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Abstract

Objectives To determine the near-term risk of stroke following a retinal artery occlusion (RAO).

Methods The risk of stroke was assessed in two manners; with a self-controlled case series (SCCS) and a propensity score
(PS) matched cohort study using a US medical claims database. The date of RAO diagnosis was assigned as the index date.
In the SCCS, incidence of stroke was compared in 30- and 7-day periods pre- and post-index date. In PS analysis, matched
cohorts were created from patients with RAO or hip fracture. Cox proportional hazard regression assessed the hazard for
stroke. Patients were censored at 1 year, upon leaving the insurance plan or if they had a qualifying event for the
comparison group.

Results The SCCS included 16,193 patients with RAO. The incidence rate ratio (IRR) of new stroke in the month after RAO
was increased compared to all periods >2 months before and all months after the index date (IRRs: 1.68-6.40, p < 0.012).
Risk was increased in the week immediately following the index date compared to most weeks starting 2 weeks prior to and
all weeks immediately after the index date (IRRs: 1.93-29.00, p < 0.026). The PS study analysed 18,213 propensity-matched
patients with RAO vs. hip fracture. The HR for having a stroke after RAO compared to a hip fracture was elevated in all
analyses (All RAO HR: 2.97, 95% CI: 2.71-3.26, p <0.001; CRAO HR: 3.24, 95% CI: 2.83-3.70, p <0.001; BRAO HR:
2.76, 95% CI: 2.43-3.13, p<0.001).

Conclusions The highest risk for stroke occurs in the days following a CRAO or BRAO, supporting guidelines suggesting
immediate referral to a stroke centre upon diagnosis.
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studies. First, while some literature exists to link branch
retinal artery occlusions (BRAOs) to strokes [13—17, 22],
the data are not as extensive, as acknowledged in the AAO
practice pattern report [18]. Similarly, but may be not as
obvious, an issue is that the majority of studies to date have
focused on RAO that have been evaluated in the inpatient
setting [6—13]. One inference from using inpatients is that
these are likely sicker patients that may have other neuro-
logic symptoms that prompted the hospital visit and testing,
making it more likely to diagnose concurrent strokes. In this
light, it may seem reasonable to forgo emergency referral
for a patient presenting to an outpatient setting with a
CRAO or asymptomatic BRAO.

The following study aims to help fill in these gaps by
providing data on a large national cohort that assessed the
risk of stroke after RAO’s together and both CRAO and
BRAO individually. This was done in two parts: first a self-
controlled case series (SCCS) was performed, followed by a
propensity score-matched cohort study using data from a
predominately outpatient-based medical claims database.

Methods
Dataset

Optum’s Clinformatics Data Mart Database contains the de-
identified medical claims of all beneficiaries obtained from
a large private insurance network throughout the United
States and was used for this study. Included within the
database are all outpatient medical claims (office visits and
associated diagnoses) and demographic data for each ben-
eficiary during their enrolment in the insurance plan. The
subset of data available for this study included all patients in
the database from January 1, 2004 to December 31, 2016.
The University of Pennsylvania’s Institutional Review
Board declared this study exempt from review due to the
de-identified nature of the data.

RAO cohort

For both the SCCS and the cohort study, similar inclusion
and exclusion criteria were used to define RAO patients
(Fig. 1). All patients with a new ICD9 or ICD10 diagnosis
of a CRAO or BRAO were included. The index date was
assigned as the date corresponding to the date of the first
RAO diagnosis. All patients were required to be 55 or older
and have at least 2 years in the dataset prior to the index
date. The database has some, but limited information on in-
hospital care. Due to this, those patients that were diagnosed
with a RAO during a hospital stay were additionally
required to have had a stay of <3 days and to not be dis-
charged with a concurrent diagnosis of stroke. For sub-

SPRINGER NATURE

analyses that differentiated between CRAO and BRAOs,
those patients who had both a CRAO and BRAO diagnosis
codes on the same day were categorized as CRAOs. For
those with an unspecified RAO code and a CRAO or
BRAO code, the CRAO and BRAO codes were used.
(Please see Online Supplementary Appendix 1 for all ICD9,
ICD10 and DRG codes used in this study.)

