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Abstract 

Background: Central retinal artery occlusion (CRAO) is a neuro-ophthalmological emergency whose optimal man-
agement is still under debate and due to the absence of definite guidelines, practice is expected to vary. We aimed to 
characterize early evaluation as well as acute treatment and diagnostic approaches in German hospitals with a stroke 
unit (SU).

Methods: In 07/2021, all 335 certified German SUs were invited to participate in an anonymous online survey 
endorsed by the German Stroke Society on emergency department care organization, diagnostic procedures, and 
treatment of patients with unilateral vision loss (UVL) subsequently diagnosed with CRAO.

Results: One hundred and sixty-three (48.6%) of the 335 eligible centers responded. Most (117/135; 86.7%) stated 
that UVL patients were treated as an emergency, in 62/138 (44.9%) hospitals according to specific guidelines. First-line 
evaluation was performed by neurologists in 85/136 (62.5%) hospitals, by ophthalmologists in 43/136 (31.6%) hospi-
tals. Seventy of 135 (51.9%) respondents indicated a lack of on-site ophthalmological expertise. Seventy-four of 129 
(57.4%) respondents performed thrombolysis in CRAO and 92/97 (94.8%) stated that patients with CRAO–if admitted 
to neurology–were treated on a SU.

Conclusions: Our findings reflect notable heterogeneity in early intrahospital care of CRAO in German SUs but 
demonstrate a preference for work-up and management as acute stroke by the involved neurologists. Streamlining 
interdisciplinary emergency evaluation is essential for ongoing and future prospective trials.
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Introduction
Central retinal artery occlusion (CRAO) as one of the 
causes underlying painless acute monocular loss of vision 
constitutes a neuro-ophthalmological emergency. It 
yearly affects about 1 in 100.000 people with a slight male 
preponderance [1, 2] and is etiologically heterogeneous 
with a variety of associated local and systemic disorders. 
CRAO leads to substantial permanent impairment of 
eyesight or even blindness in the vast majority of patients 
due to the low threshold for irreversible retinal damage 
under conditions of ischemia [3, 4]. The pathomechanism 
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most frequently implicated in CRAO is thromboembolic 
occlusion of the central retinal artery from e. g. large 
vessel disease of the carotid artery or of cardiac origin. 
Hence, CRAO shares a common etiological denominator 
with cerebral ischemic stroke and has accordingly been 
recognized as a manifestation thereof by international 
neurological and ophthalmological societies [5], 2016; 
[6]. This notion is supported by a large body of data per-
taining to imaging findings, clinical course and outcome: 
In a large portion of patients with CRAO, clinically silent 
infarcts are discernable on MRI [7, 8] and risk of incident 
stroke is almost 30-fold increased in the week following 
CRAO [9]. In addition, CRAO is an important indicator 
for vascular morbidity and mortality, in part mediated by 
the burden of vascular risk factors which also impact on 
the risk for cerebral ischemic stroke [10]. These aspects 
underscore the relevance of, first, the swift and correct 
identification of CRAO patients and, second, adequate 
work-up and management regarding the prophylaxis 
and treatment of risk factors and complications. Apart 
from this, there exists neither high-class evidence for, 
nor consensus on, any of the numerous treatments aimed 
at restoring visual acuity after CRAO. Rapid reperfu-
sion of the retina represents a logical approach to treat-
ment, and the existing data indicate that thrombolysis 
may be beneficial if initiated within 4.5 h after symptom 
onset [11]. However, we are still awaiting data from ran-
domized controlled trials currently underway or soon 
to be recruiting [12, 13]. In light of the absence of defi-
nite treatment guidelines for CRAO, current practice is 
expected to be based on local experience and infrastruc-
ture and accordingly to vary to some extent among dif-
ferent hospitals. We aimed to assess the management 
practices of diagnosis and treatment of CRAO patients in 
German hospitals with a stroke unit (SU) with focus on 
emergency evaluation conducted by neurologists as well 
as acute diagnostic and therapeutic measures.

