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ABSTRACT

Objective: Conventional regimens in central retinal artery occlusion have been ineffective in reversing visual loss. Local
intra-aterial fibrinolysis(LIF) has shown promising results. The aim of this study was to review data on LIF with directed
emphasis on the effect of time interval to treatment on visual outcome to obtain an idea on the time frame within which
fibrinolysis would yield worthwhile results.

Methods: We systematically reviewed studies published after year 2000 on LIE After correction for data duplication, the
results of LIF in 44 patients with complete data are reported.

Results: Mean interval to LIF was 18.7 hours (SD 37.2), range 4—240 hours. 43.2% of patients had an improvement
of 2-Snellen lines or more with 25% achieving 6/15 or better and 34.1% attaining 6/60 or better 48 hours post-
intervention. Treatment instituted within 6 hours from symptom onset resulted in a mean improvement of 5.4
lines compared to 2 lines in patients treated beyond 6 hours. When presenting acuity was light perception or worse,
only 1 in 10 eyes attained a 2-line improvement even with intervention within 10 hours. Complications were
seen in 5 patients (11.4%) and included intracerebral haemorrhage (1), ischaemic cerebrovascular accident (2), transient
ischaemic attack (1) and vitreous haemorrhage (1).

Conclusion: Retrospective studies show potential benefits of LIF especially if administered within 6 hours from symptom
onset. The studies had methodological limitations and in the absence of randomised controlled trials, there is insufficient
evidence to justify its routine use in view of notable systemic events.
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INTRODUCTION

The natural course of central retinal artery occlusion
(CRAO) often leaves the affected eye legally blind.
Commonly used conventional regimens such as
intraocular pressure lowering and attempts at inducing
retinal vasodilatation have generally been ineffective
in reversing visual loss'™ with only 20-35% of eyes
retaining useful vision. The natural history of CRAO

* Presented at the Best Systematic Review in Surgery session during
the Annual Evidence-Based Medicine Seminar held in conjunction
with the SGH 16th Annual Scientific Meeting held on 27-28 April
2007 and awarded the 1st prize in Research at the 3rd Research Day at
The Eye Institute, Tan Tock Seng Hospital, on October 2007.

left only 20% of eyes retaining a final visual acuity (VA)
of 6/30 or better in a study published in 1999°.

With increasing experience and beneficial results of
fibrinolytic therapy in coronary and peripheral artery
occlusions, attempts have been made to extend its use
to the treatment of CRAO. A meta-analysis of all the
published data before the year 2000 on local intra-
arterial fibrinolysis (LIF) summarised the visual outcome
of 100 patients from 16 studies with results suggesting
a benefit of intra-arterial thrombolysis compared to
conventional treatments or the natural history of retinal
artery occlusion®. However, changes in VA were found to
be unrelated to the time to intervention in the analysis.
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Table 1. Summary of included studies

Authors Size Study Design Intervention
LIF using urokinase
Vallee et al 1 Case series Pre and post treatment FFA

Retrospective  performed to assess circulatory

Case series

Butz et al 22 .
Retrospective
Case series
Pettersen et al 8 A
Retrospective
. Case series
Riccardo et al 3

Retrospective

reperfusion

LIF using urokinase or rtPA
No pre and post treatment
FFA

LIF usi
using 1 pt with BRAO excluded

No pre and post treatment R
from analysis

FFA

LIF using
Pre and post treatment FFA
performed

We systematically reviewed studies published since
the last meta-analysis in year 2000 with directed
emphasis on treatment criteria and visual outcomes
in order to analyse the effect of time interval from
presentation to intervention on visual improvement and
ascertain the relationship between initial VA and final
visual outcome.

METHODS

Thirteen reports of intra-arterial fibrinolysis for
CRAO were identified in the published literature
after correction for data duplication from the meta-
analysis published in year 20007". Series with full
patient profile, details of time to intervention and
proper documentation of pre and post intervention
VA were included in our analysis. Studies with incomplete
data and patients with cilioretinal artery sparing or
branch retinal artery occlusion were excluded. The first
randomised controlled trial (RCT) for LIF in CRAO is
currently in the process of patient recruitment.

