazard ratios (HR) (95% confidence interval) along with number of events, person-years at risk and incidence 
rates. *= Adjusted for age at entry and sex, **= Adjusted for age at entry, sex, marital status, selected Charlsons comorbidities, 
diabetes, hypertension, dyslipidemia and chronic obstructive pulmonary disease.  CVD= Cardiovascular disease, VEGF= 
Vascular endothelial growth factor, RVO= Retinal vein occlusion, PYR= Person-years at risk. Reprinted with modification from paper II. 

Figure 20 – Association between anti-VEGF treatment and risk of composite cardiovascular disease (CVD) and all-
cause mortality in patients with retinal vein occlusion. Reported as hazard ratios adjusted for age at entry, sex, marital 
status, selected Charlsons comorbidities, diabetes, hypertension, dyslipidemia and chronic obstructive pulmonary disease 
with 95% confidence interval (CI), number of events, and person-years at risk (PYR). No. of events/PYR represents exposed 
individuals. CVD= Cardiovascular disease. Reprinted from paper II. 
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In secondary analysis of outcomes, stratified or grouped by selected risk factors, we found 

associations to be largely independent of both sex, age, diabetes and intensive treatment. We did, 

however, observe a lower risk of all-cause mortality in patients without diabetes exposed to anti-

VEGF compared to patients without diabetes not exposed to anti-VEGF and likewise we observed a 

lower risk of all-cause mortality in patients above the age of 70 exposed to anti-VEGF compared to 

patients above the age of 70 not exposed to anti-VEGF (HR 0.85, 95% CI 0.73 to 0.98 and HR 0.85, 

95% CI 0.74 to 0.98 for no diabetes and age above 70, respectively)(Figure 21 and Appendix D2). 

 

 

A sensitivity analysis evaluating influence of the definition of arterial hypertension, performed as in 

paper I, on the primary analysis model and on analyses of subgroups of CVD, did not change 

conclusion of the results (data not shown). 

We observed no increased risks in patients with a previous registration of the outcome CVD in 
question in an analysis allowing and stratified by presence of previous CVD (Table 8). 

Figure 21 – Association between anti-VEGF treatment and risk of composite cardiovascular disease (CVD) and all-
cause mortality in patients with retinal vein occlusion stratified or grouped by selected risk factors. Reported as 
hazard ratios adjusted for age at entry, sex, marital status, selected Charlsons comorbidities, diabetes, hypertension, 
dyslipidemia and chronic obstructive pulmonary disease with 95% confidence interval (CI), number of events, and person-
years at risk (PYR). No. of events/PYR represents exposed individuals. CVD= Cardiovascular disease. Reprinted from paper II. 
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Previous 
disease 

Anti-VEGF 
exposure 

Follow-up 
(PYR) 

CVD 
outcomes 

(n) 

Crude 
HR (95%CI) 

Adjusted HR* 
(95%CI) 

Fully adjusted 
HR** (95%CI) 

Composite CVD 

No 
No 9,880 250 ref. ref. ref. 
Yes 8,127 213 1.05 (0.88;1.27) 1.03 (0.86;1.24) 1.07 (0.89;1.29) 

Yes 
No 1,833 204 ref. ref. ref. 
Yes 1,203 128 1.01 (0.81;1.26) 1.02 (0.81;1.28) 1.04 (0.83;1.30) 

Myocardial infarction 

No 
No 11,715 66 ref. ref. ref. 
Yes 9,343 59 1.11 (0.78;1.58) 1.09 (0.77;1.55) 1.15 (0.81;1.64) 

Yes 
No 652 19 ref. ref. ref. 
Yes 512 13 0.90 (0.44;1.83) 0.96 (0.45;2.03) 1.00 (0.46;2.18) 

Ischemic stroke 

No 
No 11,277 128 ref. ref. ref. 
Yes 9,254 104 1.02 (0.78;1.32) 1.01 (0.78;1.31) 1.05 (0.80;1.36) 

Yes 
No 894 66 ref. ref. ref. 
Yes 449 35 1.15 (0.76;1.75) 1.10 (0.72;1.67) 1.04 (0.67;1.60) 

Peripheral arterial disease 

No 
No 11,906 71 ref. ref. ref. 
Yes 9,645 46 0.81 (0.56;1.17) 0.80 (0.55;1.16) 0.85 (0.59;1.24) 

Yes 
No 419 40 ref. ref. ref. 
Yes 233 19 0.92 (0.53;1.61) 0.87 (0.49;1.53) 0.88 (0.48;1.62) 

       

 

4.4 Summary study A 

In summary, in a nationwide registry-based cohort study we found increased risk of CVD in RVO 

patients, that was higher in patients registered with incident RVO after 2011. Particularly risk of non-

ischemic CVD segregated from risks in patients registered with RVO prior to 2011. Risk of all-cause 

mortality in CRVO patients was increased in patients registered prior to 2011, but not in patients 

registered after 2011 (paper I). 

The substudy, designed to evaluate the association between anti-VEGF treatment and risk of 

selected serious CVDs and all-cause mortality in RVO patients, revealed increased risk of intracranial 

hemorrhages and a numerical but statistically insignificant tendency to increased risk of MI. We found 

no other increased risks associated with the treatment (paper II). In both sub-studies, I contributed 

substantially in defining the overall study design and conducting the data management and statistical 

analyses. I was solely responsible for defining all codebook definitions and for graphical presentation 

and drafting of articles for dissemination of results.  

Table 8 - Association between anti-VEGF treatment and risk of composite cardiovascular disease (CVD) and selected 
subgroups of CVD in patients with retinal vein occlusion allowing and stratified by previous CVD.  Presenting crude, 
semi-adjusted and adjusted hazard ratios (HR) with 95% confidence intervals (CI) as well as person-years at risk (PYR) and 
number of events within each outcome model. *= Adjusted for age at entry and sex, **= Adjusted for age at entry, sex, marital 
status, selected Charlsons comorbidities, diabetes, hypertension, dyslipidemia and chronic obstructive pulmonary disorder. 
VEGF= Vascular endothelial growth factor, CVD= Cardiovascular disease, ref.= reference. Reprinted from paper II. 
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5. Study B – paper III and IV 
The Navigated laser In branch Retinal Vein occlusion study – NIRVANA 

5.1 Methods 

The study was a randomized, controlled, clinical trial with two treatment arms and 12 months follow-

up. 

5.1.1 Study population 

Patients were included from two treatment centers located at the departments of Ophthalmology at 

Odense University Hospital, Odense, Denmark and Zealand University Hospital, Roskilde, Denmark. 

Eligibility criteria were: foveal center-involved macular edema due to BRVO or HRVO, diagnosis 

within six months prior to inclusion, BCVA between 35 and 80 ETDRS letters, central retinal thickness 

(CRT) > 300 µm on central field of ETDRS grid at OCT scan and age above 18 years. Exclusion 

criteria were: any active iris or retinal neovascularization, clouding conditions preventing retinal laser 

photocoagulation (e.g. cataract or vitreous hemorrhage), macular edema or increased retinal 

thickness possibly owing to another retinal condition than RVO, prior anti-VEGF or retinal laser 

photocoagulation in the study eye or uncontrolled, untreated hypertension (arterial blood pressure ≥ 

160/110). 

Patients were excluded from retinal oximetry analysis in case of ocular or systemic conditions 

expected to affect the saturation measurements [134]. 

5.1.2 Randomization 

Randomization was performed at inclusion visit as a 1:1 randomization to aflibercept and navigated 

central laser (Group A) or aflibercept alone (Group B). Using sealedenvelope.com, we generated a 

random allocation sequence file with block randomization in block sizes of two and four and stratified 

by inclusion site to ensure equally distributed randomization between sites. This was imported into 

the electronic data capture tool (REDCap, at Open Patient Exploratory Network (OPEN), Odense, 

Denmark), blinded to the project investigators. The randomization was then automatically performed 

at registration of inclusion of a patient in the electronic data capture system. 

5.1.3 Visits overview 

Study participants were subjected to monthly visits during the 12 months follow-up. An overview of 

examinations and treatment per visit is provided in Table 9. 
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Month 0 1 2 3 4 5 6 7 8 9 10 11 12 

Examinations              

Clinical characteristics ×            

Color fundus photography ×            

BCVA ×××××××××××××

OCT ×××××××××××××

FFA ×  ×        

Microperimetry ×           ×
Retinal oximetry ×            

OCT-A ×            

Treatment              

Intravitreal aflibercept ●  ●  ●  ○  ○  ○  ○  ○  ○  ○  ○  ○  ○ 

Navigated macular laser photocoagulation    ⁕            

 

5.1.4 Baseline examinations 

General 

We gathered a full medical history at baseline visit including information on sex, age, previous eye 

conditions and smoking history (quantified in pack-years, with one pack-year defined as 20 cigarettes 

per day for one year). We measured brachial arterial blood pressure along with height and weight 

and calculated body mass index (BMI) as (weight in kilograms) / (height in meters, squared).  

Ophthalmic 

We measured BCVA using ETDRS charts (Precision Vision, Illinois, USA) at a starting distance of 

four meters. We performed slit lamp examination and fundus biomicroscopy in mydriasis with 

tropicamide 10 mg/mL and phenylephrine 10% and assessed macular edema by OCT (Spectralis, 

Heidelberg Engineering GmbH, Germany). A FFA was performed to validate the diagnosis and 

assess area of non-perfusion and leakage (TRC-50DX fundus camera, Topcon, Japan) and ultra-

wide-field color and late-phase FFA images were acquired to exclude the presence of retinal 

neovascularization (Optomap, Optos PLC., Scotland, UK). Images for retinal oximetry and OCT-A 

were acquired, and a microperimetry was performed as described in detail later. 

5.1.5 Treatment 

All patients received three loading doses of 2 mg aflibercept intravitreally at baseline, month one and 

month two. Approximately four weeks after the third dose, we repeated FFA, and patients in Group 

A were subsequently treated with navigated macular laser photocoagulation of the affected eye. 

Patients in Group A that were unsuitable for laser, e.g. due to residual intraretinal hemorrhages, were 

Table 9 – Overview of patient visits study B. ● = intravitreal aflibercept, mandatory loading dose injection, ○ = intravitreal 
aflibercept, pro re nata, ⁕ = Group A (intravitreal aflibercept + navigated laser) only. BCVA= Best corrected visual acuity, 
OCT= Optical coherence tomography, FFA= Fundus fluorescein angiography, OCT-A= Optical coherence tomography 
angiography. 
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re-evaluated at month four and five. If still considered unsuitable for laser at month five, patients did 

not receive laser treatment, but continued the study follow-up according to the designated treatment 

arm. Both groups continued from month four through 12 with monthly visits and aflibercept treatments 

as needed (pro re nata) according to prespecified re-treatment criteria. Criteria for re-treatment were 

increase in CRT >20% compared to lowest measurement or decrease in BCVA >five letters 

compared to baseline. 

5.1.6 Macular laser treatment 

Macular laser treatment was applied in one session according to a pre-specified treatment protocol, 

and preferably within one week of month three FFA. Treatment was applied using the NAVILAS® 

Laser System (Teltow, Germany) 532 or 577s. If possible, treatment was applied without use of 

contact lens.  

The treatment session was planned by import and overlay of FFA photography in the integrated 

NAVILAS software system and according to the following guidelines: treatment was applied as a 

central grid pattern, delimited centrally by a distance of > 500µm from the fovea and peripherally by 

the vascular arcades. Treatment was targeted at diffuse leakage and non-perfusion and, if present, 

directly at microaneurysms. Initial laser settings was: spot size 100 µm, distance between spots 1 

(increased in case of large treatment area), duration 20 ms and power titrated from 70mW until barely 

visible whitening of the retina and then reduced 10 mW. When treating microaneurysms duration was 

set at 100 ms, and power titrated until whitening of the underlying retina. Data on number of spots, 

spot size average (µm), pulse duration average (ms), power average (mW) and total applied power 

(J) was reported. 

5.1.7 Retinal oximetry 

Images were acquired at baseline visit according to the instructions provided by the manufacturer 

and as described in details elsewhere [102]. Briefly, we captured fundus photographs centered over 

the optic disc using the Oxymap T1 (Oxymap, Iceland). Image analysis was conducted as described 

by the manufacturer [135] using the integrated software (Oxymap Analyzer 2.5.0, Oxymap, Iceland). 

In short, this was done by placing two concentric circles around the optic disc at one and a half and 

three disc diameters, between which all subsequent tracings of vessels were obtained. One large 

arteriole and venule of each quadrant were semi-automatically traced at a length between 50 and 

200 pixels, and the software presented the saturation of each segment. The measurements of all four 

quadrant vessels were averaged and presented as mean arterial and mean venous saturation, 

respectively. 

5.1.8 OCT-A 

Macula-centered 4.5x4.5 mm OCT-A scans (DRI OCT Triton, Topcon Europe Medical B.V., The 

Netherlands) were acquired at baseline. Using Imagenet I-base version 3.25.0 (Topcon Europe 

Medical B.V., The Netherlands) we extracted separate images of the SCP and the DCP. These were 

subsequently analyzed using MATLAB software (MathWorks, Natick, MA), as previously described 
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[136], returning quantitative measures of FAZ area, non-perfusion area, vessel density and fractal 

dimension. Measures of the entire image area were reported. After MATLAB analysis, the analysis 

output images were checked for quality and images with faulty delineation of the areas of interest 

were disregarded from statistical analysis (example in Figure 22).  

Figure 22 – An example of the image analysis output of the MATLAB software of two different OCT-A scans. In the top 
line a correctly traced scan of the deep capillary plexus (DCP) of the right (fellow) eye of a patient from the present study B, 
and in the bottom line an example of faulty tracing of areas of interest due to cystoid macular edema in a scan of the DCP of 
the right (affected) eye of another patient from the present study B. A: detection of non-perfused area (red) and foveal 
avascular zone (blue), B: Calculation of vessel density, C: Calculation of area of foveal avascular zone, D: Calculation of 
fractal dimension. 

5.1.9 Microperimetry 

Microperimetry was performed at baseline and month 12 with an eye patch over the contralateral 

eye. The pattern of stimuli contained 45 points, organized in a circular pattern in the central 12 

degrees of the macula and centered over the fovea. Fixation target was a 0.5-degree red circle, which 

could be increased in size if needed. The size of the stimuli was Goldmann III, color was white, and 

duration was 200 ms with a stimulation staircase strategy of 4-2-1, meaning that stimuli changed with 

first ±4dB, then ±2dB and lastly ±1dB. Starting threshold at the baseline examination was set to 12 

dB for one initial test point in each quadrant. The sensitivity results of this starting test point was then 

applied as starting threshold for the rest of the test points in that quadrant. The apparatus performed 

automatic retinal focusing and automatic alignment of the pupil and retina during the test. Analysis 

was automatically paused during significant eye movements. At the end of examination, a fundus 

photograph was acquired and aligned with the infrared image for correct position. At month 12, follow-

up function was utilized ensuring same anatomic location and same starting threshold as the result 

 

 

 

   A                                 B                                     C                                D 
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of each test point at baseline test. The thresholds of all 45 test points were averaged and presented 

as mean retinal sensitivity. A mean retinal sensitivity change from baseline to month 12 was 

calculated. Furthermore, an average retinal sensitivity of the test points of the affected hemi-retina 

only and a mean change in sensitivity from baseline to month 12 of the same area was calculated. 

5.1.10 Ethical approval 

The study was conducted according to the Tenets of the declaration of Helsinki and was approved 

by The Regional Committees on Health Research Ethics for Southern Denmark (S-20170084) and 

registered at ClinicalTrials.gov (NCT03651011). 

 5.1.11 Statistical analysis 

Demographics, baseline characteristics, and results were presented as counts and proportions (with 

95% CI for outcomes) and mean ± SD or median and quartiles (25;75 percentile) as appropriate. 

Demographics and outcome analyses were evaluated using Fishers exact or chi-squared test on 

categorical variables and Students t-test or Wilcoxon rank-sum test on continuous variables, and for 

selected outcomes a mixed-model regression was fitted as described in detail later. Statistical 

significance level was set at 0.05. 

Paper III 

Primary outcome was percentage of patients needing re-treatment after aflibercept loading phase. 

Secondary outcomes were number of injections after loading phase, mean BCVA, median CRT and 

mean retinal sensitivity at month 12, number of patients improving more than 10 ETDRS letters, ratio 

of patients without edema (defined as CRT < 300 µm) at month 12 and change in central retinal 

sensitivity. Furthermore, we evaluated change in BCVA and CRT from baseline through month 12, 

by fitting a mixed-model regression analysis with difference from baseline as the outcome variable 

adjusted for baseline value (continuous), visit number (count) and an interaction term of visit number 

and randomization group. Mean BCVA, median CRT and mean retinal sensitivity at month 12, change 

in CRT from baseline through month 12 and number of patients improving more than 10 ETDRS 

letters were all outcomes added after the study commenced to improve comparability with existing 

literature. 

Paper IV 

We evaluated predictive value of retinal biomarkers from retinal oximetry, OCT-A and microperimetry 

on three binary outcome variables: need for re-treatment after aflibercept loading phase (yes/no), 

macular edema at month 12 (defined as CRT >300µm, yes/no) and improving 10 or more letters from 

baseline (yes/no). We utilized logistic regression analyses both as a crude model and as a model 

adjusted for sex (male/female), age (continuous), baseline BCVA (continuous) and baseline CRT 

(continuous). Results were reported as baseline value of the marker in question by outcome group 

and as odds ratio (OR) with p-value and area under receiver operating curve (AUC) for each 

regression model output. 
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5.2 Results - paper III 

Of 133 screened patients, 91 were excluded due to ineligibility or no wish to participate leaving 45 

patients included for randomization. Further four patients, two in each randomization group, were 

lost to follow-up due to the COVID-19 pandemic (n=2), sudden critical illness (n=1) and patient wish 

(n=1), leaving 41 patients with complete follow-up (Figure 23). Of these, 22 were included at 

Odense University Hospital and 19 were included at Zealand University Hospital, Roskilde.  

In Group A, 19 of 21 patients received macular laser treatment, while two patients were ineligible 

for laser treatment from month three through five (refractory intraretinal hemorrhage (n=1) and 

absence of target for treatment, i.e. no visible non-perfusion, leakage or microaneurysms (n=1)). All 

remaining patients in Group A were treated, without use of contact lens. 

 
Figure 23 – Flowchart of inclusion for study B. OCT-A= Optical coherence tomography angiography. Reprinted with modification 
from [137]. 

 



56 

 

Table 10 – Descriptive characteristics of patients included in the study and separately for group A and group B. Data 
described as number (percentage) for categorical variables and mean ± SD or median (25;75 percentile) for continuous 
variables, as appropriate. *of affected hemi-retina. BCVA= Best corrected visual acuity, ETDRS= early treatment diabetic 
retinopathy study. Reprinted with modification from [137]. 

At baseline, 56% of included patients were female and mean age was 69.6 ± 10.0 years. No 

statistically significant difference between groups existed in any baseline parameters, though 

numerically we observed a tendency to higher BCVA (73.0 (64.0;76.0) letters vs. 68.0 (60.5;72.5) 

letters) along with slightly higher mean retinal sensitivity (21.9 ± 4.1 dB vs. 20.7 ± 3.9 dB)) and 

higher number of pack-years (15.0 (1.0:25.0) vs. 0.5 (0.0;13.0)) in Group A compared with Group B 

(Table 10). 

  By inclusion site 

 
All patients (n=19) 

Odense university 
hospital (n=11) 

Zealand university 
hospital (n=8) 

Days since M3 1 (1;28) 1 (1;3) 14 (0;50) 
Number of spots (n) 164 ± 78 186 ± 82 132 ± 63 
Spot size average (µm) 100 ± 0 100 ± 0 100 ± 0 
Pulse duration average (ms) 29 (20;51) 29 (20;29) 60 (20;100) 
Power average (mW) 92 (79;107) 102 (90;112) 84 (70;95) 
Total applied power (J) 0.40 (0.31;0.88) 0.40 (0.32;0.69) 0.36 (0.30;0.95) 

 
When evaluating the details on the macular laser photocoagulation applied to patients in Group A, 

they received a mean 164 ± 78 spots with spot size average 100 ± 0 µm, a pulse duration average 

of 29 (20;51) ms, power average of 92 (79;107) mW and a total applied power of 0.40 (0.31;0.88) J. 

No statistically significant difference was found in applied laser treatment between inclusion sites, 

but numerically we observed a tendency to higher number of spots (186 ± 82 vs 132 ± 63), lower 

pulse duration (29 (20;29) ms vs. 60 (20;100) ms) and higher power average (102 (90;112) mW vs. 