Methods
In July 2021, all 335 certified SUs in Germany received 
an email invite by the German Stroke Society to par-
ticipate in a standardized anonymous online survey. The 
questionnaire was drafted and reviewed by KS, CH, VP, 
SW and EM. The survey assessed aspects relating to the 
organization of emergency department care (four ques-
tions), emergent diagnostic (two questions) and thera-
peutic procedures (six questions) as well as work-up 
performed in patients presenting with unilateral vision 
loss (UVL) and subsequently diagnosed with CRAO (four 
questions). In addition, the estimated numbers of CRAO 
patients seen and treated (six questions) and information 
regarding the structure and staffing of the emergency 
department (six questions) were solicited, one question 

assessed the willingness to participate in a clinical trial 
evaluating safety and efficacy of intravenous throm-
bolysis in acute CRAO. The option to comment in free-
form text was provided at the end of the questionnaire. 
The questionnaire is provided as Additional file 1. As no 
patient data were requested, Institutional Review Board 
approval was waived.

Results
Of the 335 certified German Stroke Units, 163 (48.6%) 
participated in the online survey. The questionnaire was 
fully completed by 118 (72.4%) of all respondents, respec-
tive hospital information is summarized in Table 1. The 
majority of responding institutions were non-academic 
hospitals (64%), had interdisciplinary emergency depart-
ments (58%), were certified as regional SUs (39%), and 
had a total of five to nine SU beds (40%).

Most respondents (117/135; 86.7%) stated that 
patients with UVL are treated as an emergency in their 
hospital, however, a specific hospital guideline exists 
in only 62/138 (44.9%) centers. First-line evaluation is 
performed by neurologists in 85/136 (62.5%) hospitals 
and by ophthalmologists in 43/136 (31.6%) hospitals. 

Table 1 Responder characteristics

Total number of responders = 163. All categories add up to 100%

*Neurological expertise provided within a telemedicine network

Variable Percentage of 
responders (%)

Type of hospital

Academic hospital 11.0

Non-academic hospital 64.4

No answer provided 24.6

Organisation of ED

Interdisciplinary 57.7

Internal medicine 6.7

Specialty-based 8.6

Other 2.5

No answer provided 24.5

Type of stroke unit

Regional 39.3

Cross-regional 35.6

Telemedicine* 0.6

No answer provided 24.5

Number of stroke unit beds

1–4 3.7

5–9 40.5

10–14 22.7

15–19 5.5

20–24 1.8

 > 24 1.2

No answer provided 24.6
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Seventy respondents (51.9%) indicated a lack of on-
site ophthalmological expertise. Fundoscopy is the 
most commonly reported diagnostic tool performed 
by the ophthalmologist in 59/135 (43.7%) hospitals, 
while a non-contrast CT is the most commonly ini-
tiated examination by the neurologist according to 
119/138 (86.2%) responses. The replies suggest that 
neurologists request an ophthalmological consultation 
more often (81/135; 60.0%) than vice versa (51/135; 
37.8%). In patients with CRAO, ocular massage is the 
most frequently performed ophthalmological treat-
ment (29/129; 15.5%), while intravenous thrombolysis 
is regularly performed in suitable patients in 74/129 
(57.4%) hospitals (Fig.  1). Intra-arterial thrombolysis 
is performed only in a minority of hospitals (4.7%). 
Ninety-two of 97 (94.8%) respondents stated that—if 
admitted to neurology—patients with CRAO are rou-
tinely or exclusively treated on the SU. If admitted to 
a SU, the vast majority of patients receive diagnos-
tic evaluation in the manner of a dedicated stroke 
work-up, including extracranial ultrasound (121/128; 
94.5%), transcranial ultrasound (119/128; 93.0%), ECG 
monitoring (113/128; 88.3%), as well as transthoracic 
(102/128; 79.7%) and transesophageal echocardiog-
raphy (68/128; 53.1%). Similarly, medical secondary 
prevention in CRAO patients is initiated as indicated 
by stroke guidelines. For a summary of all replies, 
see Table 2. In a field for comments at the end of the 
survey, 15 respondents specified the problem that 
ophthalmological expertise was not available or not 
available in a timely manner at their institution. Of 91 

institutions responding, 70 estimated the number of 
CRAO patients treated in neurology to be between 0 
and 20 within the last two years.