Self-controlled case series (SCCS)

In this analysis, every RAO patient acts as their own control
with time frames before and after the diagnosis date com-
pared to each other. The main outcome was an occurrence
of the first stroke for each patient (if one occurred at all) and
the time period that it occurred in. For example, if a person
had a stroke in the month prior to index and another
3 months after index, only the first stroke was counted. Due
to the vagueness of ICD diagnosis coding, it is inde-
terminable whether a second ICD code used at a date after
the first stoke diagnosis is a follow up representing the first
diagnosis or is indeed a new second stroke. Therefore, later
instances of stroke codes were not excluded or censored
from the analysis in anyway. A stroke was defined as
having a new ICD9 or ICD10 code for an ischaemic or
haemorrhagic stroke. After all new occurrences of stroke
were identified, incidence rate ratios were created from
comparing the rate of strokes 6 months before and after the
index date to the month (30 days) immediately following
the index date. Sub-analyses were run for individuals spe-
cifically with CRAOs and BRAOs as well as for numerous
weeks (7 days) around the index date.

Propensity score-matched cohort analysis

For this study, additional criterion was mandated on the
RAO patients in that they were excluded for any previous
diagnosis of a stroke. A matched cohort was created from
patients who were diagnosed with hip fractures. Since RAO
patients are typically older and have a certain level of
infirmity, hip fracture patients were chosen as a comparison
group since they too tend to be older and have a certain
level of infirmity. To account for the possible limited
anticoagulation after hip fracture surgery, the index date for
these patients was considered the date 30 days after the date
the patient was discharged from the hospital. Similar to the
RAO cohort, these patients had to be over 55, have at least 2
years in the database prior to the index date and have no
previous history of stroke.

All patients in both cohorts were then assigned a pro-
pensity score for likelihood of having a RAO created from
numerous demographic and clinical variables. Included in
this were age, race, sex, year of the index date and clinical
variables such as history of atrial fibrillation/flutter,



The association of stroke with central and branch retinal arterial occlusion

837

Fig. 1 Numbers excluded at
each step and final inclusion
counts for both the self-
controlled case series and the
cohort analyses. *Denotes
those patients that did not have

enough time in the insurance (eligibility =
plan for inclusion. "Denotes period®)
patients excluded for missing \ 4

gender or having a diagnosis of
an ‘unspecified’ retinal artery
obstruction that did not delineate
between a central or branch
occlusion.
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22730 Total RAO
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(stroke on same [

day)
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16995 Total RAO
after exclusions

18945 Total RAO
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113709 Total hip fx
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(missing datat)
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16193 Total RAO

after exclusions
6577 CRAO
9616 BRAO

18240 Total RAO
after exclusions

113691 Total hip fx
after exclusions

27 Excluded
(matching)

(matching)

95478 Excluded

A4

A4

18213 Total RAO
after matching

18213 Total hip fx
after matching

congestive heart failure, previous myocardial infarction,
arrhythmia, hypertension, diabetes mellitus, transient
ischaemic attacks, chronic liver disease, chronic pulmonary
disease, peripheral vascular disease, kidney disease (mod-
elled as no disease, chronic kidney disease or end-stage
renal disease) or any malignancy. Patients were then mat-
ched 1:1 in a nearest-neighbour matching algorithm.

A cox proportional hazards regression was then run to
assess the hazard of developing a new stroke (ischaemic or
haemorrhagic). Variables were included and controlled for
in the final model only if a standard mean difference of
>(0.10 was seen between the cohorts after matching. Given
the significant role age plays in the occurrence of RAOs,
age was included in all final models regardless of standard
mean difference findings. Patients were censored for an
occurrence of an event defining the other cohort (IE a hip

fracture in the RAO cohort), 1 year of observation or the
end of eligibility in the plan was reached. Sub-analyses
were again run for CRAO and BRAOs as distinct groups.