84 (70;95) mW), with equivalent total applied power at Odense University Hospital compared with 

Zealand University Hospital (Table 11). 

In main outcome analysis, we found no difference in number of patients needing re-treatment after 

loading phase between groups (15 (71% [95% CI 49 to 87%]) vs. 16 (80% [95% CI 56 to 93%]), 

p=0.72) (Table 12). Likewise, groups did not differ in any of the evaluated secondary outcome 

 
 

 By randomization group 

 Total 
Group A (Navilas 

laser) (n=21) 
Group B (No 
laser) (n=20) 

Sex, female 23 (56%) 13 (62%) 10 (50%) 
Age, years 69.6 ± 10.0 69.4 ± 11.3 69.7 ± 8.7 
Body Mass Index, kg/m^2 27.2 ± 4.4 27.4 ± 4.2 27.0 ± 4.8 
Systolic blood pressure, mmHg 154 ± 23 154 ± 23 154 ± 23 
Diastolic blood pressure, mmHg 93 ± 14 95 ± 15 91 ± 11 
Smoking, pack-years 10.0 (0.0;23.0) 15.0 (1.0:25.0) 0.5 (0.0;13.0) 
BCVA, ETDRS letters  70.0 (62.0;75.0) 73.0 (64.0;76.0) 68.0 (60.5;72.5) 
Central retinal thickness, µm 502 (449;580) 505 (446;581) 494 (454;564) 
Mean retinal sensitivity, dB 21.3 ± 4.0 21.9 ± 4.1 20.7 ± 3.9 
Mean hemi-retinal* sensitivity, dB 21.7 ± 6.8 22.0 ± 6.3 21.4 ± 7.4 

Table 11 – Laser application characteristics of patients included in the study and separately per inclusion site. Data 
presented as mean ± SD or median (25;75 percentile) as appropriate. ms= milliseconds, mW= milliwatt, J= joule. 
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parameters (Table 12). We reported a median number of injections after loading phase of 1 (0;3) vs. 

2 (1;3) in Group A and B, respectively. 

 
Group A (Navilas 

laser) (n=21) 
Group B (No 
laser) (n=20) 

p-
value 

No. of patients receiving re-treatment (M4-M12) 15 (71% [49;87%])  16 (80% [56;93%]) 0.72 
Median no. of anti-VEGF injections (M4-M12) 1 (0;3) 2(1;3) 0.43 
Mean BCVA at M12, ETDRS letters 80.7 ± 10.9 80.5 ± 9.1 0.95 
Change in BCVA (M0-M12), ETDRS letters 12.8 ± 9.4 15.1 ± 9.6 0.48 
No. of patients improving more than 10 ETDRS letters 13 (62% [40;80%]) 14 (70% [47;86%]) 0.74 
Median CRT at M12 289 (287;306) 294 (269;311) 0.82 
Change in CRT (M0-M12)  -195 (-276;-145) -181 (-263;-157) 0.82 
No. of patients without edema at M12 15 (71% [49;87%]) 11 (55% [33;75%]) 0.28 
Mean retinal sensitivity at M12, dB 25.7 ± 2.8 25.0 ± 2.5 0.42 
Change in mean retinal sensitivity (M0-M12), dB 3.3 ± 2.3 4.1 ± 3.5 0.42 
Mean hemiretinal* sensitivity at M12, dB 24.8 ± 3.5 23.6 ± 4.0 0.32 
Change in mean hemiretinal* sensitivity (M0-M12), dB 4.7 ± 3.4 5.4 ± 4.8 0.63 

Table 12 - Need for re-treatment of intravitreal VEGF inhibition, and change in BCVA, CRT, and retinal sensitivity from 
baseline through month 12 according to treatment group. Data presented as number (percentage with [95% confidence 
interval]) for categorical variables and mean ± SD or median (25;75 percentile) for continuous variables, as appropriate. p-
value reflects result of chi-squared or Fisher’s exact test and Wilcoxon ranksum or Student’s t-test as appropriate. For change 
in BCVA and change in CRT, p-value reflects the result of a mixed-model regression analysis adjusted for baseline value, visits 
number and an interaction term of visit number and randomization group *Affected hemi-retina. M4= month 4, M12= month 12, 
VEGF= Vascular endothelial growth factor, BCVA= best corrected visual acuity, ETDRS= early treatment diabetic retinopathy 
study, CRT= central retinal thickness, M0= month 0/baseline, dB= decibel. Reprinted with modification from [137]. 

We found a mean change in BCVA from baseline through month 12 of 12.8 ± 9.4 letters and 15.1 ± 

9.6 letters and a median change in CRT of -195 (-276;-145) µm vs. -181 (-263;-157) µm (Table 8 and 

Figure 24). Mean retinal sensitivity at month 12 was largely similar between groups (25.7 ± 2.8 vs. 

25.0 ± 2.5 dB), but numerically we observed a slightly lower increase in Group A than B (+3.3 ± 2.3 

dB vs. +4.1 ± 3.5 dB), though statistically insignificant. 

 
Figure 24 – Mean best corrected visual acuity (BCVA) with 95% confidence intervals and median central retinal 
thickness (CRT) with 95% confidence intervals by treatment group at monthly evaluations throughout the study. 
ETDRS= early treatment diabetic retinopathy study. Reprinted with modification from [137]. 
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Adjustment for baseline mean retinal sensitivity equalized any tendency to numerical differences in 

mean retinal sensitivity at month 12 and change in mean retinal sensitivity from month 0 to month 12 

between groups (Table 13). 

 Coefficient p-value Predicted values 
   Crude Adjusted 
 Crude Adjusted Crude Adjusted Group A Group B Group A Group B 

Mean retinal 
sensitivity at 

M12, dB 
0.74 0.12 0.42 0.88 

25.7 
(24.5;27.0) 

25.0 
(23.7;26.3) 

25.4 
(24.4;26.5) 

25.3 
(24.2;26.4) 

Change in mean 
retinal sensitivity 

(M0-M12), dB 
-0.8 0.01 0.42 0.98 

3.3 
(1.9;4.6) 

4.1 
(2.6;5.5) 

3.6 
(2.6;4.7) 

3.6 
(2.6;4.7) 

 

5.3 Results - paper IV 

All patients with full follow-up time (n=41) were included in the analysis of predictive value of retinal 

biomarkers (Figure 18). 

Two patients were excluded from retinal oximetry analysis due to glaucoma of the affected eye. 

Fourteen SCP and 33 DCP images were excluded from OCT-A analysis due to faulty tracing by the 

MATLAB software earning to low quality, poor centration, signal loss or artefacts (e.g. due to large 

edema). In the FAZ area analysis, seven more images were excluded due to faulty delineation of the 

FAZ. Two patients could not cooperate to fulfill the microperimetry test and were excluded from 

microperimetry analysis. Thus, 33, 27 and 39 patients were included in retinal oximetry, OCT-A and 

microperimetry analysis, respectively. Baseline characteristics of included patients by imaging 

modality analysis are depicted in Table 14. At baseline, patients excluded from OCT-A analysis were 

older (74.0 vs. 67.2 years, p= 0.037) and patients excluded from microperimetry analysis were older 

(86.6 vs. 68.7 years, p=0.012) and had lower visual acuity (47.5 vs. 67.7 BCVA letters, p= 0.011), 

compared to included individuals. No other baseline differences were observed between included 

and excluded patients.  

  By retinal biomarker analysis group 

 Total 
Retinal oximetry 

(n=33) 
OCT-A 
(n=27) 

Microperimetry 
(n=39) 

Sex, female 23 (56%) 20 (61%) 14 (52%) 22 (56%) 
Age, years 69.6 ± 10.0 69.9 ± 9.6 67.2 ± 9.6 68.7 ± 9.4 
BCVA, ETDRS letters  70.0 (62.0;75.0) 72.0 (64.0;76.0) 72.0 (62.0;75.0) 70.0 (62.0;76.0) 
Central retinal thickness, µm 502 (449;580) 473 (436;576) 505 (436;592) 502 (446;581) 

 

Table 13 – Output of linear regression analysis on mean retinal sensitivity at month 12 and change in mean retinal 
sensitivity from month 0 to month 12. Presented as regression coefficient, p-value of effect of randomization group and 
predicted values (mean (95% confidence interval)) of a crude linear regression analysis model and a linear regression model 
adjusted for baseline value of mean retinal sensitivity. Group A = aflibercept + navigated laser, Group B = aflibercept 
monotherapy. M12 = month 12, dB= decibel, M0= month 0. 

Table 14 – Descriptive characteristics of patients included in the study and separately by each biomarker imaging 
modality. Data described as number (percentage) for categorical variables and mean ± SD or median (25;75 percentile) for 
continuous variables, as appropriate. OCT-A= optical coherence tomography angiography, BCVA= best corrected visual 
acuity, ETDRS= early treatment diabetic retinopathy study 
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Outcome 1 - Need of additional aflibercept after loading 

Patients with no need for additional aflibercept after loading were less likely to be female (20% vs. 

67%, p=0.02). Numerically they had higher BCVA (73.0 (62.0;78.0) letters vs. 70.0 (61.0;74.0) letters, 

p=0.291) and lower CRT (482 (402;549) µm vs 502 (449;592) µm, p= 0.23) than patients with need 

for re-treatment, but this was not statistically significant. They also exhibited a tendency to higher 

arteriolar saturation (99.8 ± 9.0% vs. 92.3 ± 10.1%, p=0.073), though statistically insignificant (Table 

15). 

 Need of additional aflibercept after loading 
 No (n=10) Yes (n=31) p-value 
Sex, female 2 (20%) 21 (67%) 0.02 *,** 
Age, years 69.2 ± 7.7 69.7 ± 10.7 0.90 
BCVA, ETDRS letters  73.0 (62.0;78.0) 70.0 (61.0;74.0) 0.29 
Central retinal thickness, µm 482 (402;549) 502 (449;592) 0.23 
Retinal oximetry (n=33)    

Arteriolar saturation (%) 99.8 ± 9.0 92.3 ± 10.1 0.07 
Venular saturation (%) 53.5 ± 14.2 52.3 ± 16.9 0.84 

OCT-A, SCP     
Area of FAZ (mm2)(n=20) 0.28 ± 0.12 0.31 ± 0.16 0.69 
Area of non-perfusion (mm2) 
(n=27)  

4.43 ± 1.07 4.48 ± 1.36 0.92 

Vessel density (%) (n=27) 73.8 ± 6.7 73.2 ± 8.7 0.86 
Fractal dimension (n=27)  1.68 ± 0.01 1.68 ± 0.02 0.44 

Microperimetry (n=39)    
Mean retinal sensitivity (dB) 22.6 ± 3.4 20.9 ± 4.2 0.27 

 

 Need of additional aflibercept after loading 

 Adjusted OR (95% CI) 
Adjusted 
p-value 

Adjusted 
AUC 

Retinal oximetry (n=33)   ref: 0.80 
Arteriolar saturation (%) 0.80 (0.64;1.00) 0.05 0.92 
Venular saturation (%) 0.96 (0.89;1.04) 0.38 0.83 

OCT-A, SCP     
Area of FAZ (mm2)(n=20) 0.79 (0.55;1.12) 0.19 0.92 
Area of non-perfusion (mm2) (n=27)  0.62 (0.20;1.92) 0.41 0.81 
Vessel density (%) (n=27) 1.08 (0.89;1.30) 0.43 0.80 
Fractal dimension (n=27)  1.02 (0.32;3.22) 0.97 0.77 

Microperimetry (n=39)    
Mean retinal sensitivity (dB) 1.00 (0.70;1.44) 0.98 0.80 

 

In evaluation of predictive value by multivariable logistic regression of need for additional aflibercept 
after loading phase, male sex was associated with no need for re-treatment in all models (p<0.05, 
data not shown). Higher arteriolar saturation tended to associate with lower likelihood of re-

Table 15 – Descriptive characteristics of patients separately by each outcome group of “need of additional 
aflibercept after loading”. Data described as number (percentage) for categorical variables and mean ± SD or median 
(25;75 percentile) for continuous variables, as appropriate.* univariate p-value<0.05 ** p-value <0.05 in multivariable logistic 
regression model.  BCVA= best corrected visual acuity, ETDRS= early treatment diabetic retinopathy study, OCT-A= optical 
coherence tomography angiography, SCP= superficial capillary plexus, FAZ= foveal avascular zone. 

Table 16 – Output of logistic regression model evaluating selected biomarkers on “need of additional aflibercept 
after loading” outcome. Data described as odds ratios (OR) with 95% confidence interval (CI) adjusted for sex, age, 
baseline BCVA, baseline CRT and the novel biomarker in question, with adjusted p-value and adjusted area under receiver 
operation curve (AUC). For area of FAZ, areas of non-perfusion, and fractal dimension the increment of the biomarker, for 
which the OR apply is 0.01 rather than 1. Adjusted AUC ref represents the AUC value of the fully adjusted logistic regression 
model without the novel biomarker in question. OCT-A= optical coherence tomography angiography, SCP= superficial 
capillary plexus, FAZ= foveal avascular zone. 
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treatment need in the multivariable model, but did not reach statistical significance (p=0.05) (Table 
16). The multivariable model had a high AUC, indicating a high ability to predict need for re-
treatment when applying either arteriolar saturation or area of FAZ (both AUC 0.92), and performed 
somewhat better than the multivariable model without the added biomarker (AUC 0.80) (Table 16).  

Outcome 2 - Macular edema at month 12  

Patients without macular edema were significantly younger than patients with macular edema at 

month 12 (66.9 ± 10.4 years vs. 74.1 ± 7.6 years, p=0.04), and there was a numerical tendency to 

higher BCVA (72.0 (65.0;75.0) letters vs. 64.0 (60.0;76.0) letters, p=0.29) and lower CRT 

(478(430;581) µm vs. 514(463;580) µm, p=0.71) at baseline, though these were not statistically 

significant. Arteriolar and venular saturation tended to be higher (96.8±10.8 % vs. 90.0±8.0 %, 

p=0.08), and area of FAZ tended to be larger (0.36±0.17 mm2 vs. 0.24±0.08 mm2, p= 0.10), though 

not significantly (Table 17). 

 Macular edema at month 12 
 No (n=26) Yes (n=15) p-value 
Sex, female 16 (62%) 7 (47%) 0.36 
Age, years  66.9 ± 10.4 74.1 ± 7.6 0.04 *,** 
BCVA, ETDRS letters  72.0 (65.0;75.0) 64.0 (60.0;76.0) 0.29 
Central retinal thickness, µm 478 (430;581) 514 (463;580) 0.71 
Retinal oximetry (n=33)    
Arteriolar saturation (%) 96.8 ± 10.8 90.0 ± 8.0 0.08 
Venular saturation (%) 55.9 ± 13.7 47.6 ± 18.5 0.17 
OCT-A, SCP     
Area of FAZ (mm2)(n=20) 0.36 ± 0.17 0.24 ± 0.08 0.10 
Area of non-perfusion (mm2) (n=27)  4.53 ± 1.06 4.35 ± 1.69 0.73 
Vessel density (%) (n=27) 73.2 ± 6.5 73.7 ± 11.1 0.73 
Fractal dimension (n=27)  1.68 ± 0.01 1.68 ± 0.02 0.78 
Microperimetry (n=39)    
Mean retinal sensitivity (dB) 21.3 ± 4.1 21.3 ± 4.1 0.97 

 

In multivariable logistic regression, we found significant association with baseline age and macular 

edema at month 12. None of the evaluated novel biomarkers were predictive of outcome (Table 18), 

though a slight tendency was observed in arteriolar and venular saturation and area of FAZ, where 

increases in value resulted in lower likelihood of macular edema at month 12 (not significant, Table 

18). 

  

Table 17 – Descriptive characteristics of patients separately by each outcome group of “macular edema at month 
12. Data described as number (percentage) for categorical variables and mean ± SD or median (25;75 percentile) for 
continuous variables, as appropriate.* univariate p-value<0.05 ** p-value <0.05 in multivariable logistic regression model. 
BCVA= best corrected visual acuity, ETDRS= early treatment diabetic retinopathy study, OCT-A= optical coherence 
tomography angiography, SCP= superficial capillary plexus, FAZ= foveal avascular zone. 
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 Macular edema at month 12 

 Adjusted OR (95% CI) 
Adjusted 
p-value 

Adjusted 
AUC 

Retinal oximetry (n=33)   ref: 0.74 
Arteriolar saturation (%) 0.94 (0.85;1.03) 0.18 0.77 
Venular saturation (%) 0.97 (0.91;1.03) 0.28 0.78 

OCT-A, SCP     
Area of FAZ (mm2)(n=20) 0.88 (0.76;1.03) 0.11 0.81 
Area of non-perfusion (mm2) (n=27)  0.86 (0.34;2.15) 0.75 0.75 
Vessel density (%) (n=27) 1.01 (0.87;1.18) 0.87 0.77 
Fractal dimension (n=27)  0.89 (0.37;2.13) 0.80 0.78 

Microperimetry (n=39)    
Mean retinal sensitivity (dB) 1.08 (0.79;1.46) 0.63 0.74 

 

Outcome 3 - Improvement of 10 or more ETDRS letters from baseline 

We found no significant difference at baseline between patients that improved 10 or more ETDRS 

letters from baseline through month 12 compared to those who did not. A numerically higher age 

(72.0 ± 11.4 years vs. 68.3 ± 9.3 years, p=0.25), higher BCVA (72.0(64.0;74.0) letters vs. 68.5 

(61.5;75.5) letters, p=0.72) and lower CRT (461(430;518) µm vs. 512(452;603) µm, p=0.30) along 

with higher retinal arteriolar saturation (95.9 ± 10.4% vs. 90.7 ± 9.3%, p=0.30) was observed, but 

statistically insignificant (Table 19). 

 
Improvement of 10 or more ETDRS letters from 
baseline 

 No (n=13) Yes (n=28) p-value 
Sex, female 14 (50%) 9 (69%) 0.25 
Age, years 68.3 ± 9.3 72.2 ± 11.4 0.25 
BCVA, ETDRS letters  68.5 (61.5;75.5) 72.0 (64.0;74.0) 0.72 
Central retinal thickness, µm 512 (452;603) 461 (430;518) 0.30 
Retinal oximetry (n=33)    
Arteriolar saturation (%) 90.7 ± 9.3 95.9 ± 10.4 0.18 
Venular saturation (%) 54.7 ± 12.4 51.7 ± 17.5 0.61 
OCT-A, SCP     
Area of FAZ (mm2)(n=20) 0.28 ± 0.11 0.32 ± 0.17 0.53 
Area of non-perfusion (mm2) (n=27)  4.55 ± 1.42 4.43 ± 1.23 0.80 
Vessel density (%) (n=27) 72.8 ± 9.7 73.7 ± 7.4 0.79 
Fractal dimension (n=27)  1.68 ± 0.02 1.68 ± 0.01 0.53 
Microperimetry (n=39)    
Mean retinal sensitivity (dB) 22.5 ± 4.4 20.8 ± 3.9 0.27 

 

  

Table 18 – Output of logistic regression model evaluating selected biomarkers on “Macular edema at month 12” 
outcome. Data described as odds ratios (OR) with 95% confidence interval (CI) adjusted for sex, age, baseline BCVA, 
baseline CRT and the novel biomarker in question, with adjusted p-value and adjusted area under receiver operation curve 
(AUC). For area of FAZ, areas of non-perfusion, and fractal dimension the increment of the biomarker, for which the OR 
apply is 0.01 rather than 1. Adjusted AUC ref represents the AUC value of the fully adjusted logistic regression model without 
the novel biomarker in question. OCT-A= optical coherence tomography angiography, SCP= superficial capillary plexus, 
FAZ= foveal avascular zone. 

Table 19 – Descriptive characteristics of patients separately by each outcome group of “improvement of 10 or more 
letters from baseline”. Data described as number (percentage) for categorical variables and mean ± SD or median (25;75 
percentile) for continuous variables, as appropriate. BCVA= best corrected visual acuity, ETDRS= early treatment diabetic 
retinopathy study, OCT-A= optical coherence tomography angiography, SCP= superficial capillary plexus, FAZ= foveal 
avascular zone, 
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In multivariable logistic regression analysis of improvement of 10 or more ETDRS letters from 

baseline, none of the selected covariates was significantly associated with the outcome. All the novel 

biomarkers improved the AUC slightly, and area of FAZ, fractal dimension and arteriolar saturation 

as the added marker provided the best models for prediction of the outcome as evaluated by AUC 

(Table 20). 

