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 Abstract 
  Background:  Intra-arterial thrombolysis (IAT) for the treatment of acute central retinal artery 
occlusion (CRAO) has demonstrated variable results for improving visual acuity and remains 
controversial. Despite limited evidence, time from symptom onset to thrombolysis is believed 
to be an important factor in predicting visual improvement after IAT.  Methods:  A comprehen-
sive review of the literature was conducted and individual subject level data were extracted 
from relevant studies. From these, a secondary analysis was performed. Initial and final loga-
rithm of the minimum angle of resolution (logMAR) scores were either abstracted directly 
from relevant studies or converted from provided Snellen chart scores. Change in logMAR 
scores was used to determine overall treatment efficacy.  Results:  Data on 118 patients un-
dergoing IAT from five studies were evaluated. Median logMAR improvement in visual acuity 
was –0.400 (p < 0.001). There was no significant association between logMAR change and 
time to treatment when time (hours) was described as a continuous variable or described cat-
egorically [0–4, 4–8, 8–12, 12+ h; or 0–6, 6–12, 12+ h].  Conclusion:  The visual improvement 
observed in this series had no relationship to the time from symptom onset to treatment with 
IAT. This suggests that patients may have the possibility for improvement even with delayed 
presentation to the neurointerventionalist. Other factors, such as completeness of retinal oc-
clusion, may be more important than time to treatment. Additional studies to determine op-
timal patient selection criteria for the endovascular treatment of acute CRAO are needed. 
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 Introduction 

 Central retinal artery occlusion (CRAO) is a rare ophthalmologic emergency that may 
ultimately result in complete vision loss of the affected eye. Despite the historic use of nonin-
vasive standard therapies in the treatment of acute nonarteritic CRAO, recent studies have 
demonstrated little advantage to their use compared with the natural disease course  [1–3] . 
Research into the utilization of thrombolytic therapy for the treatment of CRAO has been 
ongoing for over 20 years and has included intravenous and intra-arterial routes of adminis-
tration  [4, 5] . Though the intravenous use is less invasive, the use of intra-arterial throm-
bolysis (IAT) by selective catheterization of the ophthalmic artery ostia with a microcatheter 
has garnered interest due to its ability to minimize systemic complications and theoretically 
increase the time to treatment therapeutic window.

  Retina is neural tissue, thereby allowing CRAO to be pathophysiologically compared to 
acute ischemic stroke (AIS). Unlike in AIS, the benefit in outcomes associated with minimizing 
time from symptom onset to revascularization has not been firmly established for CRAO  [6] . 
Animal models have demonstrated that irreversible retinal ischemia may occur in as little as 
105 min after total occlusion  [7] . While many experts agree that a temporal relationship 
between revascularization and visual outcomes most likely exists, studies have inconsistently 
demonstrated this relationship. Concerns exist regarding the quality of a negative previous 
randomized controlled trial designed to assess the efficacy of IAT where the times to throm-
bolysis were significantly greater than what would be acceptable in the treatment of AIS  [8] . 
In this study, we performed a systematic literature review of IAT treatment for CRAO and 
extracted individual subject level data to analyze the relationship between improvement in 
visual acuity outcomes and time to treatment in the existing literature. Through this method, 
we provide the largest study ever conducted examining the effect of time to thrombolysis on 
visual outcomes after CRAO.

  Methods 

 A comprehensive literature search was conducted in MEDLINE and EMBASE for studies utilizing IAT 
in the treatment of CRAO. MEDLINE and EMBASE were searched from January 1, 1946 to January 1, 2015. 
Key words included ‘retinal artery’, ‘intra-arterial fibrinolysis’, ‘intra-arterial thrombolysis’, and ‘intra-
arterial thrombolytic’. Each title was subsequently reviewed for relevance and only English language 
studies were evaluated. Additionally, the reference section of each study was reviewed to identify addi-
tional relevant studies that may have been missed with the initial search. We avoided duplication of patient 
data by examining authors with multiple published studies evaluating CRAO patients. We selected data 
from their newest study to avoid the possibility that a prior publication may have contained a smaller series 
of an older subset of the same patients. Inclusion criteria consisted of acute-onset nonarteritic CRAO; IAT 
with either urokinase (FDA off-label) or recombinant tissue plasminogen activator (FDA off-label), and 
studies containing individual patient data on initial visual acuity, final visual acuity, and time from symptom 
onset to treatment. From these studies, logarithm of the minimum angle of resolution (logMAR) scores 
were either abstracted directly from provided data or converted from Snellen chart scores that had been 
provided. Lower logMAR scores represent better visual acuity. Values for profoundly low visual acuity 
scores were subsequently converted to a logMAR scale in accordance with the technique described by 
Lange et al.  [9] . Mercier et al.  [10]  included a profoundly low visual acuity choice of ‘see steady hand’ that 
was not quantified by Lange et al. A logMAR score equal to 2.13 was chosen to quantify this option as it 
represented a profoundly low visual acuity ranging between counting fingers (logMAR = 1.98) and hand 
movement (logMAR = 2.28).