Fig. 1 Differences in time-window for treatment and tPA dosage for 
intravenous thrombolysis in in patients with central retinal arterial 
occlusion as applied by the responders. tPA: tissue plasminogen 
activator

Table 2 Details of diagnostic procedures and treatment of 
patients presenting with unilateral vision loss subsequently 
diagnosed with central retinal artery occlusion

UVL Unilateral vision loss, ED emergency department, ECG electrocardiogram

Variable Rate of positive 
responders, N 
(%)

Emergency management

Patients with UVL assessed in ED 117/135 (86.7)

Specific hospital guideline available 62/138 (44.9)

First-line evaluation by ophthalmologists 43/136 (31.6)

First-line evaluation by neurologists 85/136 (62.5)

Lack of ophthalmological expertise / department 70/135 (51.9)

Ophthalmological emergency assessment

Fundoscopy 59/135 (43.7)

Spectral-domain optical coherence tomography 11/135 (8.1)

Neurology consultation 51/135 (37.8)

Neurological emergency assessment

Ophthalmology consultation 81/135 (60.0)

Computed tomography 119/138 (86.2)

Computed tomography angiography 109/135 (80.7)

Magnetic resonance imaging 26/135 (19.3)

Magnetic resonance angiography 26/135 (19.3)

Carotid ultrasound 100/135 (74.1)

Erythrocyte sedimentation rate 101/135 (74.8)

Ophthalmological treatment

Ocular massage 20/129 (15.5)

Hyperbaric oxygen treatment 0/129 (0.0)

Paracentesis 3/129 (2.3)

Acetazolamid 6/129 (4.7)

Isovolemic hemodilution 13/129 (10.1)

Neurological treatment

Intravenous thrombolysis 74/129 (57.4)

Intraarterial thrombolysis 6/129 (4.7)

In-patient treatment neurology 97/128 (75.8)

Admission to a stroke unit 92/97 (94.8)

Stroke work-up

Extracranial ultrasound 121/128 (94.5)

Transcranial ultrasound 119/128 (93.0)

ECG monitoring 113/128 (88.3)

Transthoracic echocardiography 102/128 (79.7)

Transoesophageal echocardiography 68/128 (53.1)

Secondary prevention

Antiplatelet therapy 121/128 (94.5)

Anticoagulation 116/128 (90.6)

Statin therapy 114/128 (89.1)
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Discussion
Our survey focused on current diagnostic and therapeu-
tic practices regarding CRAO in German hospitals with 
SUs. We found a considerable degree of variability in the 
management of CRAO patients. This is not surprising 
because an accepted treatment standard backed by high-
quality evidence is still lacking, and the existence and 
application of in-house guidelines is not consistently in 
place. Patients presenting with UVL are allocated to the 
emergency department in most cases—hence, the urgent 
character of this symptom, warranting timely assess-
ment, is immediately recognized upon hospital arrival. 
This, however, stands in pronounced contrast to the 
apparent lack of public awareness of vision impairment 
as a potential stroke symptom requiring urgent attention 
[14, 15] and knowledge of CRAO [16]. As a consequence, 
CRAO patients frequently present with considerable 
latency from symptom onset after an initial prehos-
pital ophthalmology consultation [17, 18]. Moreover, 
diagnosis of CRAO is challenging for many emergency 
physicians [19], and fundoscopy, a skill requiring exten-
sive training and constant maintenance to be correctly 
performed and interpreted, is infrequently employed 
by non-ophthalmologists, including neurologists [20]. 
Hence, early expert in-hospital ophthalmological exami-
nation is an essential component of a comprehensive 
assessment of patients with UVL. Nonmydriatic ocular 
fundus photography has been demonstrated to be fea-
sible as an auxiliary tool in the emergency department 
including the diagnosis of retinal ischemia [21, 22], with 
further technological advances likely to improve usabil-
ity in various contexts [23]. Alternatively, innovations in 
the field of teleophthalmology [24] may allow for fun-
dus image acquisition in the ambulance, thus enabling 
expert ophthalmology input at a very early stage of the 
patient journey. More than half of the respondents in 
our survey indicated that they did not have on-site oph-
thalmological expertise. Thus, the correct disposition of 
patients with acute UVL to hospitals providing ophthal-
mological assessment and neurological stroke-unit care 
is of paramount importance. Moreover, increasing broad 
public and healthcare provider awareness regarding 
acute painless UVL as a manifestation of stroke should 
be established in order to optimize currently prevailing 
presenting and referral patterns [25]. The modification 
of mnemonics and screening tools to draw attention to 
and include visual impairment as a stroke symptom has 
shown some effect in reducing the number of missed 
strokes including patients presenting with visual distur-
bance [26].