Results
Self-controlled case series (SCCS)

After inclusion and exclusion criteria, 16193 RAO (6577
CRAO, 9616 BRAO) were included in the study (Fig. 1).
Table 1 shows the baseline characteristics and comorbidities
of these patients. On average, the RAO group was 74.6
years old (SD +8.4) (CRAO mean age 75.4 (SD 8.3);
BRAO 74.1 (SD 8.4). They were 71.9% white (CRAO
70.9%, BRAO 72.5%) and 50.6% female (CRAO 51.0%,
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Table 1 SCCS stroke cohort
demographics and medical

All RAO (N=16,193) CRAO (N=6577) BRAO (N="9616)

history. Age
mean (SD)
Race

White

Asian

Black

Hispanic

Unknown
Gender (female)
Cong. heart failure
Myocardial infarction
Arrhythmia
Atrial fib/flutter
Hypertension
Diabetes mellitus
Transient ischaemic attack
Chronic liver disease
Chronic pulmonary disease
Peripheral vascular disease
Any malignancy
Chronic kidney disease

- No

— Any chronic kidney disease

— End-stage renal disease

Stroke (during study periods only)

74.6 (8.4) 754 (8.3) 74.1 (8.4)

11,638 (71.9%) 4662 (70.9%) 6976 (72.5%)

408 (2.5%) 143 (2.2%) 265 (2.8%)
1475 (9.1%) 669 (10.2%) 806 (8.4%)
1228 (7.6%) 512 (7.8%) 716 (7.4%)
1444 (8.9%) 591 (9.0%) 853 (8.9%)

8201 (50.6%)
3780 (23.3%)
2828 (17.5%)
5807 (35.9%)
3110 (19.2%)

14,063 (86.8%)
6525 (40.3%)
2298 (14.2%)

163 (1.0%)
6501 (40.1%)
5837 (36.0%)
3576 (22.1%)

3354 (51.0%)
1698 (25.8%)
1225 (18.6%)
2506 (38.1%)
1365 (20.8%)
5788 (88.0%)
2741 (41.7%)

988 (15.0%)

69 (1.0%)

2674 (40.7%)
2487 (37.8%)
1500 (22.8%)

4847 (50.4%)
2082 (21.7%)
1603 (16.7%)
3301 (34.3%)
1745 (18.1%)
8275 (86.1%)
3784 (39.4%)
1310 (13.6%)
94 (1.0%)
3827 (39.8%)
3350 (34.8%)
2076 (21.6%)

9388 (58.0%)
2093 (12.9%)
4712 (29.1%)
1756 (10.8%)

3603 (54.8%)
933 (14.2%)
2041 (31.0%)
787 (12.0%)

5785 (60.2%)
1160 (12.1%)
2671 (27.8%)

969 (10.1%)

BRAO 50.4%). Medical comorbidities include congestive
heart failure in 23.3% (CRAO 25.8%, BRAO 21.7%),
myocardial infarction in 17.5% (CRAO 18.6%, BRAO
16.7%) any arrhythmia in 35.9% (CRAO 38.1%, BRAO
34.3%), atrial flutter/fibrillation in 19.2% (CRAO 20.8%,
BRAO 18.1%), hypertension in 86.8% (CRAO 88.0%,
BRAO 86.1%), diabetes in 40.3% (CRAO 41.7%, BRAO
39.4%), transient ischaemic attack in 14.2% (CRAO 15.0%,
BRAO 13.6%), chronic liver disease in 1.0% (CRAO 1.0%,
BRAO 1.0%), chronic pulmonary disease in 40.1% (CRAO
40.7%, BRAO 39.8%), peripheral vascular disease in
36.0% (CRAO 37.8%, BRAO 34.8%), any malignancy
history in 22.1% (CRAO 37.8%, BRAO 34.8%), end-stage
renal disease in 29.1% (CRAO 31.0%, BRAO 27.8%).
There were a total of 394 strokes during the periods
assessed before or after the index date for all RAOs (CRAO
187, BRAO 207).

