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Abstract
Introduction and Objective. Retinal artery occlusion (RAO) is an ophthalmic and systemic emergency requiring urgent 
diagnosis and treatment. Data regarding mortality in this group, especially in the European population, are modest. The 
aim of this study is to assess all-cause mortality in post-RAO patients.   
Materials and method. This is a retrospective, single-centre study involving 198 patients following RAO diagnosed in 
2004–2020. The control group included 198 patients after cataract surgery matched for gender and age, with the date of 
cataract surgery corresponding to the date of the RAO.  
Results. The average follow-up of the study population was 6.32±2.15 years. Post-RAO patients had significantly higher 
risk of all-cause mortality (Log-rank test p = 0.001), also when stratified for ages below 75 years (Log-rank test p = 0.016) 
and those aged 75 and over (Log-rank test p = 0.001). In the group of patients without cardiovascular events before RAO/
cataract surgery, post-RAO patients were also at higher risk of all-cause mortality (Log-rank test p = 0.011), but when stratified 
according to age, those observations were borderline significant (Log-rank test p = 0.083 for a group of patients aged less 
than 75 years, and p = 0.051 for patients aged 75 and over). Cox analysis showed that in the group of post-RAO patients, the 
main risk factors for all-cause mortality were age (HR 1.07, 95%CI 1.04–1.1; p < 0.001), ischemic heart disease (HR 1.72; 95%CI 
1.08–2.72; p = 0.022), and permanent atrial fibrillation (HR 2.18, 95%CI 1.08–4.38; p = 0.029).   
Conclusions. Regardless of age and previous cardiovascular events, post-RAO patients are at a higher risk of all-cause 
mortality than patients without a history of RAO.
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INTRODUCTION

Retinal artery occlusion (RAO) is an ophthalmic and systemic 
emergency requiring urgent diagnosis and treatment [1]. 
Despite over 150 years of research, there are no effective, 
evidence-based treatments for this condition, although our 
knowledge about these episodes has increased significantly 
[2]. Currently, it is known that they occur mainly in the elderly 
population and often constitute a symptom of cardiovascular 
disease [1–4]. Patients with RAO are a group in which 
hypertension, hyperlipidaemia, smoking, and diabetes were 
diagnosed significantly more frequently than in the control 
groups [5, 6]. Recently, it has also been indicated that patients 
with RAO often have undiagnosed atrial fibrillation (AF) [7]. 
Cardiovascular diseases, often numerous and undiagnosed in 
patients with RAO, increase the mortality risk in the group 
[1, 3]. It has also been shown that patients with RAO have 
a shortened life expectancy [8]. Patients with RAO have a 
significantly higher risk of stroke, myocardial infarction 
(MI) or death than the control groups [6, 9–12]. Due to its 

similarities in aetiology and cardiovascular risk factors, RAO 
is recognized as the equivalent of acute cerebral ischaemia [1].

It is recommended that patients with RAO undergo urgent 
diagnostics, similar to those dedicated to patients with ischemic 
stroke (IS), in order to determine the aetiology of RAO [1]. 
Increasing attention is being paid to appropriate diagnostic 
management and secondary prevention aimed at reducing the 
risk of subsequent thromboembolic episodes and mortality in 
this group of patients [1, 2, 4]. The results of previous studies 
show that the patients with RAO, so far, have only rarely been 
subjected to appropriate diagnostic management [13, 14]. Data 
on the mortality of patients with RAO are modest, some studies 
were performed decades ago, not all of the available studies 
present consistent results, moreover there are few studies with 
a large study group, long follow-up period or a control group 
[8, 12, 15–29]. The aim of this study was to assess long-term 
mortality after RAO in the European population, and to identify 
risk factors for death in this group of patients.