The natural history of visual outcome in CRAO is 
highly variable and depends on the subtype of disease: 
in non-arteritic CRAO improvement has been reported 

to occur in 22 to 67%; the more benign courses reported 
in those cases with cilioretinal artery sparing [4]. Vari-
ous types of treatment rationale for improving energy 
supply to retinal tissue, e. g. displacement of the embo-
lus, raising retinal perfusion pressure, vasodilatation or 
increasing blood oxygen content, have been employed 
in CRAO patients apart from recanalization treatments 
with intraarterial or intravenous thrombolysis [27]. 
While none of these approaches has yet been convinc-
ingly demonstrated to improve or restore visual acuity, 
the earlier treatment is initiated, the higher are the odds 
for a favorable outcome [11]. Homing in on intravenous 
thrombolysis, existing evidence is equivocal concerning 
study designs including dosing of tPA, maximally toler-
ated latency between symptom onset and drug applica-
tion and study endpoints [11, 28–31]. This impedes a 
straightforward transfer of existing evidence into guide-
lines for clinical practice.

In sum, there is a heterogeneity related to early intra-
hospital management of CRAO including acute diag-
nostic and therapeutic procedures. While, for example, 
the guideline of the German Ophthalmological Society 
("045/013–S2e-Leitlinie:Retinale arterielle Verschlüsse 
(RAV)," 2016) stresses the importance of urgent neuro-
logical assessment to evaluate vascular risk factors, true 
interdisciplinary assessment protocols appreciating the 
specific demands for acute management, e. g. concern-
ing the choice of brain imaging modality or the extent of 
required laboratory diagnostics, are still lacking.

Strategies are much more uniform when it comes to 
patient work-up, which is performed by neurologists in 
more than 75% of hospitals, almost exclusively on SUs. It 
must be borne in mind, however, that our survey was per-
formed among stroke neurologists, which may bias these 
results to some extent. Nevertheless, neurological work-
up of CRAO patients is essential for several reasons: MRI 
reveals acute cerebral ischemia in about 30% of CRAO 
patients, and a relevant proportion of these patients do 
not suffer further neurological symptoms [32]. Without 
dedicated imaging of brain parenchyma, ideally by MRI, 
these patients would be missed, and their increased risk 
for subsequent stroke [33] would remain un- or underap-
preciated. In light of the 28-fold increased risk for stroke 
in the seven days following CRAO [9], close clinical mon-
itoring of patients and the opportunity for timely diag-
nosis and treatment, should an acute neurological deficit 
occur, are highly relevant. In a similar vein, the identifi-
cation of cardiovascular risk factors and the optimization 
of their treatment are essential components of secondary 
stroke prevention, which can ideally be accomplished on 
a SU.

Considering all this, it is somewhat illogical that the 
work-up of CRAO patients on SUs in Germany is not 
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reimbursed in the same manner as cerebral ischemic 
stroke. Adding to this inconsistency, amaurosis fugax, i. 
e. transient loss of vision assumed to be caused by tem-
porary vascular occlusion of a retinal vessel and not 
associated with permanent deficits, is reimbursed anal-
ogously to a transient ischemic attack. As a limitation 
however, we acknowledge that a questionnaire directed 
at stroke unit neurologists introduces a certain degree 
of selection bias, and that addressing ophthalmologists 
and emergency physicians, who may see CRAO patients 
at an earlier point in time would have provided addi-
tional information. In addition, this study bears limita-
tions inherent to online surveys such as the relatively 
low response rate (despite several follow-up reminders 
by e-mail) and the fact that respondents with biases may 
select themselves into the sample [34, 35].

