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Summary 
The morphology of the circle of Haller and Zinn and its variations were examined 

using methyl-methacrylate microvascular corrosion casting of human orbits 

obtained at post-mortem. It was found to be an elliptical microvascular anastomosis 

formed by branches of the medial and lateral para-optic short posterior ciliary 
arteries. The ellipse was divided into superior and inferior parts by the entry points 

of these branches into the eye, providing an altitudinal blood supply to the retrolam

inar optic nerve. Morphological variations in terms of form, position and branches 

existed between subjects and between eyes from the same subject. The clinical impli

cations of an elliptical 'circle' of Haller and Zinn providing an altitudinal blood 

supply to the retrolaminar optic nerve are relevant to the pathogenesis of altitudinal 

visual field defects in anterior ischaemic optic neuropathy. 

Anterior ischaemic optic neuropathy (AlaN) 
exists in two forms, arteritic (associated with 
giant cell arteritis) and non-arteritic (idio
pathic). Non-arteritic anterior ischaemic 
optic neuropathy is a relatively common cause 
of loss of vision in middle age.1,2 It is charac
terised by altitudinal patterns of visual field 
loss in which the inferior field is preferentially 
affectedl-3 (most commonly infero-nasai) 
associated with characteristic asymmetrical 
pallid optic disc oedema. The few cases of 
anterior ischaemic optic neuropathy that have 
been examined histopathologically locate the 
infarction to the posterior laminar and retro
laminar optic nerve. 4,5 

Most authors suggest this region has a 
blood supply from pial branches from the 
medial and lateral bundles of the short pos-

terior ciliary arteries and recurrent choroidal 
branches. oR However, it is difficult to explain 
the altitudinal nature of visual field defects on 
such a purely horizontal vascular supply. 
These defects have previously been attributed 
to watershed infarctions. 

We have applied the technique of methyl 
methacrylate microvascular corrosion casting 
to elucidate the microvasculature of the lam
inar and retrolaminar optic nerve in man in 
order to try and answer two clinically relevant 
questions related to anterior ischaemic optic 
neuropathy: (i) Why is the field defect most 
commonly altitudinal and does this reflect an 
altitudinal blood supply to the retrolaminar 
optic nerve? (ii) Why is there preferentially a 
lower visual field loss, and is this also anatom
ically determined? 
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Fig. 1. Macroscopic appearance of vascular cast of the posterior globe and orbital vessels showing the optic nerve 
(long solid arrow), short posterior ciliary arteries over the macula (3 small arrowheads), inferior oblique muscle 
close to insertion (short solid arrows) and inferior rectus (empty arrow). 

Methods 
Human cadaver orbits obtained 36-48 hours 
post-mortem were prepared for micro-vascu
lar corrosion casting and injected via the oph
thalmic artery with thinned Batson's mixture 
(methyl methacrylate based) according to our 
standard technique.9 Following corrosion in 
six Molar potassium hydroxide the casts were 
washed in distilled water and air dried. The 
optic nerve, rectus muscles and posterior cili
ary vessels were then divided approximately 
one centimetre behind the globe to separate 
the globe and retrolaminar optic nerve cast 
intact from the orbital vasculature. The casts 
were examined macroscopically under a bin
ocular dissecting microscope to identify the 
short posterior ciliary bundles, circle of Haller 

and Zinn if visible and to orientate the eye. 
The optic nerve and short posterior ciliary 
arteries were then further trimmed to within 
1.5 mm of the posterior aspect of the cast. The 
casts were sputter coated with 50 nm gold and 
examined by scanning electron microscopy 
either whole or as dissected fragments of pos
terior pole and retrolaminar optic nerve 
mounted on an aluminium stub. Scanning 
electron photomicrographs were taken at 
X 25 and x 60 magnification at a tilt of 00, 450 

and 900 (ie side on, obliquely and from above 
the optic nerve). 