MATERIALS AND METHOD

The protocol for the retrospective study was approved by a 
Bioethics Committee, and included 198 patients with RAO 
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hospitalized in the Department of Ophthalmology between 
2004–2020 due to RAO confirmed by an ophthalmological 
examination. All-cause mortality data were obtained from 
the Polish National Health Fund. The inclusion of patients 
with RAO has been described previously [28]. The control 
group included patients after cataract surgery performed 
at the Department of Ophthalmology. The controls were 
matched to the RAO group according to the date of the 
cataract surgery that corresponded to the RAO event, as 
well as according to age and gender. Patients included in the 
control group were randomly selected from 18,200 patients 
subjected to cataract surgery between 2004–2020 who 
matched the described requirements. Finally, 198 patients 
with RAO confirmed by an ophthalmological examination 
and 198 patients after cataract surgery hospitalized between 
2004–2020 were enrolled in the study. Each patient after 
cataract surgery performed at our centre was examined for 
the presence of retinal vascular occlusive disorders (RVOD). 
A thorough ophthalmological examination of patients after 
cataract surgery showed that one patient randomized to 
the control group after the assessment of additional tests, 
was excluded from the control group due to diagnosed 
branch retinal artery occlusion (BRAO). Each patient was 
followed for up to 17 years from the time of diagnosis of 
RAO or cataract surgery. Data on concomitant diseases were 
obtained from the medical records due to the hospitalization 
for RAO or cataract surgery. Patients were classified as 
having hypercholesterolaemia if they were diagnosed with 
hypercholesterolaemia before admission, had elevated total 
cholesterol (>190 mg/dL) or low-density lipoprotein (LDL) 
cholesterol on admission, or were using lipid-lowering 
medications at the time of RAO. Patients were classified as 
having ischemic heart disease if they had a history of MI, had 
undergone percutaneous coronary intervention or coronary 
artery bypass grafting, or had been diagnosed with ischemic 
heart disease by a cardiologist. The profile of the drugs taken 
represents the medical therapy of patients at the time of 
admission to the hospital for RAO. At the time of discharge 
after an episode of RAO, if the patient had not previously 
taken acetylsalicylic acid or an oral anticoagulant for AF, 
the patient received acetylsalicylic acid or oral anticoagulant, 
as indicated.

The date of all-cause mortality was determined on the basis 
of the data of the National Health Fund.

Statistical Analysis. The demographic and clinical 
characteristics of the RAO patients were compared with 
those of the control group using the Student’s t-test for 
normally distributed variables, and the Mann-Whitney or 
Chi-square test for normally distributed variables. The RAO 
group baseline characteristics were defined at the time of the 
RAO episode. Times to event are presented as medians and 
interquartile ranges (IQR), after which they were compared 
using the Mann-Whitney U test. The all-cause mortality-free 
rate were estimated using the Kaplan-Meier method, and 
log-rank tests were used to describe and compare the curves 
of patients with RAO and the control group.

Kaplan-Meier analysis with log-rank test was performed 
for the entire study population and separately for patients 
aged less than 75 years or those aged 75 years or more, as well 
for patients who had no history of cardiovascular events such 
as IS or MI prior to RAO, i.e. patients who did not receive 
secondary prevention of recurrence of cardiovascular events.

Cox proportional hazards regression analysis was conducted 
to determine the relationship between cardiovascular risk 
factors and all-cause mortality in the RAO group.

Statistical significance was set at p < 0.05. Statistical analyses 
were performed with STATISTICA 13.3 software (TIBCO 
Software Inc., Tulsa, OK, USA).