The fibrinolytic treatment involved the insertion of
a guiding catheter into the internal carotid artery
via the femoral artery and coaxial advancement of a
microcatheter into the origin of the ophthalmic artery.
In cases where there was preexisting occlusion of the
internal carotid artery, treatment was carried out via the
maxillary-ophthalmic anastomoses. Local fibrinolysis
was followed by intravenous heparinisation for a period
of 2-3 days.

On follow-up, measurements of VA at 24 to 48 hours
post treatment, fundoscopic examination, visual field
assessment and in some studies, pre and post treatment

fundal fluorescein angiography (FFA) were carried out.
Analysis was performed using Revman 4.2 software.

RESULTS
After correction for data duplication and exclusion
of series with incomplete data, the findings of 44

/10 were combined and

patients from 4 case series
analysed. The included studies are summarised
in Table 1. Age at presentation ranged from 40
to 84 years with a mean of 63.5 (SD 11.5). The
male to female ratio was 25:19. Mean interval to LIF
was 18.7 hours (SD 37.2), range 4-240 hours. Eighteen
patients (41%) received urokinase and 26 (59%)
received recombinant tissue plasminogen activator
(rtPA). The majority of patients presented with severe
visual loss with only 5 eyes (11.4%) presenting with
acuity better than 6/60 (Table 2).

Final acuities ranged from 6/6 to NPL. Nineteen
(43.2%) patients had an improvement of 2 Snellen
lines or more with 14 (31.8%) attaining post-treatment
VA of 6/30 or better, and 9 (20.5%) achieving post
intervention acuity of 6/12 or better. Of the 3 (6.8%)
patients who achieved post-treatment acuity of 6/6, 2
had presenting acuity better than 6/60. The last patient
had CF presenting vision and was treated 12 hours
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Table 2. Characteristics of study population.

nro A Gk Dngon oo VAo W st ime
(hours)
1 56 F CRAO+CRVO 12 CF CF 0 Urokinase VH
2 45 F CRAO+CRVO 12 CF 6/30 5 Urokinase
3 47 M CRAO+CRVO 240 6/15 6/6 4 Urokinase
4 66 F CRAO+CRVO 12 CF 6/12 9 Urokinase
5 69 F CRAO+CRVO 72 6/15 6/9 2 Urokinase
6 67 M CRAO+CRVO 48 6/45 6/15 5 Urokinase
7 53 M CRAO+CRVO 48 6/120 6/15 7 Urokinase
8 58 F CRAO+CRVO 12 CF 6/60 2 Urokinase
9 51 M CRAO+CRVO 48 CF 6/120 1 Urokinase
10 44 M CRAO+CRVO 48 CF CF 0 Urokinase
11 45 M CRAO+CRVO 12 CF 6/6 12 Urokinase
12 68 M CRAO 8 HM 6/120 2 rtPA
13 67 M CRAO 9 HM CF 1 rtPA
14 75 M CRAO 18 HM CF 1 rtPA
15 59 F CRAO 10 HM HM 0 rePA
16 71 F CRAO 8.5 CF CF 0 rtPA
17 77 M CRAO 8 LP LP 0 rtPA
18 76 M CRAO 6 HM HM 0 rtPA
19 70 F CRAO 8 LP CF 2 rtPA
20 78 M CRAO 6.75 NPL NPL 0 Urokinase
21 44 F CRAO 8.25 NPL NPL 0 rtPA
22 84 F CRAO 7.5 NPL NPL 0 Urokinase CVA
23 71 M CRAO 8.25 LP LP 0 Urokinase
24 69 F CRAO 4 LP LP 0 rtPA
25 69 M CRAO 10 LP LP 0 Urokinase
26 46 F CRAO 7.5 HM HM 0 rtPA
27 75 M CRAO 5 HM HM 0 Urokinase
28 71 M CRAO 11 HM HM 0 rtPA
29 74 F CRAO 8 HM HM 0 rtPA CVA
30 51 M CRAO 10 HM HM 0 retPA
31 65 F CRAO 9.5 HM HM 0 rtPA
32 70 M CRAO 9.5 CF HM -1 retPA
33 62 M CRAO 8 LP HM 1 Urokinase
34 77 M CRAO 6.25 LP HM 1 retPA ICH
35 72 F CRAO 8 HM 6/120 2 rtPA
36 45 M CRAO 7 HM 6/120 2 retPA
37 65 F CRAO 8 HM 6/120 2 rtPA TIA
38 65 M CRAO 7 6/12 6/9 1 Urokinase
39 66 M CRAO 6.25 6/120 6/18 6 rtPA
40 61 F CRAO 6 CF 6/9 10 rtPA
41 40 F CRAO 4.75 6/36 6/6 8 rtPA
42 76 M CRAO 6.5 CF 6/18 7 rtPA
43 62 M CRAO 4.5 CF 6/9 10 rtPA
44 70 M CRAO 4.5 CF 6/9 10 rtPA