 Improvement of 10 or more ETDRS letters from baseline 

 Adjusted OR (95% 
CI) 

Adjusted 
p-value 

Adjusted AUC 

Retinal oximetry (n=33)   ref: 0.65 
Arteriolar saturation (%) 1.05 (0.96;1.16) 0.265 0.79 
Venular saturation (%) 1.00 (0.94;1.06) 0.938 0.73 

OCT-A, SCP     
Area of FAZ (mm2)(n=20) 1.08 (0.98;1.19) 0.125 0.83 
Area of non-perfusion (mm2) (n=27)  0.76 (0.30;1.90) 0.554 0.73 
Vessel density (%) (n=27) 1.06 (0.91;1.23) 0.481 0.73 
Fractal dimension (n=27)  2.02 (0.82;4.98) 0.124 0.79 

Microperimetry (n=39)    
Mean retinal sensitivity (dB) 0.96 (0.68;1.35) 0.800 0.70 

 

5.4 Summary study B 

In a 12-month, clinical, randomized, controlled study of patients with treatment-naïve BRVO and 

macular edema, we found no difference in re-treatment need, structural, nor functional outcomes 

between groups. The laser treatment had no detrimental effect on macular sensitivity measured by 

microperimetry. 

In evaluation of predictive biomarkers, we found male sex to significantly increase the likelihood of 

no need for re-treatment and lower age to increase the likelihood of not presenting with edema at 

month 12. Retinal arteriolar saturation strongly tended to predict need for re-treatment, though 

statistically insignificant. None of the evaluated novel biomarkers of retinal oximetry, OCT-A and 

microperimetry had significant predictive value on outcomes. Overall, arteriolar saturation and area 

of FAZ were most promising in increasing predictive value of the three outcome models, evaluated 

by AUC. 

In this study, my contributions included defining the overall study design and the application for 

funding. I was responsible for managing inclusion of patients and composing the standard operating 

procedures guideline as well as the instrument for data imputation. I conducted most of the patient 

follow-up visits in Odense, while remaining visits in Odense and Roskilde were performed by trained 

colleagues under my responsibility. Furthermore, I was responsible for all data management and data 

analysis as well as drafting the graphical presentation and manuscripts for reporting of results. 

Table 20 – Output of logistic regression model evaluating selected biomarkers on “Improvement of 10 or more 
ETDRS letters from baseline” outcome Data described as odds ratios (OR) with 95% confidence interval (CI) adjusted for 
sex, age, baseline BCVA, baseline CRT and the novel biomarker in question, with adjusted p-value and adjusted area under 
receiver operation curve (AUC). For area of FAZ, areas of non-perfusion, and fractal dimension the increment of the 
biomarker, for which the OR apply is 0.01 rather than 1. Adjusted AUC ref represents the AUC value of the fully adjusted 
logistic regression model without the novel biomarker in question. OCT-A= optical coherence tomography angiography, 
SCP= superficial capillary plexus, FAZ= foveal avascular zone. 
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6. Discussion 
6.1 Study A 

Cardiovascular disease and all-cause mortality in RVO overall 

In our study, we found increased risk of CVD as a composite endpoint and subgroups of ischemic 

and non-ischemic CVD, while no increased risk of venous diseases or all-cause mortality was 

associated with the presence of RVO. Highest risk was reported in non-ischemic CVD (HR 1.23, 95% 

CI 1.15 to 1.33), which included heart failure, pulmonary hypertension, atrial fibrillation/flutter, 

intracranial hemorrhage and aortic diseases. A previous 12-year Korean cohort study on heart failure 

found an increased risk after multivariable adjustment, reporting a HR of 1.36 (95% CI 1.16 to 1.60) 

in RVO compared with no RVO patients [138]. Meanwhile, atrial fibrillation has been reported in a 

study of Danish registry data from 2018 [139] finding increased risk in RVO patients, but after 

adjustment for cardiovascular risk factors the association dissolved. Chen et al. [140] evaluated risk 

of hemorrhagic stroke in a nationwide cohort study of a Taiwanese health insurance population and 

found increased risk (HR 1.34, 95% CI 1.24 to 1.44) in line with our results. This was opposed to a 

study by Rim et al. that did not find significantly increased risk of hemorrhagic stroke[141]. Overall, 

our study confirmed these findings in a composite non-ischemic CVD end-point. 

Risk of ischemic CVD was increased in our study, though slightly less than non-ischemic CVD, with 

a reported HR of 1.16 (95% CI 1.11 to 1.21) in RVO patients compared to individuals without RVO. 

In line with these findings, multiple studies have evaluated risk of selected ischemic CVDs, and 

generally reported increased risk of MI [27,142] and ischemic stroke [140,141,143], while a 

Taiwanese study reported only increased risk of stroke in a subgroup of younger RVO patients aged 

60 to 69 years [144].  

We confirmed previous findings that RVO does not associate with other venous occlusive disorders. 

This underlines an existing hypothesis that retinal venous occlusions are largely affected by 

pathological changes of the fellow arteriole – probably more so than by risk factors for other venous 

occlusions like cancer, hormone replacement therapy, immobility and coagulation disorders 

[145,146]. We found no increased all-cause mortality in the entire cohort of RVO patients, confirming 

findings from a Taiwanese population[140]. Data from the Beaver Dam eye study and the Blue 

mountains eye study, was evaluated for cardiovascular and cerebrovascular mortality specifically, 

which differ from all-cause mortality, but also found no increased risk in RVO patients [147].  

Prior to the introduction of VEGF inhibitory treatment in 2011, the association between RVO and CVD 

and mortality was studied on Danish registry data. Bertelsen and colleagues evaluated comorbidity 

and mortality in both BRVO (n=1168) and CRVO (n=439) patients separately. They reported 

increased risk of heart failure and cerebrovascular disease, including stroke, in both BRVO (incidence 

rate ratio of heart failure: 1.41 (95% CI 1.12 to 1.68) and cerebrovascular disease: 1.49 (95% CI 1.27 
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to 1.76) and CRVO patients (incidence rate ratio of heart failure: 2.27 (95% CI 1.54 to 3.35) and 

cerebrovascular disease: 2.09 (95% CI 1.51 to 2.89) [18,27]. The studies were very well designed, 

including photographic verification of all included patients ensuring high validity of the exposure. 

However, their results might not reflect on the cohort of RVO patients followed in hospitals today, 

because RVO patients before 2011 were not necessarily referred, but might have been followed 

solely at practicing ophthalmologists if they were not in need of laser treatment or surgical 

intervention.  

Cardiovascular disease and all-cause mortality in BRVO and CRVO patients 

As previously mentioned, BRVO and CRVO are distinctive disease entities with differences in risk 

factors, pathophysiology, as well as risk of complications [23] and might very well be differently 

associated with other CVDs. However, overall we found the same direction and magnitude of 

associations with CVD in BRVO and CRVO patients as in the overall RVO cohort analysis, though 

only statistically significant in BRVO patients (Overall CVD: HR 1.14, 95% CI 1.03 to 1.25, ischemic 

CVD: HR 1.18, 95% CI 1.05 to 1.33 and non-ischemic CVD: HR 1.22, 95% CI 1.07 to 1.38). In both 

CRVO and BRVO subgroup models, the confidence intervals were relatively narrow, and power 

within the subgroups was acceptable. Thus, any pathophysiological distinction does not seem to 

significantly influence their effect on risk of CVD. 

Only few existing studies evaluated BRVO and CRVO separately in terms of associations with CVD 

or mortality. A Taiwanese study reported increased risk of MI in both BRVO and CRVO patients, with 

an adjusted overall hazard ratio of 1.21 (95% CI 1.13 to 1.30) but contrary to us they found higher 

risks in CRVO than BRVO patients [142]. The study was based on health insurance claims data in 

an Asian population, which might attribute to differences in results. Bertelsen et al. found increased 

risk of ischemic heart disease and cerebrovascular disease in both BRVO and CRVO, and increased 

risk of PAD, ischemic heart disease and peripheral venous occlusion in CRVO, but not BRVO. 

Contrary to us, they generally reported higher incidence rate ratios of CRVO than BRVO patients, 

and we did not find any association with peripheral venous disease. These differences might be 

attributed to differences in the evaluated cohort and the follow-up end in 2010, as described above. 

A role of difference in coding practice over time cannot be excluded; however, our analysis prior to 

2011 ought to reflect the same coding practice. 

We found significantly higher all-cause mortality in CRVO than BRVO patients overall, which is in line 

with previous findings from DNPR [27,28]. To our knowledge, no other studies evaluated all-cause 

mortality separately for BRVO and CRVO. Difference in all-cause mortality underlines a certain 

systemic severity of the CRVO diagnosis. However, it also seemingly is a result of selection or 

confounding by indication in the CRVO cohort prior to 2011, as further discussed in the next section. 

In this subgroup analysis we did not include un-specified RVO patients (i.e. patients with no 

registration of anatomical location of RVO in DNPR), or patients registered with both BRVO and 

CRVO to keep exposure “BRVO only” and “CRVO only”. In Table 2, we characterize the group of un-

specified RVO, finding higher age and higher ratio of most comorbidities. These patients can be both 
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BRVO and CRVO patients, and it might be speculated that the positive predictive value of the RVO 

diagnosis might be lower within this subgroup of unspecific ICD codes. The impact of coding practices 

will be further discussed in section 6.3. 

Cardiovascular disease and all-cause mortality prior to and after 2011 

In a subgroup analysis where RVO exposure was grouped into patients registered prior to 2011 and 

patients registered after 2011 we found a marked difference in HR of non-ischemic CVD (prior to 

2011: HR 1.06 (95% CI 1.01 to 1.12) vs. after 2011:HR 1.24 (95% CI 1.15 to 1.33), Figure 10). The 

HR for the composite CVD endpoint, tended to be higher in patients registered after 2011, though 

statistically insignificant. No difference in associations before and after 2011 was observed in venous 

disease, but all-cause mortality was significantly lower in CRVO patients registered after 2011 (prior 

to 2011: HR 1.41, 95% CI 1.25 to 1.58, after 2011: HR 0.97, 95% CI 0.87 to 1.07). This subgroup 

analysis was planned, because we knew that referral practices for hospitals in Denmark changed 

markedly, when VEGF inhibitors were approved for RVO in 2011. The change in referrals is clearly 

observed in number of registrations of RVO in DNPR (Figure 13). The patients we receive for 

treatment at ophthalmology departments today are probably more comparable to the cohort of 

patients registered after 2011, than the patients registered before 2011 in DNPR. Our results indicate 

that RVO patients, both BRVO and CRVO, are in higher risk of non-ischemic diseases and CRVO 

patients are in lower risk of all-cause mortality than would be presumed from data before the 

introduction of new treatment in 2011 (Figure 10 and 11). While the differences before and after 2011 

might very well be attributed to the fact that the cohort of patients referred for hospitals changed in 

2011, we cannot preclude an effect of the changes in treatment. 

Cardiovascular disease and all-cause mortality associations with anti-VEGF treatment in RVO 

patients 

We found no increased risk of a composite CVD endpoint when evaluating anti-VEGF treated vs. 

untreated RVO patients. The endpoint included subgroups of MI, heart failure, ischemic stroke, 

intracranial hemorrhage and peripheral arterial disease. In separate evaluation of each subgroup we 

found increased risk of intracranial hemorrhage (HR 1.66, 95% CI 1.02 to 2.71) and a tendency to 

increased risk of MI (HR 1.19, 95% CI 0.89 to 1.69) associated with anti-VEGF treatment. All-cause 

mortality tended to be lower in anti-VEGF treated, though statistically insignificant. We found no 

tendency to increasing risks of CVD, but surprisingly a lower all-cause mortality with increasing 

cumulative number of injections. 

Total use of anti-VEGF for RVO and number of RVO patients in ongoing treatment in Denmark has 

been increasing since its formal introduction in 2011 (Figure 15). This tendency is completely in line 

with reports from a Norwegian registry-based study [148]. While numerous clinical trials have 

established the overall safety of anti-VEGF in a number of indications including RVO [69,149], 

controversy still exist regarding safety of selected CVDs, and the suboptimal ability of clinical trials to 

detect rare events and evaluate risks on a more generalizable population persist. We reported an 

increased risk of intracranial hemorrhage (HR 1.66, 95% CI 1.02 to 2.71) associated with anti-VEGF 
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treatment in a population-based design. The use of anti-VEGF agents in oncology has established 

the risk of several adverse events including arterial hypertension, bleeding, thromboembolism, 

gastro-intestinal perforations and proteinuria [73,150], and risk of serious hemorrhage was well-

established in this setting [151]. However, systemic doses in ophthalmic use are much lower [74]. 

Even though clinical studies are not powered to evaluate these rare events, a meta-analysis detected 

an uncertain increased risk of non-ocular hemorrhage associated with intravitreal anti-VEGF[78]. The 

increased risk in our study remained after adjustment for existing comorbidities, including arterial 

hypertension, in a timely manner as time-varying covariate, and was unaffected by changing the 

definition of hypertension in a sensitivity analysis. Our estimate include very wide confidence intervals 

of this relatively rare outcome, and even though an increased risk was found, the exact size of it 

cannot be quantified within the power of this study.  

To the best of our knowledge, no previous large population-based studies have evaluated CVD and 

all-cause mortality risk in RVO patients. However, in DME and neovascular age-related macular 

degeneration, two large population-based studies on US administrative claims exist. In a study from 

2010, Curtis and colleagues found lower risk of mortality, myocardial infarction and incident stroke in 

neovascular age-related macular degeneration patients treated with ranibizumab compared to 

photodynamic therapy [152]. Meanwhile, Maloney and colleagues found increased risk of all-cause 

hospital admission, but no increased risk of cerebrovascular disease, MI or major bleeding within six 

months in DME patients treated with ranibizumab compared with macular laser [153]. 

In Denmark, clinicians have been restrictive in treating RVO patients with recent CVD, including 

ischemic stroke. Reassuringly, we found no increased risk of ischemic stroke associated with anti-

VEGF treatment, thus treatment of this patients group might be safer than previously presumed. 

However, the assessment is limited by the fact that the practice of not treating patients with recent 

ischemic stroke, limits our datasets ability to detect the risks in exactly this patient group. 

In our overall analysis, we found no difference in risk of all-cause mortality associated with anti-VEGF 

treatment. However, there was a tendency to lower risk in anti-VEGF treated patients. This tendency 

increases with increasing number of injections in the cumulative dose analysis. From a biological 

perspective, it does not seem plausible that treatment with anti-VEGF should be protective of all-

cause mortality, but the reasons for this finding can only be speculated. It seems most likely, to be 

explained by confounding by indication, if patients are selected for treatment based on an 

assessment that they are well enough to adhere to the treatment, respond to the treatment, and are 

expected to have a certain remaining lifespan. This includes a possible confounding in degree of 

frailty [154], that cannot be adjusted for, by registry-based data. There might further be an amount of 

residual confounding earning to the fact that even though all comorbidity was adjusted for in a timely 

manner, the degree of comorbid disease, ranging from e.g. mild to severe, cannot be detected by 

diagnostic codes and might differ between groups. In addition, we cannot preclude that a difference 

in socioeconomic factors could have been present and affected the all-cause mortality risk. While 

treatment visits, assuring frequent check-ups at the hospital might be a contributing protective factor, 

we speculate that this is of minor importance. 
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Impact of selected risk factors on association between anti-VEGF and cardiovascular disease 

and all-cause mortality 

We found no significant influence of stratification by either sex, age or presence of diabetes or 

grouping by intensive treatment on the composite CVD outcome. Meanwhile, the risk of all-cause 

mortality associated with anti-VEGF treatment was lower in patients above the age of 70 and without 

diabetes, while no significant difference was found when stratified by sex. 

That higher age and no diabetes in combination with anti-VEGF treatment should be protective of all-

cause mortality when compared to no anti-VEGF treatment seems physiologically irrational. The 

speculated explanation for this might be confounding by indication as described in the discussion of 

the overall mortality outcome above. Presence of diabetes in combination with anti-VEGF treatment 

did not associate with increased mortality risk. No previous studies have evaluated the impact of 

diabetes on adverse events related to anti-VEGF treatment in RVO patients. In DME patients, higher 

risk of adverse events has been reported, but whether this is due to diabetes itself remains 

unknown[75,76]. 

Our evaluation of intensive treatment revealed no increased risk of CVD associated with intensive 

treatment. The definition of intensive treatment unfortunately resulted in a relatively low number of 

person-years at risk, even with our large sample size, decreasing the power to detect risk differences. 

A previously reported meta-analysis study in DME patients included clinical trials with DME patients, 

treated with monthly injections for two years, and observed an increased risk of cerebrovascular 

accidents and mortality [75]. This might indicate that DME patients are at higher risk of adverse 

outcomes than RVO patients, but our definition of intensive treatment differed, which might also affect 

the results. Any increased risk associated with intensive treatment, as we defined it, would be better 

evaluated in an even larger cohort than that of the present study. Alternatively, intensive treatment 

should be differently defined, as RVO patients in a population-based setting was generally less 

intensively treated than we expected from clinical trials. 

One of the shortcomings of clinical trials is the selection of the included patients by presence of  

recent CVD [155], especially since CVD is a well-known risk factor for RVO. Therefore, we wished to 

evaluate whether presence of previous CVD increased the risk of subsequent CVD events in anti-

VEGF-treated vs. un-treated RVO patients. We found no difference in risks related to the presence 

of previous CVD. Unfortunately, the analysis could not be performed in the intracranial hemorrhage 

subgroup, since power of this analysis did not allow for stratification. While a few studies agree with 

our findings [78,153], a study on adverse events from five neovascular age-related macular 

degeneration trials found patients with predisposing risk factors including previous CVD to have 

higher risk of cerebrovascular accidents [77]. Another study on U.S. administrative claims in patients 

with neovascular age-related macular degeneration, diabetic retinopathy and RVO between 2006 

and 2018, conducted a subgroup analysis on patients with previous CVD and reported higher event 

rates than for the overall cohort [156], but without an un-treated control group.  
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6.2 Study B 

Efficacy of navigated laser versus no laser treatment on re-treatment need 

We found no difference in number of eyes needing re-treatment with anti-VEGF after loading phase 

between the laser treated and the no-laser treated group. In 29% and 20% of patients, respectively, 

there were no need for further re-treatment after application of navigated macular laser 

photocoagulation, and patients received a median 1 vs. 2 injections after loading phase.  

To our knowledge, no previous studies evaluated navigated macular laser in combination treatment 

of RVO patients, but other laser delivery systems have been utilized in combination treatment 

regimens with divergent results. In 2012, Donati et al. conducted a small study of 18 patients, finding 

significantly lower need for re-treatment in the laser combined with bevacizumab treatment arm after 

12 months, applying conventional central grid photocoagulation with green laser [38]. Three years 

later, Pielen and colleagues published a study of 30 patients, with no effect on need for re-treatment 

over six months when applying argon green-blue laser according to the BVOS protocol [40]. Likewise, 

the largest study on combination treatment to date, The BRIGHTER study, evaluating 455 patients 

found no difference in re-treatment need at six or 24 months follow-up [80,157], and neither did the 

most recent study on 32 patients with approximately nine months follow-up, published in 2019 [81]. 

The computer assisted navigated laser delivery system has been used in DME with reports of very 

high accuracy and lower rate of laser re-treatment [57,158]. In combination therapy, the TREX-DME 

study reported no difference between treat-and-extend and treat-and-extend plus navigated laser 

[159] but other studies exhibited promising results with lower anti-VEGF re-treatment rates [82,160]. 

Liegl and colleagues conducted a randomized study on 66 patients with DME and found significantly 

lower anti-VEGF re-treatment need in the combination treatment group during 12 months  

follow-up [82]. Based on the study by Liegl et al. we hypothesized that navigated central laser 

photocoagulation attributed to lower need for re-treatment with anti-VEGF, and aimed to evaluate if 

this might apply in BRVO patients. Later, our colleagues reported results on a randomized clinical 

trial in DME patients, with no significant difference between treatment with navigated vs. conventional 

laser [161], and concluded that timing of laser might be the determining factor.  

Notably, our cohort did very well in functional and structural outcomes, with similar or lower number 

of re-treatments than previous studies [70]. It is possible that our cohort represent a milder range of 

BRVO in regards to baseline VA and CRT, and perhaps combination treatment could prove more 

useful in a subgroup of more severe and perhaps ischemic RVO. 

Functional and structural outcomes 

In the current study, visual acuity improved a mean 12.8 and 15.1 letters from baseline to end of 

follow-up at 12 months in Group A and Group B, respectively. This is in line with anti-VEGF treatment 

arms of existing clinical trials in BRVO with letter gains ranging from +6.0 to +18.8, with only one arm 

of one study reporting +6.0 and the remaining majority between +12.1 and +18.3 [70]. When 

evaluating visual acuity gains a ceiling effect exists, since patients with high baseline visual acuity 
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cannot improve as many letters as patients with lower baseline visual acuity. Our cohort had a 

relatively high median baseline visual acuity of 70.0 (62.0;75.0) (Table 6), compared to previous 

studies with mean baseline visual acuities ranging from 39.5 letters to 64.5 letters [70], but our study 

still exhibited comparable letter gains. 