RESULTS

The characteristics of the study group and the control group 
are presented in Table 1. Comparative analysis showed no 
differences in age and gender, as assumed by the study 
methodology. Patients after RAO were more burdened 
with diseases and cardiovascular risk factors, more often 
diagnosed with hypertension (82.3 vs 62.1%; p<0.001), 
hypercholesterolaemia (63.1 vs 21.7%; p<0.001), ischemic 
heart disease (41.9 vs 32.3%; p=0.048), post-MI status (21.2 
vs 9.1%; p=0.001), heart failure (16.7 vs 9.1%; p=0.024), status 
post IS or transient cerebral ischemia (12.1 vs 3.5%; p=0.001), 
and AF (14.7 vs 7.6%; p=0.025), compared to the control 
group (Tab. 1). Patients after RAO smoked more often (24.2 
vs 11.1%; p=0.001), and used acetylsalicylic acid (17.2 vs 10.1%; 
p=0.04) and oral anti-coagulants (13.1 vs 6.1%; p=0.017) more 
often, compared to the group control. Patients after RAO 
died more often (36.6 vs 23.7%; p=0.006), but there was no 

Table 1. Study group characteristics

Variables
RAO 

population
n = 198

Control 
group 

n = 198
p-Value

Gender (female), n (%) 75(37.9) 74(37.4) 0.917

Age, years (SD) 70.3(11.4) 70.2(11.0) 0.901

Age < 50 years, n (%) 10(5.1) 10(5.1)

0.999

Age 50–59 years, n (%) 20(10.1) 21(10.6)

Age 60–69 years, n (%) 57(28.8) 56(28.3)

Age 70–79 years, n (%) 69(34.9) 71(35.9)

Age ≥ 80 years, n (%) 42(21.2) 40(20.2)

Age <75 years, n (%) 120(60.6) 120(60.0) 0.902

Hypertension, n (%) 163(82.3) 123(62.1) <0.001

Hypercholesterolaemia, n (%) 125(63.1) 43(21.7) <0.001

Ischemic heart disease, n (%) 83(41.9) 64(32.3) 0.048

Post-MI, n (%) 42(21.2) 18(9.1) 0.001

Heart failure, n (%) 33(16.7) 18(9.1) 0.024

Post stroke/TIA, n (%) 24(12.1) 7(3.5) 0.001

Post haemorrhagic stroke, n (%) 3(1.5) 0(0.0) 0.082

AF, n (%) 29(14.7) 15(7.6) 0.025

Permanent AF, n (%) 14(7.1) 11(5.6) 0.535

Paroxysmal AF, n (%) 15(7.6) 4(2.0) 0.010

Diabetes, n (%) 37(18.8) 51(25.8) 0.096

Smoking, n (%) 48(24.2) 22(11.1) 0.001

ASA, n (%) 34(17.2) 20(10.1) 0.04

OAK, n (%) 26(13.1) 12(6.1) 0.017

VKA, n (%) 22(11.1) 6(3.0) 0.002

NOAC, n (%) 5(2.5) 5(2.5) 1.000

Death, n (%) 72(36.6) 47(23.7) 0.006

Median time to death, months (IQR) 49.1(68.9) 65.6(58.7) 0.215

AF – atrial fibrillation; ASA – acetylsalicylic acid; IQR – interquartile range; MI – myocardial 
infarction; NOAC – non-vitamin K antagonist oral anticoagulants; OAK – oral anti-coagulant; 
SD – standard deviation; TIA – transient ischaemic attack; VKA – vitamin K antagonists
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difference in the median time to death (49.1 vs 65.6 months; 
p=0.215) compared to the control group.

The average follow-up of the study population was 
6.32±2.15 years.

Figure 1A shows the results of the Kaplan-Meier curves for the 
RAO group and the control group. The Kaplan-Meier analysis 
of the occurrence of all-cause mortality in the RAO group 
and the control group showed that patients after RAO were at 
a statistically significantly higher risk of all-cause mortality 
compared to the control group (log-rank test p=0.001).

Due to the elderly age of the study population, a Kaplan-
Meier analysis was performed with stratification into two 
groups for age at the time of the RAO event/cataract surgery. 
Both the population under 75 years of age (log-rank test 
p=0.016) and the population over or at 75 years (log-rank test 
p=0.001) after RAO, were at higher risk of all-cause mortality 
than the control group (Fig. 1B and 1C).

