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Summary 

The blood retinal barrier was investigated in a group of patients with angioid streaks and 

pseudoxanthoma elasticum, using the technique of vitreous fluorophotometry. Angioid streaks 

are breaks in the elastic layer of Bruch's membrane with atrophy of the adjacent pigment 

epithelium. The retinal pigment epithelial cells and their intercellular junctions form part of 

the blood retinal barrier. 

In this study it was found that despite the presence of' angioid streaks and extensive areas of 

pigment epithelial atrophy the blood retinal barrier was intact. In contrast, when disciform 

degeneration had occurred the blood retinal barrier was abnormal. 

It is proposed that vitreous fluorophotometry could be used to identify those patients 

developing disciform degeneration at an early and therefore potentially treatable stage. 

Angioid streaks are ophthalmoscopically visi
ble red-brown streaks that radiate from the 
peripapillary area of the fundus. They are 
often associated with pseudoxanthoma elas
ticum, a generalised disturbance of elastic tis
sue throughout the body. 1,2 

The important complications of angioid 
streaks are subretinal neovascularisation and 
choroidal haemorrhage, either of which may 
present clinically with disturbance or loss of 
vision. }.) 

Angioid streaks represent breaks in the 
elastic layer of Bruch's membrane accom
panied by varying degrees of disturbance and 
atrophy of the overlying retinal pigment 
epithelium.6 

The retinal pigment epithelial cells and 
their junctions form part of the blood-retinal 
barrier (BRB).H When this barrier is dis
turbed there is a potential for choroidal 
extra-cellular fluid to pass into the neuro
retina and vitreous. Since the pigment 

epithelium overlying the defects in Bruch's 
membrane in patients with angioid streaks is 
atrophic, it may be expected that the BRB in 
these areas will be abnormal. 

Vitreous fluorophotometry is a sensitive. 
reproducible and quantitative method of 
detecting abnormalities in the BRB.y,1II 

We undertook to study the blood-retinal 
barrier in a group of patients with angioid 
streaks, by the technique of vitreous 
fluorophotometry, and to comment on its 
application in the clinical setting. 

Patients and Methods 
Patients with angioid streaks were selected 
from the diagnostic index of our retinal 
photography department. Of these patients, 
seven agreed to take part in this study. Three 
of these seven were members of the same 
family. The opportunity was taken to 
examine another three members of this 

Correspondence to: Mr. R. Brown, Retinal Photography Department, Manchester Royal Eye Hospital, 

Oxford Road, Manchester. M13 9WH. 

Presented at the Annual Congress of the Ophthalmological Society of the United Kingdom, April 1988. 

IFrom Manchester Royal Eye Hospital, Oxford Road, Manchester, M13 9WH. England. 

2Birmingham .and Midland Eye Hospital, Church Street, Birmingham, B3 2NS. England. 



548 R. BROWN AND M, F. RAINES 

family (see pedigree). In total therefore, ten 
patients were investigated. 

All patients with angioid streaks in this 
study showed the skin changes of pseudoxan
thoma elasticum. Informed written consent 
was obtained from all patients. 

The ocular examination consisted of ; vis
ual acuity as measured by Snellen chart, slit 
lamp examination of the anterior segments, 
direct and indirect ophthalmoscopy of the 
vitreous and retina, colour fundus photo
graphy, fluorescein angiography and vitreous 
fluorophotometry. 

None of the patients had any other ocular 
or systemic conditions known to influence 
f1uorophotometric measurements. 

Fundal examination and fluorescein 
studies were performed following pupil 
dilataton which was achieved by the instilla
tion of topical Tropicamide 1 % and 
Phenylephrine 10%. Vitreous f1uorophoto
metry was performed using the Fluorotron 
Master™ (Coherent, Palo Alto, California). 
The technique has been described in detail 
elsewhere11.12 and will be briefly reviewed 
here. Initial fluorotron scans, termed the 
background scans, were obtained from each 
eye. These background scans measure the 
natural fluorescence of the ocular tissues. A 
bolus of sodium fluorescein (14 mg/kg body 
weight) was then injected intravenously. 
Standard fluorescein angiography was per
formed. Between 3 and 5 minutes post injec
tion, a further scan termed the bolus scan was 
performed. The bolus scan is used in the final 
calculation to minimise the influence of 
chorioretinal fluorescence on the vitreoLls 
fluorescence measurement. A final scan, 

A 

C 1 

o = Mele, Not Affected 

• = Mele, Affected 

0= Femele, Not Affected 
• = Femele. Affected 

termed the measurement scan, was per
formed at 60 minute post fluorescein injec
tion. Two samples of venous blood were 
obtained from each patient. The first taken 
between 5 and 10 minutes, the other at 60 
minutes post injection. The exact times of the 
scans and the venepunctures were recorded. 
The plasma fluorescein values were entered 
into a computer algorithm to obtain the 
plasma fluorescein integral. A posterior vit
reous penetration ratio (PR) was calculated 
using the scans and plasma data.!3 This 
penetration ratio is a measurement of the 
integrity of the blood retinal barrier. 