  A Wilcoxon signed rank test was performed on initial and final logMAR scores to evaluate for treatment 
efficacy. A nonparametric ANOVA and linear regression analysis were conducted to evaluate the relationship 
between time to thrombolysis and change in visual outcomes. Intervals for distinct ANOVAs included: [0–4, 
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4–8, 8–12, 12+ h] and [0–6, 6–12, 12+ h]. A linear regression analysis was conducted to assess the correla-
tion between time (hours) and change in logMAR. Both natural log and log 10  transformations were utilized 
to assess for existence of correlation. A p value cutoff of 0.05 was used to determine statistical significance 
for all data analyses. All statistical analyses were performed in SAS, version 9.3.

  Results 

 The comprehensive literature search produced five studies satisfying all inclusion 
criteria. The study publication dates ranged from 1992 to 2013 and subject level data were 
obtained for 118 patients ( table 1 )  [10–14] . Another study conducted by Framme et al.  [15]  
was also identified; however, due to a language barrier, it was omitted from this study. While 
other relevant studies were identified, these did not include patient level data and thus were 
not included in our analysis  [16–20] . Of the patients examined, 75.7% (87/118) were male 
with an average age of 63.2 years (SD 14.1). The mean and median time from symptom onset 
to IAT was 12.4 h (SD 10.4) and 9 h (IQR 6.9–12), respectively. Fibrinolytic agents utilized 
included recombinant tissue plasminogen activator in 93 patients and urokinase in 25 
patients.

  Initial visual acuity assessment demonstrated that 73.8% of patients presented with a 
visual acuity logMAR score of 2.0 or worse. After IAT treatment, this improved dramatically 
to 39.8% having a visual acuity of 2.0 or worse. Additionally, only 10.9% of patients had an 
initial visual acuity of <1.0 on presenting assessment; however, this improved to 28.8% after 
IAT ( fig. 1 ). Mean logMAR improvement for all patients studied was –0.61 (SD 0.68). A Shapiro-
Wilk normality test demonstrated that logMAR scores were not normally distributed (p < 
0.0001). A Wilcoxon signed rank test was subsequently conducted demonstrating a signif-
icant median improvement in visual acuity of –0.400 (IQR 0–1.06) logMAR (p < 0.001).

 Table 1. Studies fulfilling all inclusion criteria

First author 
[Ref.], year

Study type Total
patients

Average time 
from symptom 
onset to
treatment, h

Agent Timing of post IAT
BCVA examination

Coexisting arterial 
occlusions

Mercier [10], 
2014

Retrospective
case series

14 8.0
[4.5–17.0]

tPA
Mean: 35 mg, SD 13 

6–12 months None specified

Pettersen [11], 
2005

Retrospective
case series

6 9.7
[6.0–18.0]

tPA
Range: 10–30 mg

2 days to 2.5 years None specified

Butz [12], 
2003

Retrospective
case series

22 7.6
[4.0–11.0]

Urokinase
Mean: 642,000, SD 300K
OR
tPA
Mean: 27 mg, SD 8 

Not specified Severe ICA stenosis (1)
ICA occlusion (1)

Richard [13], 
1999

Retrospective
case series

53 14.0
[3.0–50.0]

tPA
Maximum: 40 mg

3 months None specified

Schumacher 
[14], 1993

Retrospective
case series

23 15.4
[3.833–60.0]

Urokinas e
Maximum: 1.2 million units
OR
tPA
Maximum: 70 mg

Immediately to
6 months

ICA occlusion (4)
ICA stenosis (4)
MCA occlusion (1)