CRVO = central retinal vein occlusion; CF = counting fingers; HM = hand movement; LP = light perception; NPL = no light perception;

rtPA = recombinant tissue plasminogen activator; Cx = complications; VH = vitreous haemorrhage; CVA = cerebrovascular accident; ICH =

intracranial haemorrhage; TIA = transient ischaemic attack
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Comparison:

Timing of Rx affecting VA improvement

01 Fibrinolysis within 6 hrs vs after 6 hrs

Outcome: 01 Significant Improvement in VA (>= 2 Snellen lines)

Sub-category Fibrinolysis <=Bhrs Fibrinolysis =6hrs RR [random) Weight RR {random)
niN nin 95% Ci % 95%Cl

01 Initial VA worse than or equal to 6/60

Compaosite serles 3/ € 12734 —_— 27 .41 1.42 10.56,

Total events: 3 {Fibrinolysis <=Bhrs), 12 (Fibrinolysis >6hrs)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.74 [P = 0.46)

02 Initial VA better than 6/60

Compasite series

Total events: 1 {Fibrinalysis <=Ghrs), 3 [Fibrinolysis >6hrs)
Test for heterogeneity: not applicable
Test for overall effect: 2= 1.00 (P =0.32)

Total (95% CI)

Total events: 4 (Fibrinolysis <=6hrs), 15 (Fibrinolysis >6hrs}
Test for heterogeneity: Chi = 0,03, df = 1 [P = 0.87), 1" = 0%
Test for overall effect: Z = 1.24 (P = 0.22}

i

Comparison:
Outcome:

Sub-category

01 0.2 05 1 2 5 10

Favours Rx >6hrs Favours Rx <=6 hrs

Fig. 1. Timing of treatment versus achievement of significant VA improvement (at least 2 lines).

Timing of Rx affecting Mean SL change

01 Fibrinolysis within 6 hrs vs after 6 hrs
02 Mean change in Snellen lines

Fibrinolysis <=6 hrs Fibrinalysis >6hrs WMD (random) Weight WMD (random)

] Mean (5D} N Mean (SD) 95% C1 % 95% CI

Composite series

2.92) 100.00

Favours Rx >6hrs Favours Rx <=6hrs

Fig. 2. Timing of treatment versus mean Snellen line change.
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Initial VA affecting VA improvement

Comparison: 02 Initial VA <=6/60 vs >6/60

Outcome:

Initial VA >6/60
/N

Sub-category

01 Significant Improvement in VA (>= 2 Snellen lines)

Initial VA <=6/60

RR (fixed)

RR (fixed) Weight
3 95% C1

5% C %

01 Fibrinolysis within & hrs

Composite serles

Subtotal (95% C1)

Total events: 1 {Initial VA >6/60), 2 (initlal VA <=6/80)
Test for heterogenaity: not applicable

Test for overall effect: Z = 1,70 (P = 0.09)

02 Fibrinolysis after & hrs

Composite series

Subtatal (35% C1)