Results 
Vascular casts from 21 adult eyes from 17 
cadavers (ages 21-89 yrs) were examined 
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Fig. 2. Scanning electron photomicrograph of part of the choroi d i llustrati ng an artery wi th characteri sti c 
elongated endotheli al nuclear i mpressions (whi te arrow) and contrasti ng vei n wi th rounder endotheli al nuclear 
impressi ons (black arrow). The choriocapi llari s i s  i n  the background (star). 
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Fig. 3. Scanni ng electron photomicrograph of 'ci rcle' of Haller and Zi nn formed by branches of lateral short 
posteri or ci li ary arteri es (short empty arrow) and a medi al short posteri or ci li ary artery (short soli d arrow) formi ng 
a superi or (strai ght soli d arrow) and i nferi or anastomosi s (strai ght empty arrow). (From a ri ght eye). 

macroscopically (Fig. 1) and with scanning 
electron microscopy for identification of the 
major morphological features of the retrolam
inar optic nerve vasculature. In none of the 
subjects was there a history of anterior 
ischaemic optic neuropathy. Casts of arteries 
and veins were easily identifiable by their 
characteristic endothelial nuclear impres
sions. (Fig. 2) 

The 'circle' of Haller and Zinn was readily 
identifiable in all subjects in some form after 
dissection. It is shown in its most complete 
form (Fig. 3) as a microscopic, arteriolar 
intrascleral anastomosis between branches of 
medial and lateral para-optic short posterior 
ciliary arteries. This is a horizontal ellipse 
which could be divided into superior and 
inferior parts by the entry points of branches 
of a medial and lateral short posterior ciliary 

artery into the eye at the scleral-optic nerve 
junction (schematic representation Figure 5). 

The microscopic intrascleral 'circle' of 
Haller and Zinn was distinguishable from a 
separate macroscopic extrascleral arterial 
anastomosis present superiorly in some eyes 
(Fig. 5). This extrascleral arterial anastomosis 
was formed from different (more distal) short 
posterior ciliary arteries. 

Morphological variations can be con
sidered in terms of form, position and 
branches (see Fig. 4). These variations were 
greatest for eyes between subjects than for 
eyes from the same subject (see Figs. 3, 4 
same subject and Figs. 6, 7 different subject, 
for comparison). 

Form 
An arterial to arterial anastomosis between 
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Fig. 4a. Scanni ng electron photomicrograph montage of a vascular cast of posteri or pole of globe showi ng 
extrascleral ci rcle (empty arrow) formed by lateral and medi al short posteri or ci li ary arteri es. (From a left eye, 

pai red wi th Fi gure 3). 
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Fig.4b. Hi gher magnificati on i llustrati ng superior arteriolar anastomosis of 'circle' of Haller and Zi nn (strai ght 
solid arrow) lyi ng i ntrasclerally i n  this eye. Bar = 500 !Wl 
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Fig.4c. Higher magnification of inferior part of'circle' of Haller and Zinn (empty straight arrows) from the same 
eye seen from the other side. A portion is obscured by a choroidal branch (star) originating from the lateral short 
posterior ciliary artery; continuity was confirmed by altering the tilt of the cast in the scanning electron microscope. 
Bar = 5001Jl1l 



14 J. M. OLVER ET AL. 

SCHEMATIC REPRESENTATION OF RETROLAMINAL BLOOD SUPPLY 

Fig.S. Schemati c representati on orci rcle' of Haller and Zi nn where the branches of the para-opti c short posteri or 
ci li ary arteri es enter the eye at the sclera-opti c juncti on at di fferent points divi di ng the elli pse hori zontally into two 
parts. Recurrent pi al and choroidal branches ari se from each part. 

medial and lateral short posterior ciliary 
arteries could be demonstrated on either the 
superior or inferior parts in all eyes. In some 
eyes the 'circle' made a complete anastomosis 
between medial and lateral para-optic short 
posterior ciliary arteries (Figs. 3, 6) with or 
without narrow portions (Fig. 7), or was 
incomplete with overlapping but not ana
stomosing arterioles; it could also have a 
double supply. 

Position 
The position of the 'circle' of Haller and Zinn 
varied in relation to the optic nerve: it could 
lie tightly adherent to the optic nerve (Fig. 8a) 
being only identifiable after extensive dissec
tion of optic nerve capillaries or, in contrast, 
lie at a distance away from the optic nerve 
(Fig. 8b) when it was easily identifiable with 
minimal dissection as in Figure 3. 

The axial position of the 'circle' also varied: 

it could be anterior, close to outer choroidal 
vessels where the superior and inferior parts 
lay intrascleral (Figs 8c, 9), or posterior, away 
from the choroid where the superior and 
inferior parts were partially or completely 
extrascleral (Figs. 8d, 10). 