Figure 2 shows the number of strokes for each month
6 months before and after the index date. In the month
following the index date, 64 strokes were recorded, the
second-highest amount behind the month prior to the index
date (72). Figure 3 shows the number of strokes that
occurred in select weeks before and after the index date.
Once again, the week immediately following the index date
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Fig. 2 Number of strokes in each month before and after the index
date.

had the second-highest number of recorded strokes at 29,
only behind the week immediately preceding the index date
(31). Table 2 shows the incidence rate ratios of stroke for
each time point assessed around the RAO index date in both
monthly and weekly increments. For the monthly compar-
isons, the IRR was higher for the month immediately fol-
lowing the index date compared to months 6 through 3 prior
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Fig. 3 Number of strokes in each week before and after the index date.

to the index date (IRR range: 1.68-3.37, p<0.011) and all
months after the index date (IRR range: 2.21-6.40, p<
0.001). The IRR for the week after the index date was
higher than each of the 16 weeks assessed (select weeks
from week 2 through week 22 post-index date) after the
index date (IRR ranges: 2.07-29.00, p <0.025). It was also
higher for 13 of the 16 weeks assessed prior to the index
date (IRR range: 1.93-9.67, p <0.038) for all comparisons.
The weeks prior to index that were not significantly asso-
ciated with a higher IRR for the first week post-index were
weeks —1, —2 and —6 (IRR range: 0.94-1.38, p <0.152).

Sub-analyses performed on CRAO patients showed a
similar pattern to the broader RAO analysis with the post-
index month having a higher IRR compared to all other
months, except the month preceding the index date (sig-
nificant IRRs: 2.00-19.00, p<0.014 for all comparisons;
—1 month IRR: 1.12, 95% CI: 0.70-1.78, p = 0.64). (See
Table 2 for detailed results of CRAO and BRAO monthly
and weekly sub-analyses). The BRAO monthly comparison
also showed elevated risk in months —6, —5, 3, 4 and 5
(IRR range: 2.00-3.71, p<0.041 for all comparisons). Of
the 28 weekly comparisons for the CRAO subset, again the
week after the index date had a significantly higher IRR in
all but 5 weeks. The BRAO analysis showed that the IRR
was higher the week after index compared to 16 of the 24
individual week analyses (Table 2).

Propensity score-matched cohort study

After propensity score matching, 18213 RAO patients were
matched with 18,213 hip fracture patients. The post-
matching baseline characteristics can be seen in Table 3.
Of the 18213 RAO patients, 7190 were categorized as
CRAO and 11,023 as BRAO. After propensity score
matching, no variables were found to have a standard mean
difference between RAO and the hip fracture cohorts of

>0.10 either in the primary analysis or the individual CRAO
and BRAO sub-analyses. In the RAO group, 1807 (9.9%)
new strokes occurred during the follow up period versus
606 (3.3%) in the hip fracture cohort. In the individual RAO
sub-analyses, 902 (12.5%) and 905 (8.2%) strokes occurred
in the CRAO and BRAO cohorts, respectively. After
matching, the RAO cohort was found to have a 2.97 (95%
CI: 2.71-3.26, p<0.001) increased hazard ratio for having
a stroke compared to the hip fracture patients (Table 4).
Individually, CRAOs (HR = 3.24, 95% CI: 2.83-3.70, p<
0.001) and BRAOs (HR =2.76, 95% CI: 2.43-3.13, p<
0.001) also had increased hazards for stroked compared to a
matched cohort of hip fracture patients.

Discussion

Our dual analysis found that RAO is associated with an
increased stroke risk, which was also true when CRAO and
BRAO were analysed individually. Our time-to-event ana-
lysis (the cohort study) found that the hazard of stroke was
considerably higher than a matched cohort of hip fracture
patients. Furthermore, our SCCS analysis found that the
stroke risk after an RAO is highest in the period of time
immediately following the occlusion, whether assessed by
month or even week. Previous literature has demonstrated a
low rate of referral among ophthalmologists after a new
RAO diagnosis [20, 21]. Our results further emphasize the
importance of following the recent AAO guidelines
recommending emergent referral for a stroke evaluation.

One of the surprising findings in our study was the large
number of first strokes that occurred in the periods imme-
diately preceding the date of RAO diagnosis in the SCCS
model. One possible explanation for this is that patients
have a ‘risk period’ in which a patient is at increased risk for
any embolic phenomena, and it is only chance that deter-
mines which occurs first, the stroke or the RAO. Given this
theory, it would be reasonable to argue that a patient who
has a known history of recent stroke can be the exception to
the emergent referral guidelines after an RAO diagnosis if it
is discovered that stroke mitigation has already been
actively addressed. Another possible explanation is a
methodological one. In SCCS studies when an outcome
(stroke) and exposure (RAO) are associated, it is not
uncommon for a high number of outcomes to occur
immediately prior to the exposure which is why this period
is typically not recommend for the preceding period to form
the primary analysis [23].