Kaplan-Meier analysis for the group of patients without 
cardiovascular events before RAO showed that patients after 
RAO were more likely to experience all-cause mortality 
compared to the control group (log-rank test p=0.011), but 
when stratified according to age groups these findings were 
borderline statistically significant for patients under 75 years 
of age (Log-rank test p = 0.083), and for patients 75 years or 
older (Log-rank test p = 0.051) (Fig. 2A-C).

Cox analysis showed that in the group of post-RAO patients 
the main risk factors for all-cause mortality were age (HR 
1.07; 95%CI 1.04–1.1; p < 0.001), ischemic heart disease (HR 
1.72; 95%CI 1.08–2.72; p = 0.022), and permanent AF (HR 
2.18, 95%CI 1.08–4.38; p = 0.029) (Tab. 2).

Figure 2. Kaplan–Meier survival probability curves for all-cause mortality for a sub-population without cardiovascular events before RAO for the whole study population 
(A), patients younger than 75 years old (B), and patients at 75 years or older.
RAO – blue line; control group – red line.

Figure 1. Kaplan–Meier survival probability curves for all-cause mortality for the whole study population (A), patients younger than 75 years old (B), and patients at 75 
years or older (RAO, blue line; control group, red line).

Table 2. Risk factors for all-cause mortality identified by univariate Cox 
analysis in RAO patients

Univariate Cox

HR 95%CI p-Value

Age, years 1.07 1.04–1.10 <0.001

Age ≥75 years 2.68 1.66–4.29 <0.001

Gender (female) 0.98 0.61–1.57 0.937

Ischaemic heart disease 1.72 1.08–2.72 0.022

Permanent AF 2.18 1.08–4.38 0.029

Paroxysmal AF 0.72 0.29–1.79 0.485

Heart Failure 1.15 0.63–2.11 0.639

Myocardial infarction before RAO 1.2 0.67–2.16 0.536

Smoking 0.91 0.52–1.58 0.727

Diabetes mellitus 1.2 0.67–2.15 0.538

Ischaemic stroke/TIA before RAO 0.95 0.47–1.91 0.886

Hypertension 1.47 0.77–2.79 0.243

Hypercholesterolaemia 0.88 0.56–1.41 0.607

AF – atrial fibrillation; RAO –  retinal artery occlusion; TIA – transient ischemic attack
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DISCUSSION

The study found that patients with RAO had statistically 
significantly higher risk of all-cause mortality compared to 
the control group who did not experience RAO. This finding 
applied to both patient groups: under 75 years and those 
aged 75 and over. A poorer prognosis in the group of RAO 
patients in terms of all-cause mortality was also applicable 
to patients without previously diagnosed cardiovascular 
events, such as MI or IS, compared to patients in the control 
group also without cardiovascular events, i.e. patients who 
did not receive secondary prevention for cardiovascular 
events. Among the studied variables, risk factors for all-cause 
mortality were identified in patients after RAO, which were 
age, ischemic heart disease, and permanent AF.

The assessments of mortality in patients with RAO have 
been undertaken in several studies [8, 12, 15–29], some of 
which date back over forty years [8, 16, 17], and show that 
patients with RAO had a shortened life expectancy [8, 16, 17]. 
However, the study by De Potter et al. concluded that although 
the survival rate of 151 RAO patients was lower than that of 
the age- and gender-matched control group, there was no 
statistically significant difference in the survival rate between 
RAO patients and control group (26% vs 21%; P = 0.29). The 
follow-up lasted 9.7 years [20]. In the systematic review by 
Woo et al., aimed at assessing the relationship between RAO 
and retinal vein occlusion (RVO) with mortality, stroke, 
and MI, the analysis included papers regarding this issue 
published between 1992–2015. The review did not include any 
study that would assess mortality in patients with RAO [30]. 
When considering mortality in patients with RAO, the study 
by Wang et al. in particular must be mentioned. Pooled data 
analyses from two older populations show that the presence 
of retinal embolism predicts a modestly increased risk of 
long-term, all-cause mortality, independent of age, gender, 
and vascular risk factors [25].