 BCVA = Best corrected visual acuity; tPA = tissue plasminogen activator; K = thousand; ICA = internal carotid artery.
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  A scatter plot of individual patients’ improvement in logMAR versus log 10  hours from 
symptom onset to treatment is provided in  figure 2 . Linear regression analysis results demon-
strated no significant correlation between time to thrombolysis and improvement in logMAR 
using either natural log or log 10  transformations for hours (p = 0.99, R 2  = 0 for each). For the 
purpose of exploratory analysis, two ordinal intervals were examined including [0–4, 4–8, 
8–12, 12+] ( table 2 ) and [0–6, 6–12, 12+] ( table 3 ) hour intervals. Mean change in logMAR 
was found to be largest in the 12+-hour time interval, with an improvement of –0.700 logMAR. 
The smallest mean improvement in logMAR occurred in the 8- to 12-hour time interval 
(–0.484) ( fig. 3 ). Nonparametric ANOVA demonstrated no temporal relationship with change 
in logMAR for the [0–4, 4–8, 8–12, 12+] or [0–6, 6–12, 12+] hour intervals examined (p = 
0.546, F = 0.71 and p = 0.721, F = 0.33, respectively).

  Complications were observed in 11 of the cases examined (9.3%). Seven thromboem-
bolic complications were noted including 2 occurring during catheter manipulation, 3 tran-
sient ischemic events, 1 minor stroke, and 1 major stroke. Of these ischemic events, 6 resolved 
in the same session with use of IAT. Other complications included 1 intracranial hemorrhage, 
1 femoral artery access hematoma, and 1 hypertensive crisis. In 1 case, the patient experi-
enced pain on urokinase injection, which quickly resolved. Long-term morbidity occurred in 
1 case resulting from a major stroke.
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  Fig. 1.  Shift diagram demonstrating initial and final logMAR score distributional improvement in visual acu-
ity (VA). 

  Fig. 2.  Scatter plot and fit for re-
gression of change in logMAR 
with hours to treatment (log 10  
scale). Data points represent indi-
vidual patient improvement in 
logMAR (n = 118). Improvement 
in logMAR score represents im-
provement in visual acuity. 
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 Table 2. ANOVA of change in logMAR and 4-hour time intervals

Change in logMAR  4-Hour intervals

total
(n = 118 )

0–4
(n = 7)

4–8
(n = 45)

8–12
(n = 38)

>12
(n = 28)

Mean (95% CI) –0.610
(–0.732, –0.489)

–0.572
(–1.077, –0.068)

–0.667
(–0.855, –0.479)

–0.484
(–0.686, –0.283)

–0.700
(–0.988, –0.412)

Median (min, max) –0.400
(–2.478, 0.680)

–0.602
(–1.475 , 0.301)

–0.700
(–2.280 , 0.400)

–0.359
(–2.280 , 0.680)

–0.538
(–2.478 , 0.301)

Change in logMAR equals follow-up minus initial. Larger absolute value negative numbers equal greater visual improvement; 
larger absolute value positive numbers equal greater visual worsening. p = 0.546.

 Table 3. ANOVA of change in logMAR and 6-hour time intervals

Change in logMAR 6-Hour intervals
total
(n = 118)

0–6
(n = 26)

6–12
(n = 64)

>12
(n = 28)

Mean (95%CI) –0.610
(–0.732, –0.489)

–0.577
(–0.809, –0.346)

–0.605
(–0.767, –0.443)

–0.700
(–0.988, –0.412)

Median (min , max) –0.400
(–2.478 , 0.680)

–0.651
(–1.600 , 0.400)

–0.320
(–2.280 , 0.680)

–0.538
(–2.478 , 0.301)

Change in logMAR equals follow-up minus initial. Larger absolute value negative numbers equal greater visual improvement; 
larger absolute value positive numbers equal greater visual worsening. p = 0.721.

  Fig. 3.  Standard box plots of logMAR distributions among 4-hour ( a ) and 6-hour ( b ) time intervals demon-
strating no significant difference in logMAR distribution between groups. 
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  Discussion 