Conclusion
Our findings highlight the challenges related to the 
swift and comprehensive management of patients with 
CRAO, which pertain to symptom recognition and 

patient allocation as well as diagnostic evaluation and 
treatment (Fig. 2). Hence, while waiting for the results 
of prospective trials on thrombolysis in CRAO, increas-
ing awareness for UVL as a stroke symptom, stream-
lining patient disposition to appropriate hospitals 
and establishing suitable assessment protocols are the 
major future targets for research as well as public and 
clinical work.

Abbreviations
CRAO: Central retinal artery occlusion; SU: Stroke unit; UVL: Unilateral vision 
loss.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s42466- 022- 00193-w.

Additional file 1. Original version of the online questionnaire employed 
in the study.

Acknowledgements
Not applicable.

Fig. 2 Ichikawa cause-and-effect diagram of the challenges of diagnosis and treatment in patients with central retinal arterial occlusion and 
suggested approaches to solution

https://doi.org/10.1186/s42466-022-00193-w
https://doi.org/10.1186/s42466-022-00193-w


Page 6 of 7Hoyer et al. Neurological Research and Practice            (2022) 4:30 

Author contributions
CH conceptualized the study, participated in data analysis, wrote the first 
draft of the manuscript. KS conceptualized the study, was responsible for data 
visualization and revised the manuscript. SW was responsible for data collec-
tion and curation. EM was involved in protocol development. IH was involved 
in data curation. VS analyzed the data. DN was involved in conceptualization 
and revising the manuscript. MP revised the manuscript. VP conceptualized 
the study and revised the manuscript. All authors have given their approval 
to the final draft of the manuscript. All authors read and approved the final 
manuscript.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial or not-for-profit sector.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
No patient data was collected, so approval by the local ethics committee was 
waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Neurology and Mannheim Center for Translational Neurosci-
ence, Medical Faculty Mannheim, Heidelberg University, Theodor-Kutzer-Ufer 
1-3, 68167 Mannheim, Germany. 2 Department of Neurology, Carl Gustav Carus 
University Hospital, Technische Universität Dresden, Dresden, Germany. 3 Dres-
den Neurovascular Center, Carl Gustav Carus University Hospital, Technische 
Universität Dresden, Dresden, Germany. 4 Department of Ophthalmology, Carl 
Gustav Carus University Hospital, Technische Universität Dresden, Dresden, 
Germany. 5 Department of Neurology, Vivantes Klinikum Neukölln, Berlin, 
Germany. 

Received: 3 February 2022   Accepted: 12 May 2022

References
 1. Kido, A., Tamura, H., Ikeda, H. O., Miyake, M., Hiragi, S., & Tsujikawa, A. 

(2020). Nationwide incidence of central retinal artery occlusion in 
Japan: An exploratory descriptive study using the national database of 
health insurance claims (2011–2015). British Medical Journal Open, 10(9), 
e041104.

 2. Leavitt, J. A., Larson, T. A., Hodge, D. O., & Gullerud, R. E. (2011). The inci-
dence of central retinal artery occlusion in Olmsted County, Minnesota. 
American Journal of Ophthalmology, 152(5), 820-823.e2. https:// doi. org/ 10. 
1016/j. ajo. 2011. 05. 005

 3. Hayreh, S. S., Kolder, H. E., & Weingeist, T. A. (1980). Central retinal artery 
occlusion and retinal tolerance time. Ophthalmology, 87(1), 75–78.

 4. Hayreh, S. S., & Zimmerman, M. B. (2005). Central retinal artery occlusion: 
Visual outcome. American Journal of Ophthalmology, 140(3), 376–391.

 5. German Ophthalmological Society (2016). S2e-Leitlinie. Retinale arterielle 
Verschlüsse (RAV). Register number 045 - 013. https:// www. awmf. org/ leitl 
inien/ detail/ ll/ 045- 013. html.

 6. Mac Grory, B., Schrag, M., Biousse, V., Furie, K. L., Gerhard-Herman, M., 
Lavin, P. J., et al. (2021). Management of central retinal artery occlusion: 
A scientific statement from the american heart association. Stroke, 52(6), 
e282–e294.