In structural outcomes, our study report median CRT decreases of -195 (-276;-145) µm and  

-181 (-263 ;-157) µm in Group A and Group B, respectively. As in visual acuity, the extent of change 

in retinal thickness is to a certain degree dependent on the baseline value. Still, the results of the 

current study are largely in line with previous clinical trials, even though a large divergence exist 

between studies in both baseline value and CRT change [70]. 

Numerically, we observed a slight difference in both VA gain and CRT between groups, with lower 

VA gain (+12.8 vs +15.1 letters) and larger decline in CRT (-195 vs. -181 µm) in the laser-treated 

group. The difference did not reach statistical significance when tested with regular non-parametric 

tests (data not shown). We tested the difference between groups using mixed-effects linear 

regression as described and found no difference between groups (p= 0.48 and p=0.82). This was 

done to evaluate differences in the course of VA and CRT between groups, over all 12 visits, instead 

of only visit 12. The model takes into account that a difference in baseline value probably influence 

results, and that any difference in influence of randomization group might exist between visits (since 

laser was applied at month three, and that effect of laser is even slightly deferred). The course of VA 

and CRT is depicted in Figure 15, visualizing no tendency to significant difference between groups. 

The impact of laser treatment protocol 

Overall, combination treatment with laser photocoagulation in previous studies with BRVO has been 

conducted in two ways; as planned treatment at baseline or after a pre-planned period of anti-VEGF 

treatment, or as deferred laser treatment reserved for those not responding sufficiently to anti-VEGF 

treatment. The latter is also referred to as rescue laser, and will not be addressed further in this thesis, 

except to say that the need for rescue laser in existing anti-VEGF studies addresses a group of 

patients insufficiently treated with anti-VEGF alone and stresses the continued need for alternative 

treatment regimens [70]. 

Differences exist between the four existing BRVO combination treatment studies in treatment protocol 

and follow-up time, and all four differ from our treatment regimen. Donati et al investigated 

combination treatment with three loading doses of bevacizumab followed by PRN until month 12 and 

applied green laser according to the BVOS criteria at one week after first bevacizumab injection. 

They report lower injection burden in laser treated patients [38]. Callizo et al conducted a very similar 

study, but applied laser after two weeks, and found no difference in re-treatment need between 

groups [81]. The RABAMES and the BRIGHTER study were two larger clinical trials. RABAMES 

applied argon green-blue laser according to the BVOS protocol at baseline, and with optional laser 

re-treatment at day 54-58, while the BRIGHTER study applied laser when indicated by the 

investigator and at investigators discretion, with no specified laser application protocol [40,80,157]. 

Neither RABAMES nor BRIGHTER report effect of laser on anti-VEGF re-treatment need. Based on 
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the oxygen theory, we might speculate that impact of laser could be lower in patients with less 

ischemia, and thus milder disease, which might also affect the low impact of laser in our study. 

However, in the BRIGHTER trial, authors evaluated difference in response to laser treatment 

between ischemic and non-ischemic BRVO and found no significant difference[80].  

The design of the present study was based on the study design by Liegl and colleagues in DME 

patients and the hypothesis that utilizing navigated laser might be a decisive factor in the effect of 

combination treatment. Our results suggest that this is not the case. As the basic disease causing 

the macular edema differs between the two studies, differences in results might be due to that alone. 

However, other factors might also be at work; they utilized ranibizumab as VEGF inhibitory agent and 

their patients had lower baseline visual acuity, and even though the timing of laser and follow-up time 

were the same, they utilized a slightly different laser treatment protocol, where pulse duration was 

100 ms instead of starting at 20 ms. 

We conclude, based on the laser characteristics reported in Table 7, that our laser treatment protocol 

was well adapted between inclusion sites, and even if slight differences seem to exist in spot duration 

average and power average, the total applied power did not differ between sites. Since none of the 

above studies, report the actual amount of applied laser in their cohort, we cannot compare directly 

with our laser characteristics. 

Retinal sensitivity and macular laser 

We report no significant difference in retinal sensitivity between treatment groups. While a small 

numerical difference was reported in change of retinal sensitivity from baseline to month 12, this was 

statistically insignificant and was attributed to a slight baseline difference between groups (Table 9). 

A sensitivity analysis of retinal sensitivity of only the affected hemi-retina returned similar results. The 

detrimental effect of laser photocoagulation is a common clinical concern of the treatment, and retinal 

sensitivity has been shown to be markedly decreased over laser scars [162]. In a recent study in 

DME patients, retinal sensitivity was lower in areas of laser treatment, than areas without, but results 

might have been biased by areas of laser treatment also being areas of pathology [163]. The equality 

in mean retinal sensitivity and sensitivity change between groups in our study is re-assuring and can 

be considered a signal of high functional safety of the laser treatment. However, our assessment is 

limited by covering only the most central area of the macula and evaluating only a standardized grid 

pattern to ensure equality in evaluation between laser and no laser treatment groups. Thus, solitary 

scotomas exactly at the site of laser burns might have been missed. No patients reported subjective 

symptoms suggestive of scotomas.  

Predicting treatment outcome 

Male sex was associated with a lower likelihood of needing anti-VEGF re-treatment after loading 

phase (p<0.05). While the HORIZON trial report association between male sex and good visual acuity 

outcome[91], a recent review speculates if higher hematocrit in male patients might attribute to lower 

VEGF drive, and thus better treatment response[89]. Our findings support this theory, though other 
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factors, e.g. hormonal differences, might also be at play. Retinal arteriolar saturation had a near-

significant predictive value, with higher baseline saturation decreasing the likelihood of need for re-

treatment (p=0.05). The resulting multivariable model has a very promising AUC of 0.92, indicating a 

high ability to predict the outcome - comparably a value of 0.50 can be considered the same predictive 

value as flipping a coin. 

Lower age was significantly associated with a lower likelihood of presence of macular edema at 

month 12 (p<0.05). Age has previously been confirmed as inversely associated with visual acuity 

outcome of anti-VEGF treatment [89], but has not been previously evaluated with structural 

outcomes. Meanwhile, retinal arteriolar saturation was nearly significant as predictor of the outcome 

with higher baseline value decreasing the likelihood of macular edema. The multivariable model, 

including arteriolar saturation, presents with an AUC of 0.77, only slightly higher that the AUC of the 

multivariable model without arteriolar saturation 0.74, thus representing a limited supplementary 

value. 

The likelihood of improving 10 or more ETDRS letters was not significantly associated with any of the 

evaluated biomarkers. In this analysis, area of FAZ represented the most useful marker as addition 

to the multivariable model, increasing AUC from 0.65 to 0.83. 

RETINAL OXIMETRY 

While none of the evaluated markers proved significant in predicting treatment need, structural or 

functional outcomes, retinal oximetry measures and particularly arteriolar saturation were the most 

promising marker in two of the three outcome measures. The power calculation for the present study 

was based on the primary outcome measures (paper III), and power calculations for these secondary 

analyses were not conducted. In the regression model on need for re-treatment and macular edema 

at month 12, we speculate that a higher number of included patients might have returned statistically 

significant impact of retinal arteriolar saturation as predictive marker.  

Retinal oximetry measures overall serve as metabolic markers of the retina. In BRVO, arteriolar 

saturations have been reported higher in affected vessels [104,164,165], and most pronounced so in 

ischemic BRVO [164–166]. Meanwhile, venular saturations in BRVO are highly variable [104]. Only 

one study reported prospective data on retinal oximetry measures in BRVO, and found significant 

increases in venular saturations over 12 months, but no predictive value on visual acuity after anti-

VEGF treatment[107]. This study was limited by a high loss to follow-up (35 of 111 patients) and did 

not evaluate the predictive value of arteriolar saturation. 

Previous retinal oximetry studies in BRVO, found significant changes in the affected vessel, 

compared to the contralateral vessels of the same eye and compared to the same vessel of the fellow 

eye [104,107,166], Therefore, it is possible that measurement of only the affected vessel, rather than 

all four quadrant vessels, might be a stronger biomarker in predictive models. 
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OCT-A 

Angiographic changes of OCT-A images have previously been reported in studies of BRVO, finding 

lower vessel density in the SCP and DCP and larger area of FAZ in the DCP, compared with fellow 

eyes and healthy controls [99,100]. The studies were limited by their retrospective design and mixed 

measurements of treated and untreated eyes. An uncontrolled, observational study on resolved 

BRVO patients found that higher perfusion area and lower area of FAZ correlated significantly with 

high BCVA[101]. In 2018, the same research group, Winegarner and colleagues, reported a well-

conducted, retrospective study of 48 patients with RVO (38 BRVO, 10 CRVO), and found higher 

vessel density of both SCP and DCP significantly correlated with higher visual acuity at 12 months 

follow-up [92]. Even though similarities exist between their study and ours, several differences might 

explain why our conclusions differ. First, we only included BRVO (and HRVO) patients, while 21% of 

the population in the study by Winegarner et al. consisted of CRVO patients, and while no studies 

compare OCT-A changes between BRVO and CRVO patients directly, the differences in clinical 

characteristics are not unlikely to affect OCT-A measures. Second, they utilize the Cirrus SD-OCT 

(Carl Zeiss Meditec Inc., USA) system for acquisition and analysis of OCT-A, and even if different 

systems have similar performance, the quantitative measurements may diverge Also, Winegarner 

and colleagues evaluated BCVA as a continuous measure, while we defined a binary BCVA endpoint 

along with treatment need and presence of edema. Lastly, the high number of discarded images in 

our study may have biased our results. 

MICROPERIMETRY 

An association has been established between macular sensitivity and visual acuity and macular 

morphology during treatment with anti-VEGF in RVO [109]. However, retinal sensitivity as predictive 

marker of treatment need or outcome has not been thoroughly evaluated. A small prospective study 

evaluated predictive value of retinal sensitivity on one-month BCVA outcome after anti-VEGF 

treatment in BRVO, and found day one (post-injection), but not baseline, retinal sensitivity to be 

associated with visual acuity outcomes[111]. Our results suggest that mean retinal sensitivity has 

limited value in prediction of re-treatment need, functional or structural outcomes at 12 months follow-

up. In fact, in evaluation of re-treatment need and macular edema at month 12, no improvement in 

AUC was established with addition of mean retinal sensitivity to the regression model. Only in 

prediction of improving ten or more letters from baseline, did the model improve slightly from AUC 

0.65 to 0.70. 

6.3 Overall 

Coding matters  

Coding of diagnoses and procedures may seem unrewarding in daily clinical life, but serves an 

important role in communication and economical structure of the Danish health care system. More 

importantly, it enables and assures the quality of our registry-based research. The overall validity of 

the diagnostic codes in DNPR is high, but varies, and validation studies on the positive predictive 
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value of the diagnostic codes within the field of research are important for reliable results [112]. Many, 

but not all, of the diagnostic codes utilized in the current study have been validated, as mentioned in 

the methods (4.1.5) and methodological considerations (6.4) section.  

In the DNPR, a new ICD system was implemented in 1994 with new codes and subcodes, to allow 

for a more detailed coding of diseases. Thus, we chose to include patients from 1998 and onward, to 

allow for habituation to the new practice. Still, the number of RVO patients coded with the overall ICD 

code (H348) was proportionally much higher than patients coded with subcodes depicting anatomical 

locations of the disease (H348A-E) in the beginning of the study period than in the end (Table 2). 

Therefore, the subgroup analysis of BRVO and CRVO patients performed in Study A, reflect relatively 

more patients from the last part of the study period, when these subcodes were more prevalently 

used. Also, we were hindered in conducting a stratified analysis according to anti-VEGF drug, 

because registration of ATC code, along with procedure code, has not been compulsory, leaving the 

registry data incomplete. The same issue was reported in another Danish [167] and a recent 

Norwegian study [148]. 

Imaging in RVO 

Baseline imaging in RVO patients of study B was to some degree troubled by the acute clinical 

characteristics of the disease. While e.g. color fundus photography and OCT were generally of high 

quality and easy to acquire, at least in patients with no significant media opacities, we had trouble 

obtaining high-quality data within both microperimetry, OCT-A and retinal oximetry. Especially OCT-

A proved more troublesome than expected, and was highly limited as a quantitative measure at 

baseline. 

In microperimetry, our baseline measurement settings were based on a previous study in BRVO 

patients [109], and the 4-2-1 staircase strategy was applied for maximum precision in threshold 

estimation. The grid size and measurement pattern were chosen based on a wish for many 

measurement points within the macula. It was tested on healthy individuals before the study 

commenced with acceptable output. However, it turned out to be a long-standing procedure in 

patients with low visual acuity due to BRVO, and especially at baseline, it was difficult for selected 

patients to complete the examination. It might have been preferable to perform a 4-2 staircase 

strategy, and maybe even a more localized grid, in order to keep examination time lower. Adding 

extra test points over selected laser spots could have provided interesting knowledge of possible 

microscotomas, since previous studies on lasers effect on retinal sensitivity were performed over 

laser scars from former laser systems. We would expect novel laser systems and settings to be less 

destructive, which could have been more thoroughly reflected in supplementary measurement points. 

OCT-A images were acquired without major problems in the majority of patients. However, images 

at baseline were affected by large cystic edemas and other artefacts. Therefore, image analysis with 

the MATLAB software resulted in a large amount images with faulty tracing of the areas of interest 

(see example Figure 22). Some artifacts might be avoided, or bettered, by acquiring 3x3mm instead 

of 4.5x4.5mm images. The faulty delineation was most often a consequence of the baseline retinal 
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characteristics of the disease, however the issue might be less problematic in other OCT-A systems 

[92]. In a setup similar to ours, we speculate that OCT-A imaging after suppression of macular edema 

by anti-VEGF might be more valuable. 

In retinal oximetry, hemorrhages near the vessels of interest are the primary concern, since nearby 

hemorrhages might change the contrast in light intensities, which in turn may change the estimation 

of saturation [104]. In our study, the mean saturation was the variable of interest, and in the few 

images where hemorrhages near the optic disc precluded measurements on that vessel, the mean 

saturation was based on remaining vessels. However, existing studies show that unaffected vessels 

in the eye of the BRVO might have unchanged saturations, why future studies should test saturation 

of only the affected vessels as possible predictive biomarker. 

6.4 Methodological considerations 

Study A 

The main strength of the current study was the long-term population-based cohort study design, 

utilizing validated Danish registries. The study, however, also posed several limitations. 

The study overall, was limited by lack of socioeconomic, lifestyle and genetic data which might 

contribute to residual confounding.  

In the substudy of anti-VEGF treatment in RVO patients, we explored our own definitions of CVD 

outcomes, to properly reflect the Danish health care system, which limited comparability with existing 

studies most often evaluating the defined adverse outcomes by the Antiplatelet Trialists' 

Collaboration definition [168]. Furthermore, we were too limited in power to perform subgroup 

analyses on intensive treatment and all-cause mortality and on previous CVD and intracranial 

hemorrhage. Lastly, since registration of ATC codes for anti-VEGF injections was to sporadically 

registered, we were not able to test for differences in outcomes between different anti-VEGF drugs. 

Based on a nationwide cohort design, results of study A should be referable to other Caucasian 

populations above the age of 40 followed in a hospital setting with free access to health care services, 

e.g. other Nordic countries and cannot safely be extrapolated to other cohorts. The internal validity is 

limited by the lack of validation studies on ophthalmic diagnostic codes in the DNPR, why we seeked 

to ascertain validity by only including ophthalmic diagnoses given at departments of ophthalmology. 

The study provides data on a largely unselected range of patients, reflecting actual treatment regimen 

and with longer follow-up time, making results more generalizable compared to e.g. clinical trials. 

 

Study B 

The main strength of this study was the randomized clinical study design, with clinically relevant 

outcome measures for comparison with previous trials. The study population was well balanced at 

baseline, and the study visits were conducted by a small group of trained personnel ensuring high 
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quality of the collected data. The inclusion at two ophthalmic treatment centers significantly increases 

the external validity of the results, while the uniformity of image acquisition and treatment between 

sites was ascertained by thorough standard operating procedures guidelines. 

The primary limitation of the study was the relatively small number of patients. While a power 

calculation based on a previous study in DME patients [82] was judged to be the most appropriate, 

this was uncertain due to the different nature of the diseases and thus slightly explorative nature of 

the current study. It was, however, supported by a lower sample size of a previous study in BRVO 

[38] testing another combination approach with positive results. The open-label nature of the study 

was chosen due to trouble blinding of double-blinding on application of laser treatment, but all image 

analyses was performed without knowledge of treatment allocation or outcome. 

Some image acquisitions were performed on mydriatic eyes, even though optimally it should have 

been performed on miotic eyes (OCT and microperimetry), due to what was organizationally possible 

at patient visits. However, this was done equally in all patients and all visits, and the impact on results 

is supposedly mainly theoretical according to the manufacturers.  

As previously discussed, the area of microperimetry measurements does not cover the entire 

treatment area, and retinal sensitivity changes exactly at the point of laser treatment might have been 

missed. In OCT-A, a large amount of images had to be discarded from further analysis, which might 

bias results. 

The randomized clinical study design of study B is strong in evaluation of a causal effect of treatment 

intervention. However, due to many criteria of selection of the study participants, the results have 

lower external validity. Thus, the presented results are only ascertained in patients comparable in 

baseline characteristics as well as inclusion and exclusion criteria, as those presented in the Methods 

and Results section. Lack of clinical data on baseline excluded individuals, limits the possibility of 

extrapolating results beyond this patient group. Furthermore, the applicability of the treatment 

regimen on the less standardized visual acuity measurement, utilized in the daily clinic, might affect 

the treatment efficacy in a clinical setting. 
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7. Conclusion 
In conclusion, patients above 40 years of age with a retinal vein occlusion have increased risk of 

cardiovascular disease, particularly non-ischemic and ischemic, and this risk is higher in a novel 

population registered in DNPR after the introduction of VEGF inhibitory treatment in 2011. Meanwhile, 

CRVO patients registered prior to 2011 had significantly increased risk of all-cause mortality, whereas 

this association was not present in CRVO patients registered after 2011. 

Treatment with anti-VEGF agents in retinal vein occlusion patients above 40 years of age is 

associated with increased risk of incident intracranial hemorrhage, while a tendency to increased risk 

of incident myocardial infarction could not be safely excluded. No increased risk of ischemic stroke, 

heart failure, or all-cause mortality was reported. 

Aflibercept and navigated central laser in a combination treatment regimen did not lower the need for 

re-treatment with aflibercept after the loading phase in branch retinal vein occlusion patients with 

macular edema. Structural and functional outcomes were equal to aflibercept monotherapy, with a 

low re-treatment need in both groups and the laser treatment did not affect retinal sensitivity 

measured by microperimetry. 

Retinal oximetry, and in particular retinal arteriolar saturation, might provide predictive information on 

treatment need in branch retinal vein occlusion patients and should be evaluated further, whilst OCT-

A parameters were difficult to obtain at baseline due to artifacts from the edema. Meanwhile, retinal 

sensitivity measured by microperimetry provided no additional predictive value in evaluated 

outcomes. 
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8. Perspectives  

This thesis overall aimed to provide a novel insight to the risk of cardiovascular disorders and all-

cause mortality in RVO patients, and in association with anti-VEGF treatment, and to try to reduce 

the treatment burden and evaluate possible predictive biomarkers in BRVO patients. 

Based on this study we now know, that patients with RVO are at increased risk of CVD, and that the 

risk is probably higher than hitherto reported. Particularly, risk of non-ischemic CVD; including 

diagnoses like atrial fibrillation, non-ischemic heart failure, aortic disease and intracranial 

hemorrhages, is higher in the cohort after 2011, probably reflecting the RVO patients we meet at the 

hospital departments today. While this is not ground for any direct changes in the clinical 

management of RVO patients, it underlines the importance of evaluating the a priori risk of these 

diseases, and referring patients for further assessment at their primary health care provider or a 

cardiology department when necessary. Future studies addressing more specifically which of the 

non-ischemic diseases are of increased risk would provide data that are more detailed, for clinicians 

to be aware of certain diseases in particular. 