 The prognosis of CRAO is considered dismal, with some studies reporting as few as 8% 
experiencing a recovery in visual acuity with the use of noninvasive (conservative) standard 
therapy  [16] . While research into the use of IAT for the treatment of CRAO has been ongoing 
for over 20 years, results continue to be highly variable and there is no consensus on its 
efficacy. Though many controlled cohort studies have demonstrated a significant improvement 
in visual acuity after IAT, these publications likely suffer from patient selection bias. Likewise, 
the overall literature likely suffers from publication bias in favor of IAT therapy as negative 
studies tend not to be submitted and/or selected for publication. A single recent randomized 
clinical trial by Schumacher et al.  [19]  (EAGLE study)   demonstrated no significant improvement 
in visual outcomes after IAT compared with those treated with conservative therapy  [16–19] . 
Due to this variability in the existing literature, determination of the optimal patient selection 
criteria for IAT that may allow for the demonstration of efficacy in randomized controlled 
trials is an active area of investigation. Influences including time from symptom onset to fibri-
nolysis and degree of arterial occlusion and dosing regimen are being explored as potential 
major factors that may correlate with final visual outcomes after IAT. Time to thrombolysis 
has inconsistently been demonstrated to have an influence on visual outcomes in existing 
studies; however, expert opinion appears to strongly favor it playing a prominent role in final 
visual acuity after IAT due to the similarities between CRAO and AIS  [8, 12, 18] .

  In our study, a pooled population of 118 patients representing five separate studies 
demonstrated a significant improvement in visual acuity after treatment with IAT. Due to the 
typical selection and publication bias mentioned above, the overall improvement with IAT 
seen in this study represents a weak level of evidence supporting IAT, and it is not the focus 
of this study. The key finding of this study is that in this subset of patients who happen to have 
an overall significant visual improvement after IAT, there was no correlation between that 
visual improvement and time to IAT treatment ( fig. 2 ). In fact, this study demonstrates that 
patients can make significant visual improvement even when IAT is performed more than
12 h after symptom onset.

  The results of this study seem to directly contradict the current belief that improvement 
in visual acuity directly correlates with shorter time to thrombolytic therapy  [17–18, 20] . In 
a recent study by Schmidt et al.  [20] , 62 patients were evaluated after treatment with IAT and 
found that patients treated in less than 6 h were more likely to experience a distinct 
improvement in visual acuity compared with those treated after 6 h (30.77 vs. 11.13%, 
respectively). Additionally, other previously published studies have demonstrated a corre-
lation between time to thrombolysis and visual outcomes among patients treated within 6 h 
 [17–18, 20] . Studies conducted by Weber et al.  [18]  and Arnold et al.  [17]  treated patients in 
4.2 and 3.68 h on average, respectively. Both studies demonstrated very positive results. 
Results from Weber et al.  [18]  showed that 65% of patients treated with IAT had at least some 
improvement in visual acuity compared with only 33% in the control group. In our study, 26 
patients were treated in less than 6 h. Of these 22 patients, a mean visual change of –0.577 
logMAR was observed compared with a –0.605 and –0.700 logMAR change in the 6- to 12-hour 
and 12+-hour intervals, respectively. This difference was not found to be significant (p = 
0.72).

  In our study, the largest improvement in visual acuity occurred in patients treated 12 h 
after symptom onset; however, this finding was not statistically significant. Due to the small 
sample size in the 0- to 4-hour group, it is impossible to conclude from our study, if patients 
treated in this time window would have had better visual outcomes compared to other 
treatment times. It is possible that if a significant amount of data were to be collected on 
patients treated very early (much less than 4 h), it may be possible to see a time effect on 
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visual outcomes. Interestingly, Arnold et al.  [17]  reported that best visual outcomes occurred 
in patients treated in less than 4 h. Unfortunately, hyper-early time to IAT treatment is difficult 
to implement and numerous logistical issues exist which are being experienced with current 
neuroendovascular treatment of large-vessel occlusion AIS.

  Nevertheless, our study convincingly demonstrates that while no correlation between 
time to fibrinolysis and improvement in vision existed at any time point as demonstrated by 
linear regression (p = 0.99, R 2  = 0 for each), visual improvement after IAT was certainly 
possible within the longer time to treatment windows despite the overall poor prognosis 
reported for CRAO. It is likely that after some hyper-early time threshold from symptom 
onset, other factors wield a much greater influence than time on whether an individual patient 
will improve after IAT therapy. Exploring what these potential influential factors may be 
should be the focus of future research.