To establish a normal range, twenty five 
age and sex matched normal individuals (30 
eyes) also underwent vitreous f1uoro
photometry according to the above method. 

Results 

The pedigree of the family examined is 
shown in Figure 1. The parents, generation 
A, were not examined and were reported by 
family members not to have any known ocu
lar problems. No consanguinity has been 
known in the family. 

The Table shows the examination findings 
of each patient. In a total of six eyes angioid 
streaks were present without neovascularisa
tion or disciform scar (Fig. 2). In all these 
eyes the posterior vitreous penetration ratio 
was within normal limits. Eight eyes showed 
angioid streaks with sub retinal neovasculari
sation or disciform scar (Fig. 3). In all these 
eyes the penetration ratio was elevated above 
the normal range. 

The six eyes without angioid streaks all had 
a normal penetration ratio. The twenty five 
normal individuals studied had a penetration 
ratio of 2.35±O.76xlO-6/min (mean +/
S.D.).This value is similar to previously pub
lished normal ranges which used the same 
method of analysis.!3 

Discussion 

This study has shown that patients with 
uncomplicated angioid streaks and pseudo
xanthoma elasticum have a normal posterior 

Fig, L Pedigree of family studied 
Pseudoxanthoma Elasticum. 

with vitreous penetration ratio. To our knowledge 
this finding has not previously been reported. 
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Table 

P. Ratio 
Patient Sex Age Eye VIA Ophthalmoscopyl FFA xlO-6/min 

Bl M 38 R: CF Extensive angioid streaks 23.743 
L: CF and bilateral macular 17.628 

disciform degeneration. 

B2 F 37 R: 6/24 Angioid streaks and macular 6.138 
disciform scar 

L: 6/6 Angioid streaks and peripheral 1.619 
pigmentary disturbance. 

B3 F 36 R: 6/6 Normal. No angioid streaks 1.539 
L: 6/6 Normal 1.14 8  

84 F 34 R: 6/5 Angioid streaks 2.789 
L: 6/9 Extensive angioid streaks 2.627 

B5 F 27 R: 6/6 Normal. No angioid streaks 2.538 
L: 6/6 Normal 1 . 629 

C7 M 14 R: 6/5 Normal. No angioid streaks 1.971 
L: 6/5 Normal 1.863 

F 28 R: 1/60 Angioid streaks and macular 7.514 
disciform degeneration 

L: 6/6 Angioid streaks 1.711 

2 M 49 R: 6/36 Bilateral angioid streaks and 4.617 
L: CF macular disciform scars 6.754 

3 M 45 R: 6/5 Angioid streaks 1.940 
L: 6/5 Angioid streah 1.80S 

4 F 52 R: 6/6 Bilateral angioid streaks with 8.354 
marked macular pigmentary 

L: 6/9 disturbance amd peripheral 10.967 
SRNV. 

Patients B I to ('7 were all members of the family investigated. (see Pedigree). The other patients 
examined arc numbered I to 4. 
VI A= ViSlla/ Acuity as measured br Snellen charI. 
CF=CounttinKers at / metre. 
FF A = Fundus fluorescein angiogram. 
/'. Ratio= Penelratiofl Rmio (Normal rangc=2.35 ±O. 76x/I)-I'llnin) 
SRNV = Sub retinal neovascularislltioll. 

The blood-retinal barrier therefore 
appears to be functionally intact in these 
patients despite the presence of breaks in 
Bruch's membrane and accompanying 
atrophy of the adjacent pigment epithelium. 
This finding is surprising since the pigment 
epithelium is regarded as forming part of the 

blood-retinal barrier. The normal members 
of the family studied also had penetration 
ratios within the normal range. 

In those patients with associated disciform 
degeneration however, the blood-retinal bar
rier is markedly abnormal in all cases. This 
reflects the disturbance in the BRB that 
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Fig. 2: Patient B4. Left Eye. Fluorescein angiog
ram. arterial phase. Showing hyperfluorescence of 
the angioid streaks. 

occurs when subretinal new vessels are pre
sent. A similar breakdown of the BRB has 
been shown previously by a study in which 
four patients with age related macular degen
eration and subretinal neovascularisation all 
had elevated penetration ratios.14 Sub-retinal 
neovascularisation, occurring in patients with 
angioid streaks, often affects the macular 
area, resulting in a severe loss of form vision. 
The results of treatment are often disappoint
ing. Early treatment may potentially improve 
the visual prognosis, although early subreti
nal neovascularisation in association with an 
angioid streak may be difficult to detect. 
Fluorescein angiography may not be helpful 
as new vessel hyperfluorescence may be 
superimposed over the pigment epithelial 
defect. 

In conclusion, breakdown of the BRB can 
be demonstrated by vitreous fluorophoto
metry, and as it appears that this breakdown 
occurs with angioid streaks only when sub
retinal new vessels are present, it may be pos
sible to use vitreous fluorophotometry to 
identify those patients developing new ves
sels at an early and potentially treatable 
stage. 
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