Most studies included patients with RAO [21, 22, 26–29], 
some studies only included patients with central retinal 
artery occlusion (CRAO) [23, 24]; the studies also differed in 
the duration of follow-up and the size of the groups evaluated, 
and only few studies included a control group [21–24, 26–29]. 
In the study by Mir et al., in-hospital mortality in CRAO 
patients was 1.3% [24]. In the study by Suri et al. 308 patients 
(2.1%) out of 14,527 patients with RAO died within six 
months from RAO [27]. Lavin et al., assessed the death risk 
within 24 months after CRAO. Of the 103 patients enrolled 
in the study, 28 were lost to follow-up within 90 days after 
CRAO. Of the remaining 75 subjects, six (8%) died [23]. 
This is a very high result in such a short period of time, but 
this study was performed in the so-called ‘stroke belt’ of the 
USA, where there is a higher burden of stroke risk factors 
and a higher percentage of strokes identified, which may have 
had a major impact on the results obtained. In this study, as 
many as 33% of the patients with RAO had a hypertensive 
crisis [23].

A recent study by Vestergaard et  al. concerning RAO 
patients among the European population [12] was based 
on the national health registry, and included the entire 
population of Denmark between 2000–2018. All patients 
with RAO were identified and the risk of stroke, MI or death 
in the periods since RAO were compared with those of the 
Danish population. All-cause deaths occurred in 6.06% of 
RAO patients within the first year after RAO. As in the 

current study, the occurrence of RAO was associated with 
an increased risk of death compared to the control group. In 
Vestergaard et al. study, the risk of death after RAO persisted 
for more than one year, but was the highest at 14–90 days 
after RAO, with adjusted RRs of 1.64 (95% CI, 1.28–189) [12]. 
In the current study, the control group was matched for age 
and gender only, while in the study by Vestergaard et al., 
the following comorbidities were considered as potential 
confounders: diabetes, hypertension, heart failure, chronic 
kidney disease, cancer, ischemic heart disease, stroke, 
and atrial fibrillation, which significantly increased the 
significance of the obtained results [12].

The European population was also included in a 
prospective study performed over 30 years ago by Hankey 
et al. [15], but which unfortunately did not include a control 
group. A total of 99 patients with RAO were included in 
the study, and during the follow-up period which lasted, on 
average, 4.2 years, 29 deaths (29.29%) were recorded [15]. 
In the current study, there was a longer observation time, 
with an average follow-up of 6.32±2.15 years and 72 deaths 
among 198 subjects recorded (36.6%), which may be due 
to the longer follow-up. Despite the many years that have 
passed since the study by Hankey et  al., the comparable 
percentage of cardiovascular risk factors between the current 
study and that of Hankey et al. attracts attention [15]. The 
coexisting cardiovascular risk factors in the current study, 
i.e. arterial hypertension, hypercholesterolaemia, ischemic 
heart disease, smoking, heart failure, and paroxysmal AF, 
occurred statistically significantly more often than in the 
control group. In terms of the prevalence of the above-
mentioned diseases, the results obtained are also similar to 
other previously published studies evaluating cardiovascular 
risk factors in patients with RAO [3, 6, 15, 24, 27].

Nevertheless, there are some inconsistencies. In the current 
study, diabetes was not statistically significantly more frequent 
in RAO patients, and the percentage share of diabetes in RAO 
patients was also lower compared to other studies [5, 6, 22, 
24–27, 29]. Hypertension and hypercholesterolaemia, both 
in the currrent and other studies, were among the leading 
cardiovascular risk factors [6, 15, 24, 27]. Noteworthy was the 
significantly lower prevalence of hypertension and ischemic 
heart disease in the study by Vestergaard et al. [12], which 
also applies to the European population, both in comparison 
to the current and other studies [3, 5, 6, 9, 10, 15, 18, 24, 27, 
28, 29].