 7. Ayrignac, X., Zagroun, C., Coget, A., Azakri, S., Menjot de Champfleur, 
N., Montcriol, A. L., et al. (2020). Acute retinal arterial ischaemia: silent 

brain infarcts prevalence and short‐term recurrence. European Journal of 
Neurology, 27(12), 2517–2522. https:// doi. org/ 10. 1111/ ene. 14485

 8. Lavin, P., Patrylo, M., Hollar, M., Espaillat, K. B., Kirshner, H., & Schrag, M. 
(2018). Stroke risk and risk factors in patients with central retinal artery 
occlusion. American Journal of Ophthalmology, 196, 96–100.

 9. French, D. D., Margo, C. E., & Greenberg, P. B. (2018). Ischemic stroke risk in 
medicare beneficiaries with central retinal artery occlusion: A retrospec-
tive cohort study. Ophthalmology and Therapy, 7(1), 125–131.

 10. Mir, T. A., Arham, A. Z., Fang, W., Alqahtani, F., Alkhouli, M., Gallo, J., et al. 
(2019). Acute vascular ischemic events in patients with central retinal 
artery occlusion in the united states: A nationwide study 2003–2014. 
American Journal of Ophthalmology, 200, 179–186.

 11. Mac Grory, B., Nackenoff, A., Poli, S., Spitzer, M. S., Nedelmann, M., Guillon, 
B., et al. (2020). Intravenous fibrinolysis for central retinal artery occlusion: 
A cohort study and updated patient-level meta-analysis. Stroke, 51(7), 
2018–2025.

 12. Early Reperfusion Therapy With Intravenous Alteplase for Recovery of 
VISION in Acute Central Retinal Artery Occlusion. https:// Clini calTr ials. 
gov/ show/ NCT04 965038.

 13. A Phase III Randomized, Blind, Double Dummy, Multicenter Study Assess-
ing the Efficacy and Safety of IV THrombolysis (Alteplase) in Patients With 
acutE Central retInal Artery Occlusion. https:// Clini calTr ials. gov/ show/ 
NCT03 197194.

 14. Hoyer, C., Kahlert, C., Güney, R., Schlichtenbrede, F., Platten, M., & Szabo, 
K. (2021). Central retinal artery occlusion as a neuro-ophthalmological 
emergency: The need to raise public awareness. European Journal of 
Neurology, 28(6), 2111–2114.

 15. Wang, R., Wang, Z., Yang, D., Wang, J., Gou, C., Zhang, Y., et al. (2021). Early 
hospital arrival after acute ischemic stroke is associated with family mem-
bers’ knowledge about stroke. Frontiers in Neurology, 12, 652321.

 16. Uhr, J. H., Mishra, K., Wei, C., & Wu, A. Y. (2016). Awareness and knowledge 
of emergent ophthalmic disease among patients in an internal medicine 
clinic. JAMA Ophthalmology, 134(4), 424–431.

 17. Flowers, A. M., Chan, W., Meyer, B. I., Bruce, B. B., Newman, N. J., & Biousse, 
V. (2021). Referral patterns of central retinal artery occlusion to an aca-
demic center affiliated with a stroke center. Journal of Neuro-Ophthalmol-
ogy, 41(4), 480–487.

 18. Rudkin, A. K., Lee, A. W., & Chen, C. S. (2009). Central retinal artery occlu-
sion: Timing and mode of presentation. European Journal of Neurology, 
16(6), 674–677.

 19. Uhr, J. H., Governatori, N. J., Zhang, Q. E., Hamershock, R., Radell, J. E., Lee, J. 
Y., et al. (2020). Training in and comfort with diagnosis and management 
of ophthalmic emergencies among emergency medicine physicians in 
the United States. Eye, 34(9), 1504–1511.

 20. Biousse, V., Bruce, B. B., & Newman, N. J. (2018). Ophthalmoscopy in the 
21st century: The 2017 H Houston Merritt Lecture. Neurology, 90(4), 
167–175.

 21. Bruce, B. B., Biousse, V., & Newman, N. J. (2015). Nonmydriatic ocular 
fundus photography in neurologic emergencies. JAMA Neurology, 72(4), 
455–459.