Total events: 3 (Initial VA >6/60), 12 {Inktial VA <=6/60)
Test for heterogeneity: not applicable

Test for overall effect: 2 = 1.96 (P = 0.05)

Total (95% i)
Total events: & (Initial VA >6/60), 15 (Initial VA <=6/60)
Test for heterogeneity: Chi® = 0.00, df = 1 (P = 0.95), I* = 0%
Test for overall effect: Z = 2.42 (P = 0.02)

4 - -90, 4.45

R =

I

}

Favours VA <=6/60

0.2 05 1 2 5 10

Favours VA >6/60

Fig. 3. Initial VA versus achievement of significant VA improvement (at least 2 lines).

after symptom onset. None of the patients presenting
with HM vision or worse had improvement to better
than 6/120 vision.

Using Revman 4.2 analysis software, after controlling
for initial VA as a confounding factor using stratified
analysis, time to intervention of 6 hours and less
resulted in 1.4 times the chance of having VA
improvement of 2 or more Snellen lines and 3.4 lines
greater mean improvement. (Fig. 1) Treatment instituted
within 6 hours from symptom onset resulted in a mean
improvement of 5.4 lines compared to 2 lines in patients
treated beyond 6 hours (Fig. 2).

We also found initial VA of 6/60 or worse to be a poor
prognostic factor (p=0.02) for visual improvement.
Initial acuity better than 6/60 resulted in 2 times the
chance of achieving VA improvement of 2 or more
Snellen lines (Fig. 3) with a mean improvement of
4 lines compared to 2.4 lines for patients presenting
with 6/60 or worse. (Fig. 4, overleaf) When presenting
acuity was light perception or worse, only 1 in 10 eyes

attained a 2 line improvement even with intervention
within 10 hours.

Complications were seen in 5 patients (11.4%) and
included intracerebral haemorrhage (1), ischaemic
),

attack (1) and vitreous haemorrhage (1).

cerebrovascular accident transient  ischaemic

DISCUSSION

The time window for fibrinolysis in CRAO remains
undetermined and is taken with analogy to stroke. The
National Institute of Neurological Disorders and Stroke
(NINDS) rtPA Stroke study published that systemic
fibrinolysis within 3 hours after symptom onset in stroke
patients was associated with better outcomes®. It can
still be beneficial up to 6 hours?'.

Histologic and electrophysiologic studies in animal eye
models suggest that irreversible ischaemic retinal damage
develops after 100 minutes of experimentally produced
complete CRAO?. If there were a moderate amount
of residual circulation in the retina via anastomotic
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Initial VA affecting
Mean SL change

Comparison: 02 initial VA <=6/60 vs >6/60

Outcome: 02 Mean change in Snellen lines

Sub-category Initial VA >6/60 Initial VA <=6/60 WMD (random) Weight WMD (random)
] Mean (50) N Mean (50) a5% Ci k3 a95% CI
Composite series 5 q4.00(2.74) 2.36(3. 1= 64 . 4.3
Total (95% C1) - 1 o[- "
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.21 (P = 0.23)
+ ' 4 4
10 -5 o =} 10

Favours VA <=6/60

Favours VA >6/60

Fig. 4. Initial VA versus mean Snellen line change.

channels, the retina can survive up to a maximum of
3 to 4 hours®. There have been clinical reports of
improvement in vision in patients treated beyond this
time frame up to as late as 3 days post onset, but this
may be due to incomplete occlusion or the presence of
a cilioretinal artery. The efficacy of fibrinolytic therapy
is limited beyond the ischaemic penumbra with retinal
survival time probably up to a maximum of 4 hours.

There have been previously reported findings of a
lack of correlation between time to intervention
and visual outcome, which is inconsistent with
scientific data. Our analysis shows that better results
were achieved with early treatment within 6 hours
from symptom onset. Although a stratified analysis
controlling for initial VA as a potential confounding
factor did not reach statistical significance due to
the small numbers, the benefit of early treatment was
consistent across the strata.