In a recently published study, Hwang et  al. assessed 
mortality in RAO patients in a South Korean population [29]. 
The authors used claims data from 2002–2018 in Korea, and 
found 51,326 RAO patients among whom they identified 7,107 
deaths. This study was similar to the current study in terms 
of the data collecting period, where death was significantly 
higher in patients with RAO compared with the control 
group [29]. However, the percentage of deaths in the current 
study was definitely higher (36.6%vs13.84%). The difference 
in the incidence rate of death between the studies may result 
from the fact that patients in the current study were older, 
with most of them having cardiovascular disease. There are 
visible significant discrepancies in the frequency of diagnosed 
diseases, such as hypertension, dyslipidaemia, ischemic 
heart disease or AF, which were more often diagnosed in 
the current study, contrary to diabetes mellitus where the 
incidence was higher in the study Hwang et al. In this case, 
ethnic differences may also be significant [29].

255Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 2



Joanna Roskal-Wałek, Jerzy Mackiewicz, Paweł Wałek, Jacek Sidło, Michał Biskup, Beata Wożakowska-Kapłon, Dominik Odrobina. Long-term mortality after retinal…

It is well known that stroke is the leading cause of death 
worldwide [31]. Undoubtedly, it should be remembered 
that the different subtypes of stroke differ in terms of the 
related risk of death, as in this context the risk in patients 
with RAO, which is compared to minor strokes, is more 
interesting [1, 32, 33]. Mortality in patients with a minor 
stroke is lower than mortality observed in stroke patients 
taken as a whole, because they are not affected by deaths 
caused by the extent of ischemic stroke or complications 
related to immobilization [32]. The study by Schorr et  al. 
showed a statistically significant difference in mortality rates 
between patients with RAO and those with ischemic stroke. 
In that study, a minor likelihood of dying affected 60.1% of 
patients with RAO and 29.8% of patients with stroke, the 
extreme likelihood of dying affected 0.4% of patients with 
RAO and 8.5% of patients with ischemic stroke [26]. However, 
there are no studies comparing the mortality of patients with 
RAO to patients with a minor stroke.

In a study by Prencipe et  al. evaluating the long-term 
prognosis after a minor stroke, the 10-year mortality rate 
was 32% for stroke patients and 17% for the age- and gender-
matched general population. This is similar to the results 
obtained in the current study, with all-cause mortality for 
RAO at 36.6% and 23.7% for the control group [32].

In minor ischemic strokes, age, minor disability, MI, non-
valvular AF, and hypercholesterolaemia increased the risk 
of death [32]. In the study by Hankey et al., the prognostic 
factors associated with an increased risk of death were 
increasing age, peripheral vascular disease, cardiomegaly, 
and carotid bruit [15]. In the current study, the factors were 
age, ischemic heart disease, and permanent AF.

It is very important that after RAO, in comparison to the 
control groups, a statistically significantly higher incidence 
of ischemic episodes, such as strokes and MI, was reported, 
where the risk of stroke was highest in the first weeks after 
RAO [9, 11, 12]. Studies evaluating the incidence of stroke 
in patients with RAO based on MRI show that most lesions 
are small and clinically silent [34], which would confirm 
previous reports that heart disease, and not the stroke itself 
after RAO, was the main cause of death after RAO [15–19]. 
Nevertheless, it should be remembered that the presence 
of even small cerebrovascular lesions is associated with an 
increased risk of subsequent stroke and mortality [35, 36].