  CRAO may manifest as incomplete, subtotal, or total occlusion, and may be differentiated 
by angiography or fundoscopic findings. Degree of CRAO has been proposed as an important 
factor in the efficacy of IAT to improve visual outcomes. One study by Ahn et al.  [16]  demon-
strated that patients with incomplete occlusion, compared with total, experienced a signifi-
cantly higher rate of clinically significant visual improvement, i.e. 76.9 versus 0%, respec-
tively. These results echoed a 2002 study by Schmidt et al.  [20]  which showed that 50% of 
patients who underwent IAT for incomplete occlusion had a distinct improvement in visual 
acuity compared to 0% of patients with a total occlusion. Unfortunately, the individual patient 
data available in our study did not include assessments for the level of occlusion due to limited 
availability within included studies. Future studies should further examine this correlation 
and its inclusion in result analysis should always be considered. It is possible with the utili-
zation of fundoscopy, or superselective angiography, that the identification and selective 
treatment of patients with incomplete or subtotal retinal artery occlusion could lead to the 
demonstration of the overall efficacy of IAT in future randomized controlled trials irrespective 
of time to treatment. Establishing the importance of factors such as this could help increase 
the potential treatment effect of IAT and decrease the sample size necessary for properly 
powered clinical trials while limiting cases where treatment with IAT is most certainly futile.

  The only randomized controlled trial conducted to date concluded that IAT is ineffective 
in the treatment of CRAO  [19] ; however, several experts have expressed concerns regarding 
its validity. Concerns regarding this study have included a severely delayed time to throm-
bolysis, nonoptimal inclusion/exclusion criteria, and improper methods of blinding  [8, 19, 
21] . Specifically, important inclusion criteria such as baseline brain imaging and a thorough 
neurological exam at presentation were not utilized and may have directly influenced study 
results  [21] . In order to prevent these concerns in future studies, further research must be 
conducted into the most influential factors on outcome after IAT. Our study suggests a less 
important role for time to thrombolysis in the treatment of CRAO. Additional study into time 
to treatment may be necessary prior to forcing arbitrary time-to-treatment requirements on 
the inclusion and exclusion criteria for future randomized controlled trials in the treatment 
of CRAO.

  In addition to questions regarding time to treatment, the vast majority of studies evalu-
ating the use of IAT for CRAO do not provide any method for confirming that recanalization 
has occurred. Visualization of the central retinal artery during catheter angiography is 
difficult; therefore, further study into techniques to confirm reperfusion would be beneficial 
to better define treatment efficacy and minimize the use of thrombolytic agents. Some studies 
have suggested halting infusion of thrombolytic agents when a rapid improvement of visual 
acuity occurs or when flow through the retinal and choroidal vessels significantly increase 
 [14] . Fluorescein angiography, as the accepted gold standard for evaluating the retinal circu-
lation, has been utilized in a number of studies as a method of confirming retinal reperfusion 
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 [16] . Regardless of the method utilized, we recommend future studies to utilize some kind of 
method of evaluating if recanalization has occurred.

  Though our study performed a secondary analysis of actual individual patient data and 
represents the largest series to evaluate time to IAT treatment for CRAO, limitations to this 
study exist. As previously mentioned, selection bias and publication bias should always be 
considered when a large number of uncontrolled outcome studies are utilized for data 
extraction. However, these biases have minimal influence over the time to treatment data 
presented here compared to the overall question of whether IAT therapy is efficacious in all 
CRAO patients. Additionally, the low sample size of patients treated in less than 4 h is a 
weakness of this study making it difficult to determine if outcomes are more positive in 
patients treated in less than 4 h of symptom onset. This weakness is muted somewhat by the 
understanding that real-world logistical issues make treatment less than 4 h after symptom 
onset difficult and likely impossible for most CRAO patients. Additionally, the exact technique 
of IAT utilized varied within studies and between studies making direct comparisons difficult. 
While no obvious correlation between visual outcomes and any specific technique was 
apparent, we also recommend a formal investigation into the efficacy of the various tech-
niques to better direct future research.

  Conclusion 

 Acute CRAO is a rare, orphaned disease that has a dismal prognosis with standard nonin-
vasive therapy, and potential advances in treatment have not proven to be efficacious. The 
impressive visual improvement observed in this series had no relationship to the time from 
symptom onset to treatment with IAT. This suggests that patients may have the possibility 
for improvement even with delayed presentation to the neuroendovascular specialist. Other 
factors, such as completeness of retinal occlusion, may be more important than time to 
treatment. Additional study to determine optimal patient selection criteria for the endovas-
cular treatment of acute CRAO is needed. Focused attention on very early times to treatment 
(less than 4 h) may be warranted but difficult. In the future, if neuroendovascular treatment 
of properly selected CRAO patients is found to be efficacious, neuroendovascular specialists 
should be well positioned to offer this treatment given the recent focus on improving systems 
of care for the endovascular treatment of large-vessel occlusion AIS.
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