We also know now, that an increased risk of intracranial hemorrhage exist in RVO patients treated 

with anti-VEGF, though to what extent cannot be precisely quantified, and we cannot safely preclude 

an increased risk of myocardial infarction. Intracranial hemorrhage is a relatively rare event with an 

incidence rate of 24 per 100.000 person-years [169], and a relative increase in this risk, might attribute 

a miniscule number of events. The most recent guidelines from 2021 on RVO treatment from the 

Danish Medicines Council, settle accounts with the previous clinical practice of anti-VEGF as 

relatively contraindicated in patients with recent cardiovascular events. The results of our study 

confirm that no increased risk was connected to presence of previous CVD and we found no 

increased risk of ischemic stroke, heart failure or PAD. However, the increased risk of intracranial 

hemorrhage and uncertainty regarding myocardial infarction, still raises concern as to the use of 

these agents in patients at high risk of these events. Changes in clinical guidelines cannot be based 

solely on the current data, and a plausible explanation can only be speculated. While we have done 

everything within the possibilities of the registries, to adjust for arterial hypertension in the models, 

we cannot exclude arterial hypertension as contributing to the results. Anti-VEGF has been shown to 

increase risk of arterial hypertension in both oncology and ophthalmology, it is probably the most 

well-established systemic risk factor for development of retinal vein occlusion, and is estimated to 

account for over half of all intracerebral hemorrhages, a subtype of intracranial hemorrhage [170]. 

Therefore, an influence of arterial hypertension seems impossible to rule out. While this is purely 

speculative, extra awareness of arterial blood pressure in retinal vein occlusion patients receiving 

anti-VEGF treatment might be indicated and could be an interesting topic for further investigation. 

The findings on intracranial hemorrhage and myocardial infarction in the present study should be 

investigated and quantified further, ideally in an even larger cohort, e.g. including all treated patients 

regardless of anti-VEGF indication. 



78 

 

 

Findings on anti-VEGF treatment are overall reassuring, but the treatment is inadvertently not without 

iatrogenic complications and the inconvenience for patients and economic burden of treatment call 

for continuous attention to improve treatment and follow-up regimens.  

Our study shows that combination of navigated laser with aflibercept is not valuable in lowering need 

for anti-VEGF in branch retinal vein occlusion patients. Patents on some of the current anti-VEGF 

agent are soon to expire, why lowering treatment need becomes less urgent from a socio-economical 

perspective. However, searching for optimal treatment regimens should still be sought, to lower risk 

and inconvenience for the patients. In retinal vein occlusion, head-to-head trials are warranted on a 

pro re nata vs. a treat-and-extend regimen or on number of loading doses, while novel agents and 

delivery systems are under continued development. Macular grid laser photocoagulation might be 

reserved for patients with insufficient responses or low adherence to anti-VEGF treatment, however, 

its future role is still to be well established. 

To increase knowledge of the disease and enable personalized treatment regimens, novel 

biomarkers should continuously be explored. While retinal sensitivity by microperimetry can be 

disregarded as candidate, metabolic markers, and in particular arteriolar saturation, might be the 

most promising and should be evaluated further in future studies.  
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10. Appendices



Disease/Disease group ICD8 ICD10 ATC Additional criteria
Retinal vein occlusion

RVO (all subgroups) 37703 H348*
BRVO H348C
CRVO H348D+F

Unspecified RVO H348, H348A+B+E
Anti-VEGF

Anti-VEGF treatment - KCKD05B Not applied
CVD outcomes
Paper I Composite CVD All below (paperI) All below (paperI) Not applied

Acute myocardial infarction 410*
I21*- I22*, I23*, I240*-

I241*, I248, I249*
None

Atherosclerotic heart disease 411*, 413* I20*, I251, I258, I259 None

Coronary artery bypass graft N/A
KFNA*-KFNF*, KFNH*, 
KFNJ*-KFNK*, KFNW*

None

Ischemic stroke 433*-436* I63*-I64*, G458, G459 None

Peripheral arterial disease 445* I702, I702A, I739A, I739C Only as primary diagnosis

Other arterial occlusion 444* I74* None

Non-ischemic heart failure
42709, 42710, 42711, 
42719, 42899, 78249

I110, I130, I132, I420, I429, 
I500*-I501*, I509*

Only as primary diagnosis AND 
EXCLUDED if any prior diagnosis of acute 
myocardial infarction, atherosclerotic heart 
disease or coronary artery bypass graft.

Pulmonary hypertension - 
idiopathic

426* I270 None

Atrial fibrillation / atrial flutter 42793, 42794 I48* None
Non-ischemic stroke 430*, 431* I60*-I62* None
Aortic dissection 44109 I710* None

Aortic dilation/aneurysm
44110, 44111, 44119, 
44120, 44121, 44129, 

44199
I711*-I716*, I718*-I719* None

Aortic stenosis
39590, 39592, 39603, 
39604, 39690, 39693, 

39694 
I060, I062, I350, I352 None

Pulmonary hypertension (chronic 
thromboembolic)

426* I272 None

Cerebral venous thrombosis N/A I676* None
Deep venous thrombosis 45100, 45108, 45109 I801*-I803* None
Pulmonary embolism 45099 I26, I260, I269* None

Paper II Composite CVD All below All below As described below

Acute myocardial infarction 410*
I21*- I22*, I23*, I240*-

I241*, I248, I249*

Heart failure
42709, 42710, 42711, 
42719, 42899, 78249

I110, I130, I132, I420, I426-
I427, I429, I500*-I501*, 

I509*
Only as primary diagnosis

Ischemic stroke (TIA incl.) 433*-436* I63*-I64*, G458, G459
Intracranial hemorrhage 430*, 431* I60*-I62*

Peripheral arterial disease 444*, 445*
I702, I702A, I739A, I739C, 

I74*
Only as primary diagnosis

Covariates

Smoking-related disorders - J44*, J96*, J13*-18* Not applied

J44 only as  primary diagnosis and if 
patient is >30 years at diagnosis AND/OR 

J96 as A-diagnosis AND ONLY in 
combination with J44 as B-diagnosis 
AND/OR J13-18 as A-diagnosis AND 
ONLY in combination with J44 as B-

diagnosis
Patients with a minimum of 2 medicine 
prescriptions of A10A or A10B within 12 
months OR ICD10 E10* or ICD8 249* or 

250* AND age <30 yrs at time of diagnosis 
AND at least one A10A ATC prescription 
OR At least two registrations of ICD10 

E11* OR At least one registration of ICD10
E12*-E14*

EXCLUDED if ICD diagnosis or ATC 
prescription is within 12 months after a 

registration of ICD10 DO244/ICD8 63747 
(Gestational diabetes) OR ever diagnosed 

with PCOS: ICD10 DE28.2
α adrenergic blockers (C02A*, 

C02B*, C02C*)

non-loop diuretics (C02DA*, 
C02L*, C03A*, C03B*, C03D*, 

C03E*, C03X*, C07C*, 
C07D*, C08G*, C09BA*, 

C09DA*, C09XA52)

vasodilators (C02DB*, 
C02DD*, C02DG*)

β blockers (C07*, MC09BX02, 
MC09BX04, MC09BX05)

calcium channel blockers 
(C07FB*, C08*, C09BB*, 

C09DB*)
renin-angiotensin system 

inhibitors (C09*)
Others Neo-vascular AMD H353J, H353K

Diabetic macular edema H360K

Not applied
Only when registered by specialty 

department (044)

Ischemic CVD Not applied

Non-ischemic CVD Not applied

Venous occlusion Not applied

Not applied

ICD code AND/OR Combination treatment 
with at least two different groups of 
antihypertensive medication, each 

prescribed at least twice within 12 months

*= Subgroups included

Diabetes 249*, 250* E10*-E14* A10A*, A10B*

Hypertension 400*-404*
I10*, I11, I119*, I12*,I13, 

I131, I139, I15

Codebook of diagnostic codes (ICD) and therapeutical codes (ATC) of the present study A. RVO= retinal vein occlusion, BRVO= 
branch retinal vein occlusion, CRVO= central retinal vein occlusion, VEGF= vascular endothelial growth factor, CVD= cardiovascular disease, TIA= transitory 
ischemic attack, AMD= age-related macular edema
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10.2 APPENDIX B 

Directed acyclic graphs (DAG) on causal paths for study B (paper II). A: The overall DAG including all ancestors of anti-VEGF treatment, laying 
the ground for excluding those with neovascular age-related macular generation (nAMD) or diabetic macular edema (DME) AND retinal vein 
occlusion (RVO). B: DAG of the applied model, including ancestor of exposure, exposure and outcomes along with possible uncontrolled 
confounders. CVD= cardiovascular disease, VEGF= vascular endothelial growth factor, CCI= Charlsons comorbidity index. Drawn using daggitty.net. 
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1.00 (0.97;1.03)

Fully adjusted**
1.01 (0.98;1.04)

Fully adjusted**
0.97 (0.91;1.02)

ref.
ref.

3,978
69,660

57.1
1,238

28,229
43.9

ref.
ref.

306
66,811

4.6
132

26,936
4.9

ref.
ref.

1,707
56,840

30.0
689

22,486
30.6

46.8

ref.
ref.

1,607
48,806

32.9
545

21,037
25.9

2,161
42,165

51.3
822

17,578

R
V

O
 p

rio
r to

 2011
R

V
O

 after 2011

H
azard ratio

H
azard ratio

ref.
ref.

ref.

E
xposed

5,216
97,889

53.3

ref.

E
xposed

438
93,748

4.7

ref.

E
xposed

2,396
79,326

30.2

ref.

E
xposed

2,152
69,842

30.8

R
V

O

H
azard ratio

ref.

E
xposed

2,983
59,743

49.9
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A
ppendix C

1 - Table of num
ber of events, person-years at risk (PYR

), crude, sem
i-adjusted and adjusted hazard ratio (H

R
) of the overall C

ox regression 
analysis of Study A

, paper I, evaluating H
R

 of cardiovascular diseases (C
VD

) in patients w
ith retinal vein occlusion (R

VO
) overall, and separately for R

VO
 

registered either prior to or after 2011 com
pared to patients w

ithout R
VO

. *adjusted for sex and age at entry, ** adjusted sex, age at entry, index year, m
arital status at entry 

and com
orbidities. ref.= reference.

91



N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

C
V

D

N
ot exposed

910,125
49,466,809

18.4
910,125

49,466,809
18.4

910,125
49,466,809

18.4

C
rude

1.22 (1.10;1.34)
C

rude
1.25 (1.04;1.50)

C
rude

1.21 (1.07;1.35)

S
em

i-adjusted*
1.26 (1.14;1.39)

S
em

i-adjusted*
1.28 (1.06;1.54)

S
em

i-adjusted*
1.25 (1.11;1.40)

F
ully adjusted**

1.14 (1.03;1.25)
F

ully adjusted**
1.10 (0.92;1.32)

F
ully adjusted**

1.15 (1.02;1.29)

Isch
em

ic C
V

D

N
ot exposed

629,726
52,050,087

12.1
629,726

52,050,087
12.1

629,726
52,050,087

12.1

C
rude

1.14 (1.02;1.29)
C

rude
1.25 (1.00;1.55)

C
rude

1.11 (0.96;1.27)

S
em

i-adjusted*
1.36 (1.20;1.52)

S
em

i-adjusted*
1.41 (1.13;1.75)

S
em

i-adjusted*
1.33 (1.16;1.53)

F
ully adjusted**

1.18 (1.05;1.33)
F

ully adjusted**
1.19 (0.96;1.48)

F
ully adjusted**

1.18 (1.02;1.35)

N
o

n
-isch

em
ic C

V
D

N
ot exposed

531,861
55,146,574

9.6
531,861

55,146,574
9.6

531,861
55,146,574

9.6

C
rude

1.40 (1.23;1.59)
C

rude
1.30 (1.05;1.61)

C
rude

1.40 (1.23;1.59)

S
em

i-adjusted*
1.29 (1.13;1.46)

S
em

i-adjusted*
1.25 (1.01;1.54)

S
em

i-adjusted*
1.29 (1.13;1.46)

F
ully adjusted**

1.22 (1.07;1.38)
F

ully adjusted**
1.06 (0.86;1.31)

F
ully adjusted**

1.22 (1.07;1.38)

V
en

o
u

s d
isease

N
ot exposed

126,325
57,533,005

2.2
126,325

57,533,005
2.2

126,325
57,533,005

2.2

C
rude

1.21 (0.95;1.56)
C

rude
1.59 (1.04;2.41)

C
rude

1.08 (0.79;1.47)

S
em

i-adjusted*
1.02 (0.79;1.31)

S
em

i-adjusted*
1.41 (0.93;2.14)

S
em

i-adjusted*
0.88 (0.65;1.21)

F
ully adjusted**

0.99 (0.78;1.28)
F

ully adjusted**
1.38 (0.91;2.10)

F
ully adjusted**

0.86 (0.63;1.18)

A
ll-cau

se m
o

rtality

N
ot exposed

1,128,488
58,681,161

19.2
1,128,488

58,681,161
19.2

1,128,488
58,681,161

19.2

C
rude

0.84 (0.78;0.92)
C

rude
0.96 (0.82;1.12)

C
rude

0.80 (0.73;0.89)

S
em

i-adjusted*
0.97 (0.89;1.05)

S
em

i-adjusted*
1.06 (0.91;1.24)

S
em

i-adjusted*
0.93 (0.84;1.03)

F
ully adjusted**

0.95 (0.87;1.03)
F

ully adjusted**
0.96 (0.82;1.13)

F
ully adjusted**

0.94 (0.85;1.04)

ref.
ref.

ref.

37.1
E

xposed
537

14,060
38.2

159
3,869

41.1
378

10,191

ref.
ref.

ref.

E
xposed

62
13,508

4.6
22

3,743
5.9

40
9,764

4.1

ref.
ref.

ref.

E
xposed

322
11,442

28.1
85

3,242
26.2

237
8,201

28.9

ref.
ref.

ref.

E
xposed

278
10,595

26.2
81

2,923
27.7

197
7,672

25.7

ref.
ref.

ref.

E
xposed

398
9,071

43.9
113

2,583
43.7

285
6,488

43.9

B
R

V
O

B
R

V
O

 p
rio

r to
 2011

B
R

V
O

 after 2011

H
azard ratio

H
azard ratio

H
azard ratio
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ber of events, person-years at risk (PYR

), crude, sem
i-adjusted and adjusted hazard ratio (H

R
) of the overall C

ox regression 
analysis of Study A

, paper I, evaluating H
R

 of cardiovascular diseases (C
VD

) in patients w
ith branch retinal vein occlusion (B

R
VO

) throughout the study, 
and separately for B

R
VO

 registered either prior to or after 2011 com
pared to patients w

ithout R
VO

. *adjusted for sex and age at entry, ** adjusted sex, age at entry, 
index year, m

arital status at entry and com
orbidities.  R

V
O

= retinal vein occlusion, ref.= reference



N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

N
um

ber of 
events.

P
Y

R
E

vent 
rate/1000 

P
Y

R

C
V

D

N
ot exposed

909,994
49,452,400

18.4
909,994

49,452,400
18.4

909,994
49,452,400

18.4

C
rude

1.23 (1.10;1.37)
C

rude
1.22 (1.03;1.46)

C
rude

1.23 (1.07;1.41)

S
em

i-adjusted*
1.22 (1.10;1.36)

S
em

i-adjusted*
1.20 (1.01;1.43)

S
em

i-adjusted*
1.24 (1.08;1.42)

F
ully adjusted**

1.12 (1.00;1.25)
F

ully adjusted**
1.08 (0.91;1.29)

F
ully adjusted**

1.14 (0.99;1.31)

Isch
em

ic C
V

D

N
ot exposed

629,658
52,035,254

12.1
629,658

52,035,254
12.1

629,658
52,035,254

12.1

C
rude

1.12 (0.99;1.28)
C

rude
1.17 (0.95;1.44)

C
rude

1.10 (0.93;1.30)

S
em

i-adjusted*
1.27 (1.11;1.44)

S
em

i-adjusted*
1.24 (1.01;1.53)

S
em

i-adjusted*
1.28 (1.09;1.51)

F
ully adjusted**

1.12 (0.99;1.28)
F

ully adjusted**
1.08 (0.88;1.33)

F
ully adjusted**

1.15 (0.98;1.36)

N
o

n
-isch

em
ic C

V
D

N
ot exposed

531,799
55,131,367

9.6
531,799

55,131,367
9.6

531,799
55,131,367

9.6

C
rude

1.38 (1.18;1.60)
C

rude
1.22 (1.00;1.48)

C
rude

1.38 (1.18;1.60)

S
em

i-adjusted*
1.24 (1.07;1.44)

S
em

i-adjusted*
1.13 (0.93;1.38)

S
em

i-adjusted*
1.24 (1.07;1.44)

F
ully adjusted**

1.16 (1.00;1.35)
F

ully adjusted**
1.00 (0.82;1.21)

F
ully adjusted**

1.16 (1.00;1.35)

V
en

o
u

s d
isease

N
ot exposed

126,322
57,517,535

2.2
126,322

57,517,535
2.2

126,322
57,517,535

2.2

C
rude

1.15 (0.87;1.51)
C

rude
1.13 (0.72;1.77)

C
rude

1.16 (0.81;1.64)

S
em

i-adjusted*
0.97 (0.74;1.28)

S
em

i-adjusted*
1.03 (0.65;1.61)

S
em

i-adjusted*
0.94 (0.66;1.34)

F
ully adjusted**

0.91 (0.69;1.20)
F

ully adjusted**
0.98 (0.62;1.53)

F
ully adjusted**

0.87 (0.61;1.24)

A
ll-cau

se m
o

rtality

N
ot exposed

1,228,488
58,665,562

19.2
1,228,488

58,665,562
19.2

1,228,488
58,665,562

19.2

C
rude

1.10 (1.02;1.19)
C

rude
1.21 (1.08;1.35)

C
rude

1.03 (0.93;1.14)

S
em

i-adjusted*
1.20 (1.12;1.30)

S
em

i-adjusted*
1.26 (1.12;1.41)

S
em

i-adjusted*
1.16 (1.05;1.29)

F
ully adjusted**

1.12 (1.04;1.21)
F

ully adjusted**
1.41 (1.25;1.58)

F
ully adjusted**

0.97 (0.87;1.07)

ref.
ref.

ref.

E
xposed

662
11,657

56.8
289

4,476
64.6

373
7,181

51.9

ref.
ref.

ref.

E
xposed

50
11,128

4.5
19

4,304
4.4

31
6,824

4.5

ref.
ref.

ref.

E
xposed

270
9,327

28.9
102

3,682
27.7

168
5,645

29.8

ref.
ref.

ref.

E
xposed

228
8,517

26.8
89

3,152
28.2

139
5,365

25.9

ref.
ref.

ref.