 22. Vasseneix, C., Bruce, B. B., Bidot, S., Newman, N. J., & Biousse, V. (2019). 
Nonmydriatic fundus photography in patients with acute vision loss. 
Telemedicine Journal and E-Health, 25(10), 911–916.

 23. Pujari, A. (2021). Smartphone ophthalmoscopy: Is there a place for it? 
Clinical Ophthalmology, 15, 4333–4337.

 24. Taylor, C. (2021). Digital ophthalmoscopy: Through a non-specialist lens. 
Future Healthc J, 8(1), e76–e78.

 25. Chan, W., Flowers, A. M., Meyer, B. I., Bruce, B. B., Newman, N. J., & Biousse, 
V. (2021). Acute central retinal artery occlusion seen within 24 hours at 
a tertiary institution. Journal of Stroke and Cerebrovascular Diseases, 30(9), 
105988.

 26. Jones, S. P., Bray, J. E., Gibson, J. M., McClelland, G., Miller, C., Price, C. I., et al. 
(2021). Characteristics of patients who had a stroke not initially identified 
during emergency prehospital assessment: A systematic review. Emer-
gency Medicine Journal, 38(5), 387–393.

 27. Dattilo, M., Biousse, V., & Newman, N. J. (2017). Update on the manage-
ment of central retinal artery occlusion. Neurologic Clinics, 35(1), 83–100.

 28. Chen, C. S., Lee, A. W., Campbell, B., Lee, T., Paine, M., Fraser, C., et al. (2011). 
Efficacy of intravenous tissue-type plasminogen activator in central 
retinal artery occlusion: Report from a randomized, controlled trial. Stroke, 
42(8), 2229–2234.

https://doi.org/10.1016/j.ajo.2011.05.005
https://doi.org/10.1016/j.ajo.2011.05.005
https://www.awmf.org/leitlinien/detail/ll/045-013.html
https://www.awmf.org/leitlinien/detail/ll/045-013.html
https://doi.org/10.1111/ene.14485
https://ClinicalTrials.gov/show/NCT04965038
https://ClinicalTrials.gov/show/NCT04965038
https://ClinicalTrials.gov/show/NCT03197194
https://ClinicalTrials.gov/show/NCT03197194


Page 7 of 7Hoyer et al. Neurological Research and Practice            (2022) 4:30  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 29. Hattenbach, L. O., Kuhli-Hattenbach, C., Scharrer, I., & Baatz, H. (2008). 
Intravenous thrombolysis with low-dose recombinant tissue plasmi-
nogen activator in central retinal artery occlusion. American Journal of 
Ophthalmology, 146(5), 700–706.

 30. Preterre, C., Godeneche, G., Vandamme, X., Ronziere, T., Lamy, M., Breuilly, 
C., et al. (2017). Management of acute central retinal artery occlusion: 
Intravenous thrombolysis is feasible and safe. International Journal of 
Stroke, 12(7), 720–723.

 31. Schultheiss, M., Hartig, F., Spitzer, M. S., Feltgen, N., Spitzer, B., Husing, 
J., et al. (2018). Intravenous thrombolysis in acute central retinal artery 
occlusion - A prospective interventional case series. PLoS ONE, 13(5), 
e0198114.

 32. Fallico, M., Lotery, A. J., Longo, A., Avitabile, T., Bonfiglio, V., Russo, A., et al. 
(2020). Risk of acute stroke in patients with retinal artery occlusion: A 
systematic review and meta-analysis. Eye, 34(4), 683–689.

 33. Vermeer, S. E., Longstreth, W. T., Jr., & Koudstaal, P. J. (2007). Silent brain 
infarcts: A systematic review. The Lancet Neurology, 6(7), 611–619.

 34. Andrade, C. (2020). The limitations of online surveys. Indian Journal of 
Psychological Medicine, 42(6), 575–576.

 35. Menon, V., & Muraleedharan, A. (2020). Internet-based surveys: Relevance, 
methodological considerations and troubleshooting strategies. General 
Psychiatry, 33(5), e100264.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Current diagnosis and treatment practice of central retinal artery occlusion: results from a survey among German stroke units
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