We included a case series with combined CRAO and
Central Retinal Vein Occlusion (CRVO) in our analysis.
As development or resolution of macular oedema
in CRVO affects final acuity and may distort the
contributory effects of LIE we compared only the VA
at 24 to 48 hours after intervention with pre-treatment

VA. These patients also had objective FFA evidence of
improved retinal arteriovenous transit time. Ten of 11
patients in this series presented within 72 hours from
symptom onset, well before formation of collaterals
could be established to cloud the issue.

There is a point of contention as to the scientific
rationale for the use of fibrinolytic agents in cases of
CRAO secondary to emboli that consist largely of
cholesterol or calcium. Arruga and Sanders found
that only 15.5% of retinal emboli were composed
of fibrinoplatelet material, whilst 74% consisted of
cholesterol and 10.5% of calcium®. As fibrinolytic
agents have no effect on cholesterol or calcium,
fibrinolysis has been viewed by some authors to be
appropriate for only a small group of patients’. However,
there is a postulated role for fibrinolytic agents in lysis of
secondary thromboemboli that form as a result of
the induced stasis causing progression of the arterial
occlusion® thus making it still of benefit beyond the
group with fibrinoplatelet emboli. The mechanical effect
of flushing during LIF has also been postulated to assist
in restoring patency.

The success rates of LIF in individual studies have been
reported to be between 7.3 and 43.5%*%**3'. Our
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finding of 43.2% of patients having an improvement
of 2 Snellen lines or more and 32% of eyes achieving
a post treatment VA of 6/30 or better compare
favourably with the natural history of CRAO’ (reported
rate of 20% with final acuity of 6/30 or better) and
with conventional forms of therapy such as the use

32-34 2435
Y

of carbogen therapy’™, globe massage**®, topical

beta-blockers and acetazolamide to reduce intraocular

124" and anterior chamber paracentesis'**.

pressure
The reported success rates for these therapies ranged
15-21% when the criteria for visual

improvement was taken to be at least 2 Snellen lines

between

with rates in individual retrospective studies varying
between 6 and 49%°.

There are methodological limitations in our analysis
as the studies analysed were small, retrospective and
non-randomised with no control groups. There was
also no standardisation in the patient selection process,
the fibrinolytic agents used and measurement of
visual improvement. The interval between symptom
onset and treatment was large, ranging from 4 to 240
hours. Two of the studies had no standardised pre
and post lysis FFA assessment to objectively assess
for residual perfusion before initiation of treatment
and improvement of circulation after therapy. The
patients with better presenting acuity may have had
incomplete occlusions or presence of a cilioretinal artery
predisposing them to better visual recovery. Learned
eccentric fixation could also account for improved VA
unless VA measurements are made by trained staff.

The risk of complications is significant at 11.4%,
with other studies reporting rates of between
3.2-12%%¢3" and include life-threatening conditions
like intracerebral haemorrhage, transient ischaemic
attacks or strokes from catheter manipulation-
induced emboli. In view of the life-threatening risks
involved, the use of fibrinolytic therapy cannot
be recommended in advance of a well-designed
randomised study. The first multi-centre RCT evaluating
LIF in CRAO is currently in the stages of patient

recruitment in Europe'’.

Some patients with very poor presenting vision

of counting fingers or worse showed visual
improvement after treatment, giving hope to an
otherwise dismal condition. We recognise the
significant adverse effects associated with reported
studies, but this may be at an early stage and is
also very dependent on individual interventional
neuroradiologists. As this new modality of treatment

seems to suggest some hope in recovering some useful

vision, perhaps combining this with careful patient
selection may provide the best possible outcome
in these patients.

CONCLUSION

Retrospective studies show potential benefits of LIF
especially if administered within 6 hours from symptom
onset but with notable systemic adverse events. In
cases where therapy is to be instituted, the potential
systemic complications need to be thoroughly discussed
with the patient. The results of the multi-centre RCT
evaluating LIF in CRAO are awaited, and undil then,
LIF treatment for patients with CRAO needs to be
evaluated carefully for potential gains versus the risk of

systemic complications.