E
xposed

329
7,145

49.6
128

2,719
47.1

201
4,426

45.4

C
R

V
O

C
R

V
O

 p
rio

r to
 2011

C
R

V
O

 after 2011

H
azard ratio

H
azard ratio

H
azard ratio

A
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3 - Table of num
ber of events, person-years at risk (PYR

), crude, sem
i-adjusted and adjusted hazard ratio (H

R
) of the overall C

ox regression 
analysis of Study A

, paper I, evaluating H
R

 of cardiovascular diseases (C
VD

) in patients w
ith central retinal vein occlusion (C

R
VO

) overall, and separately 
for C

R
VO

 registered either prior to or after 2011 com
pared to patients w

ithout R
VO

. *adjusted for sex and age at entry, ** adjusted sex, age at entry, index year, m
arital 

status at entry and com
orbidities.  R

V
O

= retinal vein occlusion, ref.= reference.
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Female Male Female Male Female Male

CVD

Crude HR (95% CI) 1.30 (1.23;1.36) 1.30 (1.24;1.35) 1.19 (1.03;1.37) 1.26 (1.05;1.52) 1.29 (1.10;1.50) 1.21 (1.02;1.44)

Adjusted HR (95% CI)* 1.33 (1.27;1.40) 1.29 (1.24;1.35) 1.26 (1.09;1.45) 1.29 (1.08;1.55) 1.35 (1.16;1.58) 1.19 (1.00;1.42)

Adjusted HR (95% CI)** 1.15 (1.09;1.21) 1.10 (1.06;1.15) 1.13 (0.98;1.30) 1.11 (0.92;1.33) 1.18 (1.01;1.38) 1.06 (0.89;1.26)

Ischemic CVD

Crude HR (95% CI) 1.27 (1.20;1.35) 1.33 (1.27;1.40) 1.12 (0.94;1.32) 1.25 (1.00;1.55) 1.19 (0.98;1.44) 1.15 (0.94;1.42)

Adjusted HR (95% CI)* 1.41 (1.33;1.50) 1.38 (1.31;1.45) 1.38 (1.16;1.63) 1.41 (1.14;1.76) 1.43 (1.18;1.73) 1.23 (1.00;1.51)

Adjusted HR (95% CI)** 1.18 (1.11;1.25) 1.15 (1.09;1.20) 1.20 (1.01;1.43) 1.18 (0.95;1.46) 1.21 (1.00;1.46) 1.05 (0.85;1.30)

Non-ischemic CVD

Crude HR (95% CI) 1.33 (1.26;1.41) 1.30 (1.24;1.37) 1.36 (1.16;1.60) 1.32 (1.07;1.63) 1.27 (1.06;1.52) 1.21 (0.99;1.47)

Adjusted HR (95% CI)* 1.30 (1.23;1.38) 1.26 (1.20;1.32) 1.29 (1.10;1.52) 1.27 (1.02;1.56) 1.21 (1.01;1.45) 1.13 (0.93;1.37)

Adjusted HR (95% CI)** 1.13 (1.06;1.19) 1.07 (1.02;1.12) 1.20 (1.02;1.41) 1.08 (0.87;1.33) 1.06 (0.88;1.27) 0.98 (0.81;1.20)

Venous disease

Crude HR (95% CI) 1.12 (0.98;1.28) 1.14 (1.02;1.27) 1.26 (0.90;1.77) 1.59 (1.05;2.42) 1.17 (0.79;1.74) 1.13 (0.72;1.77)

Adjusted HR (95% CI)* 1.03 (0.91;1.18) 1.08 (0.97;1.21) 1.07 (0.77;1.50) 1.42 (0.93;2.15) 1.01 (0.69;1.50) 1.03 (0.66;1.61)

Adjusted HR (95% CI)** 0.94 (0.83;1.08) 0.99 (0.88;1.11) 1.03 (0.74;1.44) 1.36 (0.90;2.07) 0.93 (0.63;1.38) 0.97 (0.62;1.52)

All-cause mortality

Crude HR (95% CI) 1.03 (0.99;1.07) 0.99 (0.95;1.03) 0.90 (0.81;1.01) 0.76 (0.67;0.87) 1.03 (0.92;1.15) 1.10 (0.99;1.22)

Adjusted HR (95% CI)* 1.10 (1.06;1.14) 1.07 (1.03;1.12) 1.03 (0.92;1.15) 0.89 (0.79;1.02) 1.15 (1.03;1.29) 1.26 (1.14;1.39)

Adjusted HR (95% CI)** 1.01 (0.97;1.05) 0.99 (0.95;1.03) 1.00 (0.90;1.12) 0.89 (0.78;1.01) 1.15 (1.02;1.29) 1.11 (1.00;1.23)

RVO BRVO CRVO

Appendix C4 - Table of crude, semi-adjusted and adjusted hazard ratio (HR) of the overall Cox regression analysis of 
Study A, paper I, evaluating HR of cardiovascular diseases (CVD) in patients with RVO, BRVO and CRVO stratified by 
sex. *adjusted for sex and age at entry, ** adjusted sex, age at entry, index year, marital status at entry and comorbidities.  RVO= retinal vein 
occlusion, BRVO= branch retinal vein occlusion, CRVO= central retinal vein occlusion.
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Crude Semi-adjusted* Adjusted**

Composite CVD

Not exposed 250 9,880 25.3 ref. ref. ref.

Exposed 213 8,127 26.2 1.05 (0.88;1.27) 1.03 (0.86;1.24) 1.07 (0.89;1.29)

Myocardial infarction

Not exposed 66 11,715 5.6 ref. ref. ref.

Exposed 59 9,343 6.3 1.11 (0.78;1.58) 1.09 (0.77;1.55) 1.19 (0.83;1.69)

Heart failure

Not exposed 94 11,983 7.8 ref. ref. ref.

Exposed 61 9,624 6.3 0.80 (0.58;1.11) 0.79 (0.57;1.09) 0.85 (0.62;1.18)

Ischemic stroke

Not exposed 128 11,277 11.4 ref. ref. ref.

Exposed 104 9,254 11.2 1.02 (0.78;1.32) 1.01 (0.78;1.31) 1.06 (0.82;1.38)

Intracranial hemorrhage

Not exposed 29 12,334 2.4 ref. ref. ref.

Exposed 37 9,812 3.8 1.60 (0.99;2.61) 1.60 (0.98;2.60) 1.66 (1.02;2.71)

Peripheral arterial disease

Not exposed 71 11,906 6.0 ref. ref. ref.

Exposed 46 9,645 4.8 0.81 (0.56;1.17) 0.80 (0.55;1.16) 0.88 (0.60;1.28)

All-cause mortality

Not exposed 587 12,513 46.9 ref. ref. ref.

Exposed 375 9,995 46.9 0.79 (0.69;0.90) 0.81 (0.71;0.92) 0.88 (0.77;1.00)

Outcome and exposure 
group

Appendix D1 - Number of events, person-years at risk (PYR), event rate, crude, semi-adjusted and adjusted 
hazard ratio (HR) of the overall Cox regression analysis of Study A, paper II, evaluating HR of cardiovascular 
diseases (CVD) and all-cause mortality in patients with retinal vein occlusion (RVO) treated with anti-VEGF 
compared to RVO patients not treated with anti-VEGF. *adjusted for sex and age at entry, ** adjusted sex, age at 
entry, marital status at entry and comorbidities. VEGF= vascular endothelial growth factor,  ref.= reference.

Anti-VEGF exposure

Hazard ratioNumber of 
events.

PYR
Event 

rate/1000 
PYR

10.4 APPENDIX D

95



Crude Semi-adjusted* Adjusted**

Composite CVD

Sex

Men No 123 4,684 26.3 ref. ref. ref.

Yes 116 4,153 27.9 1.09 (0.84;1.40) 1.05 (0.81;1.35) 1.08 (0.84;1.40)

Women No 127 5,195 24.4 ref. ref. ref.

Yes 97 3,974 24.4 1.01 (0.78;1.32) 1.01 (0.78;1.32) 1.07 (0.82;1.40)

Age (years)

< 70 No 60 4,319 13.9 ref. ref. ref.

Yes 52 3,294 15.8 1.17 (0.81;1.71) 1.16 (0.80;1.69) 1.23 (0.84;1.80)

≥ 70 No 190 5,561 34.2 ref. ref. ref.

Yes 161 4,833 33.3 0.98 (0.80;1.21) 0.98 (0.79;1.21) 1.04 (0.84;1.29)

Diabetes

No No 204 8,680 23.5 ref. ref. ref.

Yes 179 7,161 25.0 1.08 (0.89;1.32) 1.05 (0.86;1.29) 1.09 (0.89;1.34)

Yes No 46 1,199 38.4 ref. ref. ref.

Yes 34 966 35.2 0.93 (0.59;1.45) 0.97 (0.62;1.52) 1.08 (0.69;1.71)

Intensively treated

No anti-VEGF No 250 9,880 25.3 ref. ref. ref.

No Yes 210 7,914 26.5 1.06 (0.88;1.28) 1.04 (0.86;1.25) 1.08 (0.90;1.30)

Yes Yes <5 213 <24.6 0.61 (0.20;1.91) 0.69 (0.22;2.16) 0.72 (0.23;2.25)

All-cause mortality

Sex

Men No 276 6,067 45.5 ref. ref. ref.

Yes 209 5,210 40.1 0.87 (0.72;1.04) 0.86 (0.72;1.03) 0.92 (0.77;1.10)

Women No 311 6,446 48.2 ref. ref. ref.

Yes 166 4,785 34.7 0.71 (0.59;0.86) 0.75 (0.62;0.91) 0.84 (0.70;1.02)

Age (years)

< 70 No 62 4,990 12.4 ref. ref. ref.

Yes 44 3,808 11.6 0.93 (0.63;1.38) 0.94 (0.63;1.38) 0.86 (0.57;1.30)

≥ 70 No 525 7,523 69.8 ref. ref. ref.

Yes 331 6,187 53.5 0.75 (0.66;0.86) 0.75 (0.65;0.86) 0.85 (0.74;0.98)
Diabetes

No No 468 10,688 43.8 ref. ref. ref.

Yes 302 8,604 35.1 0.79 (0.68;0.91) 0.80 (0.69;0.93) 0.85 (0.73;0.98)

Yes No 119 1,825 65.2 ref. ref. ref.

Yes 73 1,391 52.5 0.79 (0.59;1.06) 0.89 (0.66;1.19) 1.04 (0.77;1.41)

Anti-VEGF exposure stratified/grouped by risk factors

Outcome and stratification 
group

Appendix D2 - Number of events, person-years at risk (PYR), event rate, crude, semi-adjusted and adjusted hazard ratio (HR) of 
the overall Cox regression analysis of Study A, paper II, evaluating HR of cardiovascular diseases (CVD) and all-cause mortality 
in patients with retinal vein occlusion (RVO) treated with anti-VEGF compared to RVO patients not treated with anti-VEGF in 
analyses stratified by sex, age (> or ≤ 70 years of age), diabetes and for composite CVD endpoint grouped into intensive and not 
intensively treated. *adjusted for sex and age at entry, ** adjusted sex, age at entry, marital status at entry and comorbidities. VEGF= 

vascular endothelial growth factor, ref.= reference.

Anti-VEGF 
exposure

PYR
Event 

rate/1000 
PYR

Hazard ratioNumber of 
events.
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ABSTRACT
Background/aims Associations between retinal vein 
occlusion (RVO) and subsequent cardiovascular disease 
(CVD) or mortality have not been evaluated in a recent 
cohort, after novel therapeutic options have increased 
referrals for treatment of the condition. We aimed to 
evaluate overall and subtype- stratified risk of CVD 
and all- cause mortality following RVO and assess any 
alterations after the introduction of angiostatic therapy in 
Denmark in 2011.
Methods This nationwide, registry- based cohort study 
from 1998 to 2018 evaluated 4 194 781 individuals. 
Hazard ratios (HRs) were reported for RVO as an overall 
measure and subclassified as branch and central RVO.
Results Patients with RVO (n=15 665) were median 
71.8 years old at the time of exposure and 50.7% were 
women. RVO associated with incident CVD (adjusted HR 
1.13, 95% CI 1.09 to 1.17) but not mortality (adjusted 
HR 1.01, 95% CI 0.98 to 1.03). Almost similar risks of 
CVD were found for patients with branch and central 
RVO (adjusted HRs 1.14, 95% CI 1.03 to 1.25, and 1.12, 
95% CI 1.00 to 1.25, respectively), but only patients 
with central RVO exhibited increased mortality (adjusted 
HR 1.18, 95% CI 1.11 to 1.26). Mortality was higher 
for patients diagnosed after 2011 (adjusted HRs 1.11, 
95% CI 1.06 to 1.16 vs 0.97, 95% CI 0.94 to 1.00).
Conclusion In a cohort of the Danish population 
aged 40 years or more, patients with RVO had a 13% 
increased risk of incident CVD compared with unexposed 
individuals. Mortality was increased after 2011, when 
intravitreal angiostatic treatment was introduced and 
referral practices altered.

INTRODUCTION
Retinal vein occlusion (RVO) is a sight- threatening 
retinal disease classified as branch and central 
retinal vein occlusion (BRVO and CRVO, respec-
tively) according to anatomical location. The most 
frequently associated risk factors for RVO include 
arterial hypertension, diabetes, cardiovascular 
disease (CVD), hypercholesterolaemia, glaucoma, 
systemic inflammatory diseases and coagulability 
disorders.1

Previously, treatment of RVO included retinal 
photocoagulation for patients with neovascular-
isation and BRVO- induced macular oedema. In 
early 2011, intravitreal vascular endothelial growth 
factor (VEGF) inhibition for macular oedema in 

RVO was approved in Europe2 3 and has largely 
replaced retinal photocoagulation in most Euro-
pean countries, including Denmark.

While previous studies have reported increased 
risk of CVD and in some cases increased mortality 
in patients with RVO,4 5 these may reflect a different 
population, as a substantial number of patients 
with RVO were not referred to hospitals at the 
time when treatment options were limited. Thus, a 
contemporary evaluation is important to investigate 
if the introduction of intravitreal VEGF inhibition 
and following changes in referral practices have 
altered risks of incident CVD or all- cause mortality.

AIM
In this Danish nationwide registry- based cohort 
study, we aimed to evaluate (1) the association 
between RVO and CVD and all- cause mortality, (2) 

WHAT IS ALREADY KNOWN ON THIS TOPIC

 ⇒ Increased risk of different cardiovascular 
diseases (CVDs) in patients with retinal vein 
occlusion (RVO) is well established and while 
most studies find no increased risk of mortality 
after RVO, results are inconsistent.

 ⇒ Introduction of intravitreal angiostatic 
treatment, almost a decade ago, altered 
referral practices for the treatment of patients, 
which makes previous findings of subsequent 
comorbidity and mortality inadequate.

WHAT THIS STUDY ADDS

 ⇒ In a nationwide cohort, our study finds an 
increased risk of CVDs in patients with RVO 
diagnosed after 2011.

 ⇒ All- cause mortality was increased in patients 
with RVO overall and in subgroups of branch 
and central RVO, when diagnosed after 2011, 
indicating a higher mortality risk than hitherto 
reported.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 

PRACTICE OR POLICY

 ⇒ The cohort of today’s patients with RVO might 
be in higher risk of CVD and mortality than 
previously described, encouraging clinicians 
to be continuously aware of cardiovascular 
evaluation of these patients.
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any potential differences in risks between BRVO and CRVO and 
(3) to compare these associations in patients with RVO referred 
before and after 2011.

METHODS

Data sources
This study was a nationwide, population- based, cohort study 
based on data from the Danish national registers. The Danish 
National Patient Registry (DNPR) contains information on all 
hospitalisations in Denmark since 1977 and outpatient contacts 
since 1995.6 Diagnoses have been coded according to the 8th 
and 10th revision of the International Classification of Diseases 
(ICD). Data on prescriptions drugs were acquired from the 
Danish National Prescription registry.7 The Civil Registration 
System contains data on vital status, marital status and migration 
as well as the unique personal registration number, which allows 
for linkage between registries.8

Study population
The study population was identified, using the civil registration 
system, as individuals alive and living in Denmark and being 
or becoming 40 years of age between 1 January 1998 and 31 
December 2017. Cohort entry date was 1 January 1998 or, for 
individuals becoming 40 years of age thereafter, the date of their 
40th birthday. The cohort was followed until 31 December 
2018.

Exposure
Overall exposure was RVO, identified as individuals registered 
with any diagnostic code of RVO (online supplemental table 1) 
with the first diagnosis defining the date of exposure.

Patients were subclassified according to anatomic location of 
RVO, when available. Individuals registered with both BRVO 
and CRVO were included in the overall RVO group. Individuals 
were excluded from the cohort if they had any record of RVO 
prior to their cohort entry date. To increase the specificity of the 
exposure, we only accepted those registered with a RVO diag-
nosis given at ophthalmology- associated hospital departments.

Outcomes
Principal outcomes were CVD and all- cause mortality. CVD 
was defined by diagnostic codes modified from Hvidberg et al.9 
For secondary outcome analyses, CVD was subclassified as isch-
aemic CVD (acute myocardial infarction, ischaemic stroke and 
peripheral arterial disease), non- ischaemic CVD (non- ischaemic 
heart failure, atrial fibrillation, non- ischaemic stroke and aortic 
disease) and venous diseases (deep venous thrombosis and 
pulmonary embolism) (online supplemental table 1 for details). 
The date of the first registration was considered the date of CVD 
diagnosis.

We excluded individuals with any previous record of the 
outcome in question from each analysis.

Most of the included CVDs have been validated in the 
DNPR.10–16 Few positive predictive values have been recorded 
below 80%, including heart failure, peripheral arterial disease 
and stroke.10 14–16 Thus, we demanded that these should be 
given as primary diagnoses (ie, main reason for hospitalisation 
or outpatient contact) to increase validity.10 12 14 15

Lag-time period
We implemented a 90- day lag- time period from RVO exposure 
to incident CVD to account for undetected CVD, likely to have 
been present at the time of RVO. During the lag- time period, 

individuals experiencing a CVD event were censored the day 
prior to the event.

Covariates
The selection of covariates was guided by a priori knowledge. 
Covariates included sex (male/female), age at entry (contin-
uous), index year (1998–2017, continuous), marital status at 
entry (never married, married/cohabiting, widowed), Charlson 
Comorbidity Index (CCI) conditions as separate dichotomous 
variables (without diabetes mellitus and chronic obstructive 
pulmonary disorder (COPD)), arterial hypertension, diabetes 
mellitus, dyslipidaemia and COPD as a proxy for smoking. All 
comorbidities were defined by diagnostic codes (online supple-
mental table 1). In accordance with Hvidberg et al,9 arterial 
hypertension, diabetes mellitus and dyslipidaemia were defined 
by diagnostic codes and/or prescription drugs. The comorbidity 
variables were adjusted for as binary (yes/no) variables at entry 
and as time- varying covariates during follow- up.

Analysis
To characterise the population by demographic and baseline 
data, we presented median and quartiles (25% and 75% percen-
tile) for continuous variables and counts and proportions for 
categorical variables. We reported CCI scores, as counts and 
percentages of distribution, calculated at study entry.17 18

We applied a multivariate Cox proportional hazards model 
to compare CVD hazards of individuals with RVO to those 
without RVO, estimating crude, semiadjusted and adjusted HRs 
with 95% CIs. RVO was included as a time- varying exposure, 
changing status from unexposed to exposed at first diagnosis 
of RVO. Number of days since date of origin (date the person 
turned 40 years of age) was used as the underlying timeline. Indi-
viduals were followed until a CVD, death, emigration or end of 
study period (31 December 2018), whichever occurred first. A 
semiadjusted model (sex and age at entry) and a fully adjusted 
model (sex, age at entry, index year, marital status at entry, CCI 
conditions, diabetes mellitus, arterial hypertension and COPD) 
were performed. Any CCI conditions that were an outcome of 
the given model were excluded as covariate.

We reported number of events, median time to event, median 
age at event, total risk time and event rates.

A test for interaction with sex and age revealed interaction for 
sex only, and sex- stratified results were reported (online supple-
mental table 5).

We performed separate subgroup analysis of BRVO and 
CRVO as exposures in multivariate models identical to the main 
analysis models.

We performed separate analyses for RVO exposure prior to 
and after 17 March 2011, the date of approval for VEGF inhibi-
tory treatment for RVO in the European Union, and in subgroups 
of RVO exposure between 2011–2014 and 2015–2018.

Secondary analyses
To estimate if VEGF inhibitory treatment was an intermediary 
factor between RVO and the outcomes in question after 2011, 
we performed a separate fully adjusted model, and stratified 
patients with RVO according to anti- VEGF treatment (binary, 
yes/no). Anti- VEGF treatment was defined as any registration 
of the treatment procedure code in DNPR (ICD10 KCKD05B) 
prior to an outcome or end of follow- up.

All analyses were carried out using Stata V.17 (Stata, College 
Station, Texas, USA).
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RESULTS
We identified 4 196 821 individuals being or becoming 40 years 
of age from 1 January 1998 to 31 December 2017. Of these, 
2040 individuals had a record of RVO prior to entry date; thus, 
4 194 781 unique individuals met our inclusion criteria and 
comprised the overall cohort (figure 1). In each analysis of CVD 
and the subgroups’ ischaemic CVD, non- ischaemic CVD and 
venous diseases, we excluded 324 517; 235 832; 99 698 and 
44 071 patients, respectively, due to record of one or more of 
the outcome diagnoses in question, prior to entry date. Median 
overall follow- up time was 15.5 years.

Evaluation of associations between RVO and CVD and all-

cause mortality
Table 1 includes the baseline characteristics of all individuals, 
and individuals with and without RVO.

Exposed individuals were older at entry and more likely to 
be diagnosed with arterial hypertension, dyslipidaemia, diabetes 
mellitus and smoking- related disorders than individuals never 
exposed to RVO.

The distribution of sex and CCI scores was comparable 
between groups. Median age at RVO exposure was 71.8 years. 
After 2011, the mean number of registered patients per year with 
RVO almost doubled (table 1 and online supplemental figure 1).

RVO exposure was associated with increased risk of inci-
dent CVD (adjusted HR 1.13, 95% CI 1.09 to 1.17; figure 2 
and online supplemental table 2). Similarly, risk of ischaemic 
CVD and non- ischaemic CVD was higher in those exposed to 
RVO, most evidently in non- ischaemic CVD (adjusted HR 1.23, 
95% CI 1.15 to 1.33). We found no association with the risk 
of developing other venous diseases (adjusted HR 0.99, 95% CI 
0.90 to 1.09).

Evaluation of associations between BRVO and CRVO 

subgroups and CVD and all-cause mortality
Table 2 includes the baseline characteristics of the BRVO and 
CRVO subgroups.

Individuals with BRVO were younger at entry, more likely to 
be women and less likely to be diagnosed with smoking- related 

disorders than individuals with CRVO. Distribution of CCI 
scores, arterial hypertension, dyslipidaemia and diabetes was 
comparable between groups. Median age at BRVO and CRVO 
exposure was 71.1 versus 73.0 years.