In the study by Hankey et al., during the follow-up there 
were 29 deaths, 21 from vascular causes and eight from 
non-vascular or unknown causes, 10 patients had a first-ever 
stroke, while 19 patients had a coronary event. A coronary 
event accounted for more than half (59%) of the deaths, 
whereas stroke was the cause of only one death (3%). Over the 
first five years after retinal infarction, the actuarial average 
absolute risk of death was 8% per year [15].

In the study by Laczynski et al., which included 221 patients 
with RAO, only five patients (2.3%) experienced a stroke, 
while four of the five strokes occurred during the RAO, and 
were minor in severity. Of the 221 RAO patients enrolled in 
the study, 12 (5.4%) died during the mean follow-up period 
of 24.5 months, two due to MI, while in the remaining cases 
the cause of death was unknown [22].

In the study by Dunlap et al., 130 patients with CRAO, 
BRAO, and Hollenhorst plaque were evaluated. The follow-up 
data ranged from one to 49 months (median – 22 months). 
A total of five people died with none of the deaths being 
related to stroke. A total of two patients died of heart 

disease: one of post-MI and the other due to congestive 
heart failure. Two patients died of cancer, while one patient 
died due to complications following a hip fracture. Stroke-
free survival and overall survival were 94%, equivalent to 
three years [18].

Plaffenbach and Hollenhorst noted that 15% of patients 
with ophthalmologically visible cholesterol embolism died 
within the first year, 29% within the first three years, and 
54% within the first seven years. Most deaths were related 
to coronary artery disease [17].

Contrary to the results of the above studies, Wang et al. did 
not find a significant association between retinal embolism 
and cardiovascular mortality. In the study by Wang et al., 
after adjusting for age, gender, body mass index, hypertension, 
diabetes, current smoking status, total cholesterol, HDL 
cholesterol, and study site, stroke-related mortality doubled 
in participants with retinal emboli (Model 1 HR, 2.5; CI, 1.4 
to 4.4); however, there was no statistically significant increase 
in cardiovascular mortality in this group (Model 1 HR, 1.3; 
CI, 0.9 to 1.8) [25]. In the study by Hwang et al., the leading 
causes of death among patients with RAO were diseases 
of the circulatory system, including acute MI (18.6%) and 
cerebral infarction (15.9%). By comparison, in the general 
population of this study, the most common cause of death 
involved neoplasms [29].

In the current study, no cause of death was determined, but 
data on the frequency of strokes and heart attacks after RAO 
were provided in previous publications by the authors [28]. 
Patients with RAO under 75 years of age had a statistically 
significantly higher risk of stroke and all-cause mortality 
compared to the control group, while similar findings were 
not found for patients over 75 years of age [28]. In the present 
study with a longer follow-up period, all-cause mortality was 
statistically significantly more frequent, both in the group of 
patients both below and above 75 years of age. In this study, 
it was found that RAO patients were statistically significantly 
more likely to experience MI and stroke before an episode 
of RAO, which also implied a statistically significantly 
more frequent use of anti-platelets in the entire RAO group 
and anti-coagulants in the RAO group with AF. However, 
despite this treatment, the patients still developed an episode 
of RAO. The observations were not surprising given the 
numerous cardiovascular risk factors present in patients 
with RAO. This is an interesting observation in the context 
of previous reports, which indicate the lack of the protective 
effect of aspirin on the risk of subsequent strokes after RAO 
[12, 15, 37].