REFERENCES

1. Atebara NH, Brown GC, Cater J. Efficacy of anterior chamber
paracentesis and carbogen in treating acute nonarteritic central
retinal artery occlusion. Ophthalmology 1995;102:2029-34.

2. Rumelt S, Dorenboim Y, Rehany U. Aggressive systematic
treatment for central retinal artery occlusion. Am ] Ophthalmol
1999;128:733-8.

3. Mueller AJ, Neubauer AS, Schaller U, Kampik A. Evaluation
of minimally invasive therapies and rationale for a prospective
randomised trial to evaluate selective intra-arterial lysis for
clinically complete central retinal artery occlusion. Arch
Ophthalmol 2003;121:1377-81.

4. Neubauer AS, Mueller AJ, Schriever S, Gruterich M, Ulbig
M, Kampik A. Minimally invasive therapy for clinically
complete central retinal artery occlusion — results and meta-
analysis of literature (German). Klin Monatsbl Augenheilkd
2000;217:30-6.

5. Hayreh SS. Retinal arterial occlusion with LIF using rTPA.
Ophthalmology 1999;106:1236-8.

6. S Beatty, KG Au Eong. Local intra-arterial fibrinolysis for acute
occlusion of the central retinal artery: a meta-analysis of the
published data. Br ] Ophthalmol 2000;84:914—6.

7.  Butz B, Strotzer M, Manke C, Roider J, Link J, Lenhart M.
Selective intraarterial fibrinolysis of acute central retinal artery
occlusion. Acta Radiol 2003;44:680—4.

8. DPettersen JA, Hill MD, Demchuk AM, Morrish W, Hudon
ME, Hu W et al. Intra-arterial thrombolysis for retinal
artery occlusion: the Calgary experience. Can ] Neurol Sci
2005;32:507-11.

9. Vallee N, Paques M, Aymard A, Massin B Santiago PY,
Adeleine P et al. Combined central retinal arterial and venous
obstruction: emergency ophthalmic arterial fibrinolysis.
Radiology 2002;223:351-9.

10.  Padolecchia R, Puglioli M, Ragone MC, Romani A, Collavoli
PL. Superselective intraarterial fibrinolysis in central retinal
artery occlusion. AJNR Am ] Neuroradiol 1999;20:565-7.

11.  Feltgen N, Neubauer A, Jurklies B, Schmoor C, Schmidt D,
Wanke J et al. Multicenter study of the European Assessment
Group for Lysis in the Eye (EAGLE) for the treatment of
central retinal artery occlusion: design issues and implications.
EAGLE Study report no.1. Graefes Arch Clin Exp Ophthalmol
20065244:950-6.

12.  Schmidt D, Monting JS, Schumacher M. Prognosis of central
retinal artery occlusion: Local intra-arterial fibrinolysis
versus  conservative treatment. Am ] Neuroradiology
2002;23:1301-7.

13.  Kattah JC, Wang DZ, Reddy C. Intravenous recombinant
tissue-type plasminogen activator thrombolysis in treatment

SGH PROCEEDINGS ¢ VOL 18 « NO 3 » 2009

97



Ophthalmology

15.

19.

20.

21.

22.

23.

24.

of central retinal artery occlusion. Arch Ophthalmol
2002;120:1234-6.

Arnold M, Koerner U, Remonda L, Nedeltchev K, Mattle H,
Schroth G et al. Comparison of intra-arterial thrombolysis
with conventional treatment in patients with acute central
retinal artery occlusion. J Neurol Neurosurg Psychiatry
2005;76:196-9.

Framme C, Spiegel D, Roider ], Sachs HG, Lohmann CP,
Butz B et al. Central retinal artery occlusion. Importance of
selective intra-arterial fibrinolysis (German). Ophthalmologe
2001;98:725-30.

Fernandez FJ, Guelbenzu S, Barrena C, Larrosa JM, Gonzalvo
FJ, Melcon B et al. Selective ophthalmic artery fibrinolysis in
acute central retinal artery occlusion (Spanish). Arch Soc Esp
Oftalmol 2002;77:81-6.