BRVO was associated with increased risk of CVD, ischaemic 
CVD and non- ischaemic CVD (adjusted HRs 1.14, 95% CI 1.03 
to 1.25; 1.18, 95% CI 1.05 to 1.33; and 1.22, 95% CI 1.07 to 
1.38, respectively; figure 2 and online supplemental table 2). 
The tendency was similar in CRVO (adjusted HRs 1.12, 95% CI 
1.00 to 1.25; 1.12, 95% CI 0.99 to 1.28; and 1.16, 95% CI 1.00 
to 1.35, respectively). We found no association between either 
BRVO or CRVO and the risk of other venous diseases (adjusted 

Figure 1 Flowchart of cohort selection. CVD, cardiovascular diseases.

Table 1 Baseline characteristics of all participants, RVO exposed 
and never- exposed

All RVO exposed Never exposed

(N=4 194 781) (n=15 665) (n=4,179,116)

Sex

  Men 2 054 446 (49.0) 7729 (49.3) 2 046 717 (49.0)

  Women 2 140 335 (51.0) 7936 (50.7) 2 132 399 (51.0)

Age at index date, years 45.6 (40.0–59.9) 58.8 (49.9–67.7) 45.6 (40.0–59.9)

Age at RVO diagnosis, years 71.8 (63.0–79.4) 71.8 (63.0–79.4) NA

No of incident RVO diagnoses, mean no per year

  1998–2010 547 547 NA

  2011–2018 1070 1070 NA

Charlson Comorbidity Index score

  0 (low) 3 781 035 (90.1) 13 961 (89.1) 3 767 074 (90.1)

  1 172 558 (4.1) 746 (4.8) 171 812 (4.1)

  2 190 059 (4.5) 774 (4.9) 189 285 (4.5)

  >3 (high) 51 129 (1.2) 184 (1.2) 50 945 (1.2)

Comorbid conditions

  Arterial hypertension 1 479 292 (35.3) 10 866 (69.4) 1 468 426 (35.1)

  Dyslipidaemia 1 067 567 (25.4) 7907 (50.5) 1 059 660 (25.4)

  Diabetes 451 372 (10.8) 2913 (18.6) 448 459 (10.7)

  Smoking- related disorders 239 047 (5.7) 1569 (10.0) 237 478 (5.7)

Data presented as median (25%–75% percentile) for continuous variables and count (%) for 
categorical variables.
NA, not applicable; RVO, retinal vein occlusion.
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HR 0.99, 95% CI 0.78 to 1.28, and 0.91, 95% CI 0.69 to 1.20, 
respectively). In patients with CRVO, we found an increased risk 
of all- cause mortality (adjusted HR 1.18, 95% CI 1.11 to 1.26), 
which was not found in BRVO (adjusted HR 1.06, 95% CI 0.99 
to 1.14).

Evaluation of associations before and after 2011
RVO exposure both prior to and after 2011 (figure 3 and online 
supplemental table 3) was associated with CVD, ischaemic CVD 
and non- ischaemic CVD. However, risks increased after 2011, 

especially for CVD (adjusted HR 1.10, 95% CI 1.06 to 1.15 vs 
1.19, 95% CI 1.11 to 1.28, respectively) and non- ischaemic CVD 
(adjusted HR 1.06, 95% CI 1.01 to 1.12 vs 1.24, 95% CI 1.15 
to 1.33, respectively). There was an increased risk of all- cause 
mortality in persons with RVO referred after 2011 (adjusted HR 
before 2011: 0.97, 95% CI 0.94 to 1.00 vs after 2011: 1.11, 
95% CI 1.06 to 1.16). We found no associations between RVO 
and venous diseases at any time.

In secondary analysis of patients with RVO stratified by VEGF 
inhibitory treatment, we found that 523 of 7281 (7.2%) referred 
to the hospital prior to 2011 received at least one VEGF inhibi-
tory treatment prior to end of follow- up, as opposed to 4146 of 
8384 (49.5%) referred after 2011. The VEGF- inhibitory- treated 
patients referred after 2011 had a more pronounced association 
with CVD compared with untreated patients (1.24, 95% CI 1.12 
to 1.37 vs adjusted HR 1.15, 95% CI 1.05 to 1.27, respectively). 
On the contrary, in patients with RVO referred after 2011, 
treated patients had lower all- cause mortality than those not 
treated (adjusted HR 1.02, 95% CI 0.96 to 1.10 vs 1.19, 95% CI 
1.12 to 1.26).

After 2011, BRVO was associated with increased risk of CVD, 
ischaemic CVD and non- ischaemic CVD (adjusted HRs 1.15, 
95% CI 1.02 to 1.29; 1.18, 95% CI 1.02 to 1.35; and 1.22, 
95% CI 1.07 to 1.38, respectively; figure 3 and online supple-
mental table 3), which were not apparent prior to 2011. CRVO 
and not BRVO exposure were associated with increased all- 
cause mortality prior to 2011 (adjusted HRs 1.27, 95% CI 1.13 
to 1.41, and 0.94, 95% CI 0.82 to 1.09, respectively), but after 
2011 both CRVO and BRVO exposure associated with increased 
risk of all- cause mortality (adjusted HRs 1.14, 95% CI 1.05 to 
1.24 and 1.11, 95% CI 1.02 to 1.20, respectively). Evaluated in 
subgroups of RVO exposed from 2011 to 2014 and from 2015 
to 2018 all increases in HRs were most pronounced in patients 
with RVO diagnosed from 2015 to 2018 (data not shown).

The rates of CVD and mortality outcomes as well as number 
of events, median time to event and median age at event for 
exposure groups and unexposed, where applicable, are reported 
in online supplemental table 4. These data are not directly 

Figure 2 Hazard ratios and no. of events and person- years at risk of CVDs and all- cause mortality in patients with RVO, BRVO and CRVO compared 
to individuals without RVO. RVO, retinal vein occlusion, BRVO, branch retinal vein occlusion, CRVO, central retinal vein occlusion, CVD, cardiovascular 
diseases, PYR, person- years at risk.

Table 2 Baseline characteristics of BRVO and CRVO exposed

BRVO exposed CRVO exposed

(n=3683) (n=2846)

Sex

  Men 1763 (47.9) 1534 (53.9)

  Women 1920 (52.1) 1312 (46.1)

Age at index date (years) 54.0 (45.8–61.8) 56.9 (48.0–64.3)

Age at RVO diagnosis (years) 71.1 (62.6–78.4) 73.0 (64.1–80.5)

No of incident RVO diagnoses, mean no. per year

  1998–2010 32 41

  2011–2018 409 289

Charlson Comorbidity Index score

  0 (low) 3421 (92.9) 2614 (91.8)

  1 134 (3.6) 108 (3.8)

  2 108 (2.9) 103 (3.6)

  >3 (high) 20 (0.5) 21 (0.7)

Comorbid conditions

  Arterial hypertension 2438 (66.2) 1867 (65.6)

  Dyslipidaemia 1980 (53.8) 1476 (51.9)

  Diabetes 636 (17.3) 500 (17.6)

  Smoking- related disorders 280 (7.6) 271 (9.5)

Data presented as median (25%–75% percentile) for continuous variables and 
count (%) for categorical variables.
BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion.
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comparable between groups due to the unmatched design of the 
study and the time- varying exposure used. In the overall RVO 
exposure group, a total of 2983 CVD events were recorded, 
corresponding to a rate of 49.9 per 1000 person- years at risk. 
Median time to CVD was 3.7 years and median age at CVD 
diagnosis was 77.3 years.

DISCUSSION
In this 20- year nationwide cohort study, patients with RVO had 
13%–23% higher risks to develop overall, ischaemic and non- 
ischaemic CVD as compared with non- exposed controls. While 
overall all- cause mortality was not increased, risks were 18% 
higher in those with CRVO and 11% increased for patients diag-
nosed after 2011.

To the best of our knowledge, this is the first study evalu-
ating the associations of RVO exposure on CVD and all- cause 
mortality in a large population- based cohort, including the most 
recent data on patients after introduction of anti- VEGF for RVO 
in Europe.

Evaluation of associations between RVO and CVD and all-

cause mortality
Previous studies evaluated RVO as an overall exposure for CVD 
and found associations with ischaemic CVD,19–23 but not non- 
ischaemic CVD.23 24 This agrees with our findings of increased 
risk of ischaemic CVD, but we reported an increased risk of 
non- ischaemic CVD in RVO- exposed patients. This difference 
might be attributed to our design, with non- ischaemic CVD 
as a pooled outcome of several diagnoses, and perhaps to the 
amount of patients with RVO in our study being 10- fold that of 
the comparative studies, increasing the power to detect weaker 
associations.

Previous studies found no increased mortality in patients with 
RVO4 21 25 26 except for a study of Danish patients with CRVO 

reporting increased mortality risk,5 in line with our findings in 
the overall analysis and on RVO exposure prior to 2011.

Evaluation of associations between BRVO and CRVO 

subgroups on CVD and all-cause mortality
In patients with BRVO and CRVO (figure 2), we found almost 
similar results in CVD outcomes, though with a tendency to 
higher risks in patients with BRVO. We found increased risk of 
all- cause mortality in patients with CRVO that was not found 
in the BRVO group. Only few previous studies evaluated BRVO 
and CRVO subgroups separately. Increased risk of incident 
acute myocardial infarction in patients with RVO, with higher 
risk in patients with CRVO than BRVO have been reported 
in a Taiwanese population.27 Examining data prior to 2010 in 
Denmark revealed increased risk of congestive heart failure 
and ischaemic CVD 10 years after BRVO and CRVO.4 5 This 
resemble our findings of ischaemic and non- ischaemic disease, 
but contrary to our study they also reported an increased risk of 
peripheral vein disease after CRVO.5

Evaluation of associations before and after 2011
We found higher risk of CVD overall and non- ischemic CVD 
after 2011 and similar risks of ischaemic CVD and venous 
diseases when comparing patients with RVO referred prior to 
and after introduction of VEGF inhibitory treatment for RVO 
in Europe (figure 3). Interestingly, we found increased all- cause 
mortality in the RVO group after 2011 that were not previously 
apparent.

After 2011, the mean number of registered patients in the 
DNPR almost doubled (online supplemental figure 1). This 
reflects a group of patients with RVO who were not treated in 
hospitals prior to 2011 and, hence, have not been included in 
prior studies. These patients might have higher risk of CVD and 
mortality than the patients before 2011. If any detection bias of 

Figure 3 Hazard ratios and no. of events and person- years at risk for CVDs and all- cause mortality in patients with RVO, BRVO and CRVO compared 
to individuals without RVO prior to and after March 17th 2011. RVO, retinal vein occlusion, BRVO, branch retinal vein occlusion, CRVO, central retinal 
vein occlusion, CVD, cardiovascular diseases, PYR, person- years at risk.
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CVD is present, this may also play a role. However, it would not 
explain the higher mortality risk.

Another potential factor is the intravitreal treatment itself. 
VEGF inhibitors delivered intravitreally are reported to have 
systemic VEGF- suppressing effects.28 Meta- analyses of studies 
on VEGF exposure in patients with diabetic macular oedema 
and age- related macular degeneration have reported increased 
risks of CVD with increasing levels of VEGF.29 30 While safety of 
intravitreal VEGF inhibition has been established in large clin-
ical trials of RVO2 3 31–33 and a recent meta- analysis,34 long- term, 
real- world data are important, as patients in clinical trials tend 
to be more healthy than non- study populations. In secondary 
analysis, of patients with RVO referred after 2011, we found 
that patients with anti- VEGF treatment had slightly higher risk 
of all CVD but lower risk of all- cause mortality than patients 
never treated with anti- VEGF. This implies that anti- VEGF might 
be an intermediary factor in the association between RVO and 
CVD, but changes in CVD and mortality risks persist when only 
examining patients with RVO not treated with anti- VEGF.

It is noteworthy that mortality risk after 2011 is higher in 
BRVO, but lower in CRVO. This empowers the interpretation 
that difference in mortality prior to and after 2011 was a result 
of changed referral practice and possibly difference in severity 
of comorbid conditions in patients, rather than the treatment 
itself, since both subgroups of RVO have been treated with anti- 
VEGF. It does, however, raise awareness of the fact that patients 
with BRVO might be in higher risk of mortality than hitherto 
presumed. It must be taken into consideration that the extent of 
anti- VEGF treatment in this patient group has a well- established 
effect on visual acuity outcomes affecting quality of life, under-
lining importance of receiving the treatment. Our study was not 
intended or designed to evaluate the direct influence of anti- 
VEGF treatment on outcomes, and further studies are warranted 
to quantify this possible relation.

Our study is strengthened by being a long- term, population- 
based cohort study using validated registries and recent data. It 
does, however, impose several limitations: First, we have ascer-
tained RVO and CVD in the age group of 40 years and older and 
those attending hospital eye services and results might not apply 
outside this setting. Second, lifestyle, socioeconomic and genetic 
factors are not included in the registers and cannot be evaluated.

In conclusion, patients with RVO had an increased risk to 
develop overall, ischaemic and non- ischaemic CVD, but not 
venous disease, compared with non- RVO controls. While 
patients with RVO did not have an excess risk of mortality prior 
to 2011, this was found for those diagnosed after the change in 
referral practice for hospitals, when intravitreal angiostatic treat-
ment was introduced. Studies are warranted, designed to further 
evaluate the potential causes for this difference.
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Navigated laser and aflibercept versus aflibercept
monotherapy in treatment-na€ıve branch retinal vein
occlusion: A 12-month randomized trial

Katrine Hartmund Frederiksen,1,2 Jesper Pindbo Vestergaard,1 Frederik Nørregaard Pedersen,1,2

Anna Stage Vergmann,1 Torben Lykke Sørensen,3,4 Caroline Schmidt Laugesen,3
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ABSTRACT.

Purpose: Angiostatic agents have proven effective in the treatment of macular oedema in patients with branch retinal vein

occlusion (BRVO). However, treatment is inconvenient and expensive, and novel treatment regimens are warranted. We aimed to

evaluate if combination treatment of navigated central retinal laser and aflibercept lowered the treatment burden in these patients.

Methods: Treatment-na€ıve patients with BRVO and macular oedema were included at two centres and randomized 1:1 to three

monthly injections of 2.0 mg aflibercept with (Group A) or without (Group B) navigated central laser, followed by aflibercept as

needed from month 4 through 12. Re-treatment need was evaluated, and secondary endpoints included functional and anatomical

outcomes and safety evaluated by retinal microperimetry.

Results: We evaluated 41 eyes of 41 patients with a mean age of 69.6 years. Baseline median best-corrected visual acuity

(BCVA) was 70.0 letters, and median central retinal thickness (CRT) was 502 lm with no difference between Groups A (n = 21)

and B (n = 20). Percentage of patients needing re-treatment after month three was 71% and 80% (p = 0.72). At month 12,

groups did not differ in number of injections after loading (1 versus 2, p = 0.43), change in BCVA (+12.8 versus +15.1 letters,

p = 0.48), CRT (�195 versus �181 lm, p = 0.82), or retinal sensitivity (+3.3 versus +4.1 dB, p = 0.67).

Conclusion: In treatment-na€ıve BRVO patients, addition of navigated central laser to aflibercept did not lower treatment burden

or affect functional or anatomical outcomes. A low number of intravitreal injections were needed for successful outcome in both

treatment arms.

Key words: aflibercept – branch retinal vein occlusion – macular oedema – navigated central retinal laser – randomized clinical study – vascular

endothelial growth factor inhibition

The study was supported by grants from Danish Regions; Fight for Sight, Denmark - Bagenkop Nielsens Øjen-Fond; The Synoptik Foundation, Denmark; Fabrikant

Einar Willumsens Mindelegat; The Research Fund for Region Seeland and Region of Southern Denmark; Toyota-Fonden, Denmark; Grosserer Chr. Andersen og

hustru Ingeborg Andersen, f. Schmidts legat; Odense University Hospital – The PhD Fund for operating costs and The OUH Fund for Free Research and The A.P.

Møller Foundation for the Advancement of Medical Science. The funders had no influence on the study.

We thank all funders for the granted support.We also thank the study nurses atOdenseUniversityHospital andRoskildeUniversityHospital for help conducting patient

visits, and the Departments of Ophthalmology at Odense University Hospital and Roskilde University Hospital for providing equipment and facilities for the study.

JG declares participation in the Advisory Board for Bayer, Novartis, Allergan and Roche. RK declares participation in the technical advisory for Office Future, and

research funding support from Topcon (endowed professorship), Novartis, Senju, Nanolux and Tamron. KHF, JPV, FNP, ASV, TLS, CSL and TP declare no

conflicts of interest.

Acta Ophthalmol.
ª 2022 The Authors. Acta Ophthalmologica published by John Wiley & Sons Ltd on behalf of Acta Ophthalmologica Scandinavica Foundation.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided
the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

doi: 10.1111/aos.15182

1

Acta Ophthalmologica 2022



Introduction

Retinal vein occlusion (RVO) is a
common retinal vascular disorder and
a leading retinal cause of blindness
(Song et al. 2019). Branch RVO
(BRVO) is typically located at an
arteriovenous crossing, and the occlu-
sion causes tortuous dilated vessels,
flame-shaped haemorrhages, cotton-
wool spots and ischaemia in the area
upstream of the affected vein. Macular
oedema is the primary cause of vision
loss in BRVO. For decades, the treat-
ment of macular oedema in BRVO was
central retinal laser photocoagulation
based on results from the Branch Vein
Occlusion Study (BVOS) Group. They
included BRVO and hemiretinal RVO
(HRVO) patients and found 65% of
treated eyes to improve two or more
lines of vision, compared with 37% of
untreated eyes (BVOS Group 1984).
However, the detrimental effect of laser
is an ongoing subject of concern, and
the treatment was largely replaced by
intravitreal treatment injections with
steroids or vascular endothelial growth
factor (VEGF) inhibitors, when these
were introduced in Europe in 2010 and
2011 (EMA 2010; EMA 2011).

Vascular endothelial growth factor
inhibitory agents have consistently
demonstrated high efficacy and safety
in patients with macular oedema due
to BRVO (Campochiaro et al. 2010;
Campochiaro et al. 2015). Important
drawbacks to anti-VEGF are the need
for frequent re-treatments, which
urges the development of new treat-
ment regimens to lower treatment
need. However, most previous
attempts to study combination treat-
ment have not been able to demon-
strate any such effect (Tadayoni
et al. 2017; Callizo et al. 2019). In
fact, only one study in BRVO patients
found a lower need for re-treatment
when adding laser photocoagulation
(Donati et al. 2012).

The navigated laser delivery system
allows for safe and precise application
of macular grid laser treatment, and a
study in patients with diabetic macu-
lar oedema (DMO), demonstrated
significantly lower re-treatment need
when applying navigated laser in
combination with anti-VEGF (Liegl
et al. 2014). No previous studies have
evaluated the effect of navigated cen-
tral laser on re-treatment need in
BRVO patients.

In this randomized study of
treatment-na€ıve patients with BRVO
and macular oedema, we aimed to
compare aflibercept and navigated
laser versus aflibercept monotherapy
in order to evaluate if the addition of
navigated laser would reduce the treat-
ment burden while maintaining func-
tional and anatomical efficacy within
the first 12 months of treatment, and
if navigated laser treatment affected
retinal sensitivity measured by
microperimetry.

Methods

In a randomized controlled open-label
design, study participants were
included from the Departments of
Ophthalmology at Odense University
Hospital, Odense, Denmark and Zeal-
and University Hospital, Roskilde,
Denmark. Eligibility criteria were
foveal centre-involved macular oedema
due to BRVO (HRVO allowed) diag-
nosed within 6 months prior to study
inclusion, best-corrected visual acuity
(BCVA) between 35 and 80 Early
Treatment Diabetic Retinopathy Study
(ETDRS) letters (0.1–0.8 Snellen
equivalent) at baseline (month 0), age
above 18 years and central retinal
thickness (CRT) measured by Optical
Coherence Tomography (OCT)
>300 lm in the study eye. Exclusion
criteria were as follows: any active
retinal or iris neovascularization in
the study eye, cataract, vitreous haem-
orrhage, or other clouding conditions
that would prevent retinal laser photo-
coagulation, macular oedema and/or
increased retinal thickness due to other
potential causes than BRVO, prior
anti-VEGF treatment or macular laser
photocoagulation in the study eye or
uncontrolled, untreated hypertension
(blood pressure ≥ 160/110 mmHg).