It is not clear why the referral rate for emergent care after
an RAO is not higher amongst ophthalmologists. One
possible explanation is potential belief that the existing data
does not reflect what ophthalmologists see within a typical
clinical setting. For one, little previous data focused on
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Table 2 (continued)

BRAO

CRAO

All RAO

IRR (95% CI) P CVA (N) 1RR (95% CI) p CVA (N) 1IRR (95% CI) p

CVA (N)

0.014

6.50 (1.47-28.80)
3.25 (1.06-9.97)
3.25 (1.06-9.97)
3.25 (1.06-9.97)

2
4
4
4
3
4
0
3
3

2.29 (0.94-5.56) 0.068

7
2
3
1
3
3
1
2
3

0.002
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

3.22 (1.52-6.81)

9
6
7
5
6
7
1
5
6

6 week
7 week

0.039

0.006

8.00 (1.84-34.80)
5.33 (1.56-18.30)

4.83 (2.01-11.64)
4.14 (1.82-9.46)

0.039

0.008

8 week

0.039

0.007

16.00 (2.12-120.65)
5.33 (1.56-18.30)
5.33 (1.56-18.30)

5.80 (2.25-14.98)

9 week
10 week

0.022

433 (1.24-15.21)
3.25 (1.06-9.97)

0.008

4.83 (2.01-11.64)
4.14 (1.82-9.46)

0.039

0.008

13 week

0.007

16.00 (2.12-120.65)
8.00 (1.84-34.80)
5.33 (1.56-18.30)

29.0 (3.95-212.90)
5.80 (2.25-14.98)

16 week

0.022

433 (1.24-15.21)

0.006

19 week
22 week

0.022

4.33 (1.24-15.21)

0.008

4.83 (2.01-11.64)

Table 3 Post-matching baseline characteristics of patients in the
propensity score-matched cohort study.

Hip Fx (N= RAO (N= SMD
18,213) 18,213)

Age 74.24 (9.31) 74.17 (8.58) 0.009
mean (SD)
Race 0.020

White 13,017 (71.5%) 13,007 (71.4%)

Asian 434 (2.4%) 445 (2.4%)

Black 1627 (8.9%) 1669 (9.2%)

Hispanic 1318 (7.2%) 1364 (7.5%)

Unknown 1817 (10.0%) 1728 (9.5%)
Gender (female) 9191 (50.5%) 9142 (50.2%) 0.005
Atrial fib/flutter 3265 (17.9%) 3253 (17.9%) 0.002
Cong. heart failure 4146 (22.8%) 4018 (22.1%) 0.017
Myocardial infarction 2902 (15.9%) 2853 (15.7%) 0.007
Arrhythmia 6034 (33.1%) 5950 (32.7%) 0.010
Hypertension 15,561 (85.4%) 15,597 (85.6%) 0.006
Diabetes mellitus 7243 (39.8%) 7188 (39.5%) 0.006
Transient 1546 (8.5%) 1578 (8.7%) 0.006
ischaemic attack
Chronic liver disease 203 (1.1%) 195 (1.1%) 0.004
Chronic pulmonary 7293 (40.0%) 7144 (39.2%) 0.017
disease
Peripheral vascular 5945 (32.6%) 5939 (32.6%) 0.001
disease
Any malignancy 4254 (23.4%) 4122 (22.6%) 0.017
Chronic kidney 0.053
disease

None 10,936 (60.0%) 10,964 (60.2%)

CKD 2055 (11.3%) 2326 (12.8%)

ESRD 5222 (28.7%) 4923 (27.0%)
Stroke outcome 606 (3.3%) 1807 (9.9%) 0.267

Table 4 Hazard ratio for stroke in RAO compared to hip fracture after
propensity score matching.