Cilveti PA, Lapeira AM, Garcia CJ. Fibrinolysis with rTPA
in acute retinal arterial occlusion (Spanish). Arch Soc Esp
Oftalmol 2000;75:287-90.

Von Mach MA, Guz A, Wiechelt ], Pfeiffer N, Weilemann
LS. Systemic fibrinolytic therapy using urokinase in central
retinal artery occlusion. A case study (German). Dtsch Med
Wochenschr 2005;130:1002—6.

Tagawa M, Sugiu K, Tokunaga K, Sasahara W, Watanabe K,
Tamesa N et al. Local intraarterial fibrinolysis in central retinal
artery occlusion: case report (Japanese). No Shinkei Geka
2005;33:619-23.

The NINDS Stroke Study Group. Tissue plasminogen activator
for acute ischaemic stroke. N Engl ] Med 1995;333:1581-7.
Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, von
Kummer R et al. Intravenous thrombolysis with recombinant
tissue plasminogen activator for acute hemispheric stroke. The
European Cooperative Acute Stroke Study Group (ECASS).
JAMA 1995;274:1017-25.

Hayreh SS, Kolder HE, Weingeist TA. Central retinal
artery occlusion and retinal tolerance time. Ophthalmology
1980;87:75-8.

Singh S, Dass R. The central artery of the retina —
II.  Distribution Br ] Ophthalmol
1960;44:280-99.

Arruga ], Sanders MD. Ophthalmologic findings in 70

and anastomoses.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

patients with evidence of retinal embolism. Ophthalmology
1982;89:1336-7.

Castaigne P, Lhermitte E Gautier JC, Escourolle R, Derouesne
C. Internal carotid artery occlusion. A study of 61 instances in
50 patients with post-mortem data. Brain 1970;93:231-58.
Richard G, Lerche RC, Knospe V, Zeumer H. Treatment
of retinal arterial occlusion with local fibrinolysis using
recombinant tissue plasminogen activator. Ophthalmology
1999;106:768-73.

Schmidt D, Schumacher M, Wakhloo AK. Microcatheter
urokinase infusion in central retinal artery occlusion. Am ]
Ophthalmol 1992;113:429-34.

Schumacher M, Schmide D, Wakhloo AK.
arterial fibrinolysis in central artery occlusion. Radiologe
1991;31:240-43.

Schumacher M, Schmidt D, Wakhloo AK. Intra-arterial
fibrinolytic therapy in central retinal artery occlusion (CRAO).
Neuroradiology 1993;35:600-5.

Weber J, Remonda L, Mattle HP, Koerner U, Baumgartner
RW, Sturzenegger M et al. Selective intra-arterial fibrinolysis of
acute central retinal artery occlusion. Stroke 1998;29:2076-9.
Weill A, Cognard C, Piotin M, Laloum L, Castaings L, Moret
J. Persistent value of intra-arterial fibrinolysis 8 hours or more

Intra-

following central retinal artery occlusion or of its branches. ] Fr
Ophtalmol 1998;21:466-70.

Aisenbrey S, Krott R, Heller R, Krauss D, Rossler G, Heimann
K. Hyperbaric oxygen therapy in retinal artery occlusion.
Ophthalmologe 2000;97:461-7.

Frayser R, Hickam J. Retinal vascular response to breathing
increased carbon dioxide and oxygen concentrations. Invest
Ophthalmol Vis Sci 1964;3:427-31.

Landers M. Retinal oxygenation via the choroidal circulation.
Trans Am Ophthalmol Soc 1978;76:528-56.

Ffytche T, Bulpitt C, Kohner E, Archer D, Dollery C. Effects of
changes in intraocular pressure on the retinal microcirculation.
Br ] Ophthalmol 1974;58:514-22.

Augsburger JJ, Magargal LE. Visual prognosis following
treatment of acute central retinal artery obstruction. Br J
Ophthalmol 1980;64:913-7.

98

SGH PROCEEDINGS ¢ VOL 18 ¢ NO 3 * 2009