In the study by Vestergaard et al., treatment with aspirin 
did not change the risk of stroke, MI, or death in the first year 
after RAO, but after one year of the treatment with aspirin 
it was associated with a reduction in the risk of both strokes 
(adjusted RR, 0.80; 95% CI, 0.68–0.94; p = 0.0058) and death 
(adjusted RR, 0.86; 95% CI, 0.79–0.93; p < 0.001). Clopidogrel 
was associated with a reduced risk of death after one year, 
with an adjusted RR of 0.84 (95% CI, 0.74–0.95; p=0.0068). 
Anti-coagulant treatment was associated with a reduction 
in the risk of stroke at all time intervals, and of MI and 
death at 90 and 365 days, respectively [12]. Similarly, in the 
study by Hankey et al., the treatment with aspirin and anti-
coagulation did not have a significant effect on the risk of 
subsequent stroke, but the evaluated group was small [15]. A 
study by Kang et al. also failed to demonstrate the benefit of 
aspirin in reducing the risk of stroke after RAO [37].
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Only a few studies compare mortality between CRAO and 
BRAO patients [20, 29, 38]. In the study by De Potter and 
Zografos only BRAO was associated with a significant lower 
life expectancy [20]. Contrary to the study by Hwang et al. the 
mortality rate was higher in CRAO than in the non-central 
RAO group [29]. In their previous study, the authors of the 
presented study found no statistically significant differences 
in all-cause mortality between patients with CRAO and 
BRAO [38].

Strengths of the Study. Only patients with diagnosed RAO 
confirmed by research team were included in the study, which 
excluded misdiagnoses. The study population was ethnically 
homogeneous as only European patients were included. This 
was important in the light of reported differences in the risk 
of ischemic stroke and RAO between ethnic groups. The 
follow-up lasted 17 years, the average follow-up of the study 
population was 6.32±2.15 years, which is one of the longest 
follow-up periods among studies evaluating the mortality of 
patients after RAO, compared to the control group. Finally, 
a control group was randomly selected and matched for 
gender, age, and year of RAO event/cataract surgery. Each 
control patient was assessed for ocular vascular occlusion 
disorders, and all patients suspected of having RAO were 
excluded from the control group.

Limitations of the Study. Due to the lack of detailed 
information on the actual cause of death, all-cause mortality 
was used in the analysis. Due to the reported differences 
in the all-cause mortality and RAO across ethnic groups, 
the results obtained should not be generalized to other 
populations. Although this study presents one of the longest 
reported follow-up periods in patients after RAO, this group 
is relatively small because RAO is a relatively rare disease, 
diagnosed, and treated in ophthalmology departments. 
Moreover, it is a single-centre study. This may have affected 
the borderline statistical significance in the analysis of some 
variables. Due to the small sample size and the burden of 
cardiovascular diseases, it is difficult to match the control 
group in terms of these parameters, which results in matching 
the control group only in terms of age, gender, and the year 
of RAO occurrence. The correction for these variables only 
excludes the assessment of the risk of cardiovascular events, 
which would be affected only by the RAO event. Due to the 
cardiovascular burden in the RAO group, it can be assumed 
that the more frequent deaths in this group result from the 
overall cardiovascular risk resulting from these diseases, and 
not only from a previous episode of RAO.

Patients in the control group did not undergo a Doppler 
ultrasound of the carotid arteries; therefore, these parameters 
could not be compared between patients after RAO and 
the control group, even though one of the main sources 
of embolic material in RAO patients is atherosclerotic 
plaque in the carotid arteries. No tests were performed for 
hypercoagulation statuses.

CONCLUSIONS

Patients with RAO were more likely to have cardiovascular 
diseases and risk factors than the control group matched 
for gender, age, and year of RAO event/cataract surgery. 
Regardless of their age and previous cardiovascular events, 

post-RAO patients were at higher risk of all-cause mortality 
than patients without a history of RAO. The main risk factors 
for all-cause mortality in the group after RAO were age, 
ischemic heart disease, and permanent AF. Due to the 
higher risk of all-cause mortality, these patients should be 
diagnosed as soon as possible for RAO aetiology and related 
cardiovascular diseases in order to introduce treatment that 
may affect their long-term prognosis. Due to the fact that 
cardiovascular events are the main cause of death globally, 
it is warranted to look for ways to improve the prognosis in 
post-RAO patients. A multi-centre randomized trial should 
be designed to evaluate the effectiveness of antiplatelet, 
antithrombotic, and lipid-lowering treatments in patients 
with RAO.
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