After inclusion, patients were ran-
domized 1:1 to aflibercept and navi-
gated central laser at month three
(Group A) or aflibercept alone (Group
B). A random allocation sequence file
was automatically generated using
sealedenvelope.com, as a block ran-
domization with block sizes of two and
four and stratified by inclusion site, to
ensure equality of distribution between
sites. The file was imported into the
study’s electronic data capture tool
(REDCap, at Odense Patient Explora-
tory Network (OPEN), Odense, Den-
mark) by an independent data manager

and kept unknown to the project
investigators. At registration of patient
inclusion in the database, the random-
ized intervention arm was automati-
cally assigned by the system.

A thorough medical history was
obtained at baseline and participants
were examined by BCVA measurement
(ETDRS charts, Precision Vision, Illi-
nois, USA), intraocular pressure
(iCare, Helsinki, Finland), slit lamp
examination and mydriatic fundus
biomicroscopy, macular OCT line scan
by Spectralis (Heidelberg Engineering
GmbH, Germany), 50 degrees macula-
centred fundus fluorescein angiography
(FFA) (TRC-50DX fundus camera,
Topcon, Tokyo, Japan) and
microperimetry of affected and fellow
eye (MP-3, NIDEK, Japan).

All participants were initially trea-
ted with three monthly intravitreal
injections of 2.0 mg aflibercept. At
month three, FFA was repeated and
participants in Group A, were treated
with angiography-guided navigated
central retinal laser (Navilas, OD-OS
GmbH, Teltow, Germany) according
to a pre-specified laser treatment pro-
tocol. Patients not suitable for laser at
month three were re-evaluated for
laser eligibility at month four and five.
If patients were still unsuitable at
month five, laser was not applied,
and patients continued monthly exam-
inations in their appointed treatment
group.

All participants were examined
monthly from month 4 through 12 by
BCVA, intraocular pressure and OCT
and re-treated with aflibercept accord-
ing to re-treatment criteria: increase in
CRT ≥20% compared with the lowest
measurement, or decrease in BCVA >5
ETDRS letters as compared to base-
line. Furthermore, participants were re-
examined by FFA and microperimetry
at month 12.

Central retinal laser photocoagulation

Navigated central retinal laser photo-
coagulation was planned according
to the BVOS study and the
ETDRS protocol (BVOS Group 1984;
ETDRS 1985; ETDRS 1987), but
modified to apply less intense, lighter
burns.

Treatment targeted areas of non-
perfusion, diffuse leakage and leaking
microaneurysms within the vascular
arcades. A new FFA was performed
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prior to the laser treatment session.
This was imported into the Navilas�

software, overlayed onto the fundus
photograph captured by the Navilas�

fundus camera, and used for preplan-
ning the treatment session. Treatment
was performed without use of contact
lens, if possible, and the build-in
automated eye tracking and image
stabilization were utilized during appli-
cation of laser burns. Spot size was
100 lm with a pulse duration of 20 ms
for grid treatment and 100 ms for focal
treatment (leaking microaneurysms).
Burns were at least one burn widths
apart, with longer distance in case of
large area of treatment. Power was
titrated, starting from 70 mW, to
achieve barely visible whitening of the
retina. For focal treatment of microa-
neurysms, power was titrated until mild
whitening beneath the microaneurysm,
but not necessarily any colour change
in the microaneurysm itself.

Rescue laser of the affected periph-
eral retinal sector was allowed in case
of incident neovascularizations during
follow-up.

Data on number of spots, power,
pulse duration, spot size and total
applied power were collected.

Microperimetry

Microperimetry was performed on
both eyes separately. The pattern of
stimuli contained 45 points, organized
in a circular pattern in the central 12
degrees of the macula, centred over the
fovea. The fixation target was a 0.5
degree red circle which could be
increased in size if needed. The size of
the stimuli was Goldmann III, colour
was white and duration was 200 ms
with a stimulation staircase strategy of
4-2-1. Starting threshold at the baseline
examination was set to 12 dB for one
initial test point in each quadrant. The
apparatus performed automatic retinal
focusing and automatic alignment of
the pupil and retina. Analysis was
automatically paused during significant
eye movements. At the end of exami-
nation, a fundus photograph was
acquired and aligned with the infrared
image for the correct position. At
month 12, follow-up function was uti-
lized ensuring the same starting thresh-
old and anatomic location of each test
point as at baseline. The threshold of
all 45 test points was averaged and
presented as mean retinal sensitivity. A

mean retinal sensitivity change from
baseline to month 12 was calculated.

Statistical analysis

Characterization of participants on
demographics and baseline variables
as well as outcome parameters were
presented as counts and proportions
with 95% confidence intervals (CI) for
categorical variables and mean � SD
or median and quartiles (25%;75 per-
centile) for continuous variables as
appropriate. An evaluation was done
using chi-squared test or Fisher’s exact
test for categorical variables and Stu-
dent’s t-test or Wilcoxon rank-sum test
for continuous variables as appropri-
ate.

The primary outcome was percent-
age of patients needing re-treatment
after aflibercept loading phase. The
sample size was based on a power
calculation utilizing a statistical signif-
icance level of 0.05 (a), a power of 0.90
and test statistics were proportions
(p1 = 0.65 and p2 = 0.16), which esti-
mate a minimum of 19 patients in each
treatment group. Proportions were
estimated for primary outcome only,
and was based on the study by Liegl
et al. (2014).

Secondary outcomes include num-
ber of injections after loading phase,
mean BCVA, median CRT and mean
retinal sensitivity at month 12, change
in BCVA and CRT from baseline
through month 12, number of patients
improving more than 10 ETDRS let-
ters, ratio of patients without oedema
(defined as CRT < 300 lm) at month
12 and change in central retinal sensi-
tivity. Of these, mean BCVA, median
CRT and mean retinal sensitivity at
month 12 as well as change in CRT
and number of patients improving
more than 10 ETDRS letters were
added after the study commenced to
improve comparability with previous
studies.

Change in BCVA between baseline
and month 12 was tested by applying a
mixed-model analysis with a difference
in BCVA from baseline as an outcome
variable and adjusting for baseline
BCVA (continuous), visit number (cat-
egorical), and an interaction term of
visit number and randomization group
to account for the fact that effect of
randomization may not be equal over
visits. Change in CRT was tested by
applying a similar model. The number

of injections after the loading phase
and the number of patients improving
more than 10 ETDRS letters were
tested by applying a Poisson regression
model with randomization variable as
predictor. Change in retinal sensitivity
was tested by Wilcoxon rank-sum test
and subsequently evaluated by apply-
ing a linear regression model, adjusting
for baseline retinal sensitivity.

All analyses were performed as
intention-to-treat analyses. A sec-
ondary per-protocol analysis was per-
formed, with no major differences in
results (data available on request).

Ethics

The study was carried out according to
the Tenets of the Declaration of
Helsinki. All participants provided
written informed consent prior to study
inclusion. The study was approved
by the Regional Scientific Ethical
Committee of Southern Denmark
(S-20170084) and registered at
ClinicalTrials.gov prior to initiation
(NCT03651011).

Results

Forty-five eyes of 45 patients were
included between August 2018 and
August 2020. Two patients dropped
out of each treatment group (two due
to the COVID-19 pandemic, one due to
sudden critical illness and one due to
patients wish), leaving 41 patients with
complete follow-up (Fig. 1 for com-
plete flowchart of inclusion). Of these,
22 were included at Odense University
Hospital, Odense, Denmark, and 19 at
Zealand University Hospital, Roskilde,
Denmark. Patients that dropped out
did not differ in baseline characteristics
compared to the overall cohort (data
not shown). Two patients in Group A
were unsuitable for laser at month
three through five (one due to refrac-
tory intraretinal haemorrhage and one
due to absence of target for treatment,
that is, no visible nonperfusion, diffuse
leakage or leaking microaneurysms on
fluorescein angiography) and did not
receive laser treatment. Five patients
received laser treatment between
month 4 and 5, with treatment initially
postponed due to refractory intrareti-
nal haemorrhage (three) or refractory
oedema (two). Thus, laser treatment
was performed in 19 of 21 patients,
with no use of contact lens necessary at
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any treatment sessions (mean 164 � 78
spots, spot size 100 � 0 lm, power per
spot 92 (79;107) mW, pulse duration 29
(20;51) ms and total applied power
0.397 (0.305;0.884) J).

All baseline characteristics are
reported in Table 1. Fifty-six percent
of patients were females with a mean
age of 69.6 � 10.0 years. The affected
eyes had a median visual acuity of 70.0

(62.0;75.0) ETDRS letters, a median
CRT of 502 (449;580) lm and a mean
retinal sensitivity of 21.3 � 4.0 dB.

At month 12, Groups A and B did
not differ according to any of the
defined endpoints:

The percentage of patients needing
re-treatment after month three was
71% (15/21) and 80% (16/20) in groups
A and B, respectively (Table 2). The

median number of VEGF inhibitory
injections after month 3 were 1 (0;3) and
2 (1;3) in groups A and B, respectively
(Table 2).MeanBCVAatmonth 12was
80.7 � 10.9 versus 80.5 � 9.1 ETDRS
letters, and the mean change in BCVA
from baseline through month 12 was
12.8 � 9.4 versus 15.1 � 9.6 ETDRS
letters (Table 2 andFig. 2). The number
of patients improving more than 10
ETDRS letters was 13 (62%) versus 14
(70%).Mean CRT at month 12 was 289
(287;306) versus 294 (269;311)lm,mean
change in CRT from baseline through
month 12 was�195 (�276;�145) versus
�181 (�263;�157) lm and percentage
of patients with no oedema at M12 was
71% (15/21) and 55% (11/20) (Table 2
and Fig. 2). The mean retinal sensitivity
at M12 was 25.7 � 2.8 versus
25.0 � 2.5 and the change in mean
retinal sensitivity was 3.3 � 2.3 versus
4.1 � 3.5 dB in groups A and B,
respectively.

Discussion

In this randomized clinical study, com-
paring combination treatment with
navigated central retinal laser treat-
ment and aflibercept against aflibercept
alone for BRVO with macular oedema,
the addition of laser did not affect the
need of intravitreal therapy, nor the
functional or anatomical outcome of
the treatment.

The effect of aflibercept in treatment
of macular oedema in BRVO was well-
established in the VIBRANT trial,
finding a significant effect on structural
and functional outcomes (Clark
et al. 2016). Similar effects have been
demonstrated for other VEGF
inhibitory treatments (Campochiaro
et al. 2010; Hikichi et al. 2014). The
effect of laser treatment is also well
documented, though inferior to anti-

Screened (n=133)

Eligible for inclusion
(n=73)

Included and
randomized (n=45)

 Excluded (n=31) 

Did not wish to participate (n=31)

 Excluded (n=60) 

Did not meet inclusion/met exclusion criteria
(n=47) 
Uncertain diagnosis (n=1)
Other (n=12)

Group A (n=23) 

Aflibercept +
Navigated central

retinal laser

Group B (n=22) 

Aflibercept
monotherapy

Group A  

Aflibercept +
Navigated central

retinal laser

complete follow-up
(n=21)

Group B  

Aflibercept
monotherapy 

complete follow-up
(n=20)

Lost to follow-up (n=2)
(COVID 19 pandemic and patient

wish)

Lost to follow-up (n=2)
(COVID 19 pandemic and critical

illness)

Fig. 1. Flowchart of patient inclusion in the study.

Table 1. Baseline characteristics of all participants and separate according to treatment group

Group A (Navilas laser) (n = 21) Group B (No laser) (n = 20) Total

Sex, female (%) 13 (62%) 10 (50%) 23 (56%)

Age, years (SD) 69.4 (11.3) 69.7 (8.7) 69.6 (10.0)

Body Mass Index, kg/m2 (SD) 27.4 (4.2) 27.0 (4.8) 27.2 (4.4)

Systolic blood pressure, mmHg (SD) 154 (23) 154 (23) 154 (23)

Diastolic blood pressure, mmHg (SD) 95 (15) 91 (11) 93 (14)

Smoking, cigarette pack-years (25;75 percentile) 15.0 (1.0;25.0) 0.5 (0.0;13.0) 10.0 (0.0;23.0)

BCVA, ETDRS letters (25;75 percentile) 73.0 (64.0;76.0) 68.0 (60.5;72.5) 70.0 (62.0;75.0)

Central retinal thickness, lm (25;75 percentile) 505 (446;581) 494 (454;564) 502 (449;580)

Mean retinal sensitivity, dB (SD) 21.9 (4.1) 20.7 (3.9) 21.3 (4.0)

Categorical data presented as count (%) and continuous data presented as mean (SD) or median (25;75 percentile) as appropriate.

BCVA = Best Corrected Visual Acuity, ETDRS = Early Treatment Diabetic Retinopathy Study.
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VEGF treatment (Branch Vein Occlu-
sion Study Group 1984; Tadayoni
et al. 2017). In theory, combination
treatment would unify the prolonged
effect of retinal photocoagulation with
the superior outcomes of VEGF inhi-
bitory treatment, but we did not detect
any advantages of combination treat-
ment in our study. Re-treatment need

was similar between groups indicating
that there is either no effect of adding
navigated central laser photocoagula-
tion, or the difference is too little to
demonstrate in a study of this size and
follow-up time.

Overall, we report a lower than
expected re-treatment need in both
treatment arms, equal to or below two

injections after the loading phase, and
five injections during complete follow-
up, under the given re-treatment crite-
ria. In comparison, the VIBRANT
study reports aflibercept-treated eyes
to receive an obligatory six injections
in the first 20 weeks of treatment, and a
mean of nine injections over the com-
plete 48 weeks of the study, and

Table 2. Need for re-treatment of intravitreal VEGF inhibition, change in BCVA, CRT and retinal sensitivity from baseline through month 12

according to treatment group

Group A (Navilas laser) (n = 21) Group B (No laser) (n = 20)

p-

Value

No. of eyes receiving re-treatment (M4-M12), n (% [95% CI]) 15 (71% [49;87%]) 16 (80% [56;93%]) 0.72

Median no. of anti-VEGF injections (M4-M12) (25;75 percentile) 1 (0;3) 2 (1;3) 0.43

Median no. of anti-VEGF injections (M7-M12) (25;75 percentile) 0 (0;2) 1 (0;2) 0.21

Mean BCVA at M12, ETDRS letters (SD) 80.7 (10.9) 80.5 (9.1) 0.95

Mean change in BCVA (M0-M12), ETDRS letters (SD) 12.8 (9.4) 15.1 (9.6) 0.48

No. of patients improving more than 10 ETDRS letters, n (% [95% CI]) 13 (62% [40;80%]) 14 (70% [47;86%]) 0.74

Median CRT at M12, lm (25;75 percentile) 289 (287;306) 294 (269;311) 0.82

Change in CRT (M0-M12), lm (25;75 percentile) �195 (�276;�145) �181 (�263;�157) 0.82

No. of patients without oedema at M12, n (% [95% CI]) 15 (71% [49;87%]) 11 (55% [33;75%]) 0.28

Mean retinal sensitivity at M12, dB (SD) 25.7 (2.8) 25.0 (2.5) 0.25

Change in mean retinal sensitivity (M0-M12), dB (SD) 3.3 (2.3) 4.1 (3.5) 0.67

Categorical data presented as count (% [95% CI]) and continuous data presented as mean (SD) or median (25;75 percentile) as appropriate. Change

in BCVA and CRT represents unadjusted mean/median change, while p-value reflects a mixed model analysis of change adjusted for baseline value,

visit number, and the interaction of visit number and randomization group. Full model outputs are available on request.

CI = Confidence interval, BCVA = Best Corrected Visual Acuity, CRT = Central Retinal Thickness, ETDRS = Early Treatment Diabetic

Retinopathy Study, M0 = Month 0, M12 = Month 12, M4 = Month 4, M7 = Month 7, VEGF = Vascular Endothelial Growth Factor.
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achieved comparable anatomical and
functional outcomes. Thus, our treat-
ment regimen is efficient, independently
of treatment group, utilizing a low
number of injections.

Direct comparison of laser treatment
studies is complicated by different laser
treatment regimen, where treatment
focus, timing and planning varies
widely. Using navigated laser in com-
bination treatment, Liegl et al. (2014)
evaluated 66 patients with centre-
involving DMO and found a signifi-
cantly lower need of injections in the
combination treatment group. The
treatment regimen and re-treatment
criteria were comparable to ours and
follow-up time was the same. But the
study differed from ours in evaluating a
different basic disease as ground for
macular oedema, utilizing ranibizumab
as VEGF inhibitory treatment, apply-
ing laser with a slightly different treat-
ment protocol differing primarily in
pulse duration, and their patients had
significantly lower baseline visual acu-
ity (24.6–30.8 ETDRS letters versus
our 68.0–73.0 ETDRS letters), which
might attribute to differences in results.
Another study provided a head-to-
head comparison of combination treat-
ment with navigated versus conven-
tional laser in DMO. They found no
difference between groups, and con-
cluded that the timing of laser after
anti-VEGF loading might be attribu-
table to the good outcomes (Blindbæk
et al. 2020). This is supported by a
combination treatment study in
BRVO, that apply laser shortly after
VEGF inhibitory treatment and find
lower re-treatment need in the laser
treatment group (Donati et al. 2012).
However, a few studies also evaluated
similar regimens in BRVO, without any
difference in treatment burden between
groups (Tadayoni et al. 2017; Callizo
et al. 2019).

Within aflibercept studies in BRVO,
different re-treatment regimens without
the application of laser photocoagula-
tion have been evaluated (Treat and
extend, treat and monitor), finding low
re-treatment need with good functional
and anatomical results (Pichi
et al. 2019; Arai et al. 2020; Park
et al. 2021). Some studies even find just
one loading dose, followed by as-needed
treatment, enough to maintain good
treatment outcomes (Pichi et al. 2019;
Sakanishi et al. 2021). A knowledge gap
remains, since no studies provide a

head-to-head comparison of treat-and-
extend versus as-needed regimens or
number of loading doses in BRVO.

When comparing structural out-
comes in the studies, one must be
aware of the risk of a ceiling effect
due to large differences in baseline
measures. For example, studies evalu-
ating combination treatment of anti-
VEGF and laser photocoagulation
report baseline BCVA values ranging
from 42.9 to 59.5 letters, all consider-
ably lower than our mean baseline
BCVA of 70.0. (Stenner et al. 2020).
Despite of this, we demonstrate similar
increases in BCVA, with a similar
number of re-treatments.

We argue, based on the results of
this study, that an as-needed regimen
after loading of aflibercept, is effective
in the treatment of BRVO with macu-
lar oedema, with a low VEGF-
inhibitory treatment burden and that
the addition of laser cannot be demon-
strated to be the decisive factor.
Whether the addition of laser, may be
beneficial in a selected patient group,
that is patients with more severe disease
at baseline, anti-VEGF refractory
oedema, or low compliance, is a subject
of further investigation.

In microperimetry measurement,
though statistically insignificant, a
slight numerical difference in change
in mean retinal sensitivity between
treatment groups was demonstrated.
This could indicate a subclinical detri-
mental effect of laser treatment on
retinal sensitivity. However, we subse-
quently evaluated only the affected half
of the macula, and since a slight
numerical difference in mean sensitivity
between groups existed at baseline, we
adjusted for the baseline retinal sensi-
tivity which evened out any numerical
differences (data not shown). When
also accounting for the increased test–
retest variability in eyes with macular
diseases, laser treatment did not affect
retinal sensitivity in our study (Palk-
ovits et al. 2018).

Our study was strengthened by the
prospective, randomized, controlled
design and was, to our knowledge, the
first study to evaluate navigated central
retinal laser treatment in combination
with anti-VEGF for BRVO patients. It
does, however, include limitations.
First, the study includes a relatively
low number of patients, though sample
size was grounded in a power calcula-
tion based on the results from a

previous study in DMO, as enough to
demonstrate a similar difference in
treatment results of BRVO patients.
While we acknowledge that a study in
DMO patients might differ from a
study in BRVO patients, this was
considered the best possible basis for
at power calculation, since no similar
studies existed in BRVO. Second,
although the criteria for re-treatment
were based on earlier study protocols,
is it not possible to rule out that
conducting the study with a lower
threshold for re-treatment might have
led to other results. Given the fact that
postoperative improvements in BCVA
compared well with previous studies,
we do not, however, expect that
patients were treated insufficiently.
Third, the Danish nationwide lock-
down due to the COVID-19 pandemic
resulted in a few withdrawal of con-
sents and rescheduling of patient visits,
thus, follow-up time differed slightly
from protocol.

Conclusion/perspectives

Navigated central laser in combination
with aflibercept is not associated with a
lower need for re-treatment than afliber-
cept monotherapy in the treatment of
macular oedema due to BRVO. Combi-
nation treatment was equal to anti-
VEGF monotherapy in functional and
structural outcomes, and was safe with
regard to retinal sensitivity, evaluated
by microperimetry.
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