N CVA (N) HR (95% CI) p
ALL RAO Hip fx 18,213 606 Reference
All RAO 18,213 1807 2.97 <0.001
(2.71-3.26)
CRAO Hip fx 7190 282 Reference
CRAO 7190 902 3.24 <0.001
(2.83-3.70)
BRAO Hip fx 11,023 324 Reference
BRAO 11,023 905 2.76 <0.001
(2.43-3.13)

BRAGO:s, leaving unanswered what to do with a significant
portion of the RAOs seen. Our study directly addresses this
issue finding that while BRAOs have less risk for stroke
than CRAOs, the risk is still elevated enough to warrant
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referral. In addition, most other studies have focused on
CRAOs seen in emergency departments or as inpatients
[6-13]. We believe this is an important contrast with our
study, which is derived from a database that includes some
inpatient data, but is predominately outpatient-based, more
accurately reflecting the presentation of RAOs to the oph-
thalmologist’s clinic.

Another argument against immediate RAO referral is that
it is uncommon for intervention to occur as a result of the
emergency referral. However, a study from Lavin et al.
directly refutes this, reporting that of CRAQO patients sent
for prompt systemic work-up, >30% had critical carotid
disease, coincident stroke or hypertensive emergency and
20% had a simultaneous myocardial infarction or critical
heart disease. Over 90% of their cohort received a change in
their medical management and 25% underwent urgent sur-
gical intervention as a result of prompt work-up [10].

While our CRAO results confirm those of previous stu-
dies, the rate of stroke in our population was lower than has
been reported previously CRAO patients [6]. We believe
that this is an effect of using predominately outpatient data
compared to predominantly inpatient data in prior work, and
this distinction is important. Hospitalized patients with
RAO are more likely to have simultaneous neurologic
deficits and also to receive complete neuro-imaging, both of
which make a diagnosis of stroke more likely. The dis-
crepancy in incidence seen in our study is also likely being
further exacerbated by our exclusion of patients who were
diagnosed with simultaneous (same day) CVA and RAO
from our analysis, suggesting that our associations are in
fact an underestimate of this association. Regardless, both
studies agree that the 30-day risk following the RAO is a
heightened risk period for arterio-thrombolic events.

The results of our study need to be understood within the
context of the study design. While we are unable to verify
the diagnosis codes with chart level data, many of the ICD
codes used within this study have been validated previously
[24-27]. RAO codes specifically, however, have not been
validated. Including patients who do not have an RAO in
the RAO cohorts would be a misclassification bias. This
would potentially bias to the null and means that the risk
associations would actually be underestimates of the true
risk. Next, although propensity scores are an excellent way
to balance known confounders between comparison groups,
they do not rule out the possibility that unmeasured con-
founding still existed within the study. Finding confirmatory
results in the SCCS, however, makes this possibility less
likely. In addition, this data was collected from a single
insurer, and may not generalize to other groups of patients
using other insurers or in uninsured populations. Last, we
chose control group for the cohort study from patients who
were discharged from the hospital after having a hip frac-
ture. It is possible that patients who were recently
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hospitalized had better control of comorbid conditions (e.g.
hypertension) after being discharged than non-hospitalized
patients, however it is also possible that this difference
would be ameliorated as RAO patients were worked up for
other CVA risk factors. It also would not explain the
increased risk seen in the SCCS analysis.

Last, it is important to note that due to the vagueness of
ICD coding for strokes, it was not possible for us to
determine if a second ICD code for a stroke in the SCCS
analysis represented a follow up visit for the initial stroke or
the occurrence of a new stroke. This mandated us to con-
sider only the first instance of stroke in this analysis.
However, the impact of this on the SCCS results would
mean that when a person had a stroke in the months prior to
the RAO and had a second (or third) stroke shortly after the
RAO would not have a stroke associated in those time
frames. This suggests that our findings may underestimate
the true association between RAOs and CVA.

The analysis here confirms that both CRAO and BRAO
are a significant risk factor for CVA in the US and that the
risk is highest immediately after RAO. The current guide-
lines for prompt evaluation of patients with RAO [18, 19]
should be followed.

Summary
What was known before

e CRAO is associated with elevated stroke risk.

e Ophthalmologists traditionally seek outpatient rather
than emergent work-up for acute retinal artery
occlusion.

What this study adds

e Outpatients with branch, in addition to CRAOs, have
significantly elevated near-term risk of stroke.

e There is a ‘risk period’ for stroke and retinal artery
occlusion. Either event may occur first.
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