Branches 
Branches derived from the 'circle' of Haller 
and Zinn included recurrent pial branches, 
recurrent choroidal branches and arteriolar
arteriolar anastomoses (see Figs. lla, b). The 
pial branches (30-50 Ilm) arose either inde
pendently from the 'circle' averaging four to 
seven arterioles from each part or as two to 
three trunks from each part which sub
sequently divided. Small branches penetrated 
the retrolaminar optic nerve to anastomose 
with optic nerve capillaries. Larger recurrent 
choroidal branches (50-100 Ilm) supplied the 
immediate peripapillary choroid and 
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Fig. 6. Anastomoses between medi al and lateral short posteri or ci li ary arteri es forming complete 'ci rcle' of Haller 
and Zi nno Note double supply temporally (soli d arrow) whi ch forms an i ncomplete anastomosi s from whi ch pi al 
vessels also aris e. (From a left eye). Bar = 400 11m. 
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Fig. 7. Anastomoses between medial and lateral short posterior ciliary arteries forming a complete' circle' but with 
sections on superior (solid arrow) and inferior (empty arrow) parts. From a left eye. bar = 500 fJJ1I. 

extended towards the equator as straight 
vessels superiorly and inferiorly (Fig. lla). 
Small centripetal branches (10--30 !tm) 
derived from these choroidal branches and 
from the choroidal edge (adjacent to the bor
der zone of Elschnig) entered the laminar and 
retrolaminar optic nerve (Fig. llb). Arte
riole-arteriole anastomoses were noted within 
the 'circle' of Haller and Zinn and between its 
branches (Fig. lla, b). 

Branches of the central retinal artery were 
specifically studied in those casts where the 
optic nerve was only partially dissected. We 
noted branches from the central retinal artery 
approximately 1.5 mm posterior to the 
anterior laminar region (Fig. 12) running both 
centripetally and centrifugally anastomosing 
with optic nerve capillaries, but no branches 

anterior to this were seen supplying the retro
laminar optic nerve. 

The blood supply of the laminar and retro
laminar optic nerve was derived from the 
short posterior ciliary arteries via the 'circle' 
of Haller and Zinn with contributions from 
the choroid. 

Discussion 
The 'cirde' of Haller and Zinn is a micro
scopic arteriolar intrasderal anastomosis 
formed by branches medially and laterally of 
para-optic short posterior ciliary arteries. It 
forms a horizontal ellipse which is clearly div
ided into superior and inferior parts by the 
entry points of a medial and lateral short pos
terior ciliary artery into the eye (Figs. 3,4). It 
is separate from an inconsistent macroscopic 
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A. B. 

c. D. 

Fig. 8. Di agrams showi ng posi ti on of 'circle' of Haller and Zi nn i n  relati on to opti c nerve. A: Ti ghtly apposed. 
B: At some di stance from the opti c nerve. C: Anteri or (i ntrascleral). D: Posteri or (extrascleral). 

extrascleral anastomosis formed by different 
short posterior ciliary arteries (Fig. 5). The 
'circle' of Haller and Zinn supplies the retro
laminar optic nerve via its pial and recurrent 
choroidal branches. The posterior lamina also 
receives a contribution from small arterioles 
off the choroid (Fig. 11). Centripetal and cen
trifugal branches arise posterior to the retro
laminar region, a finding in accordance with 
other studies.IO, 1 1  

The original descriptions b y  Haller12 and 
Zinn13 of an intrascleral anastomosis around 
the optic nerve formed by small short pos
terior ciliary artery branches were derived 
from injection and dissection of human orbital 
specimens (see Fig. 13). The existence of this 
circle has been questioned.6,7, 14-16 Several 
authors have examined the normal blood 
supply of the lamina cribrosa and retrolam
inar optic nerve in man from histopathologi
cal sections of injected specimens/,8 from 
latex casts,16,18 and from methyl methacrylate 
casts,19 and report different findings. The pos
terior laminar and retrolaminar optic nerve 
was found to be supplied by branches of a 

complete or incomplete circle of Haller and 
Zinn (with a contribution from choroidal 
arteries)/, 15,19 by branches of short posterior 
ciliary arteries and pial vessels in the absence 
of any circle,8 from an inconsistent and rarely 
complete circle,16 in which case the retrolam
inar region was supplied directly from short 
posterior ciliary arteries in the sclera.6 These 
different observations in man may be attri
buted to normal variation in vascular mor
phology and the different techniques of 
examination. 

In sub-human primates no circle of Haller 
and Zinn has been found.14,15,17,2().22 It is not 
justifiable to use conclusions drawn from sub
human primates as directly relevant to man. 

Macroscopic examination and histopath
ological . serial sectioning are inadequate 
techniques to demonstrate complex three
dimensional intrascleral and intraneural vas
cular anastomoses. Modern vascular casting 
techniques have overcome many of the early 
problems of vascular casting related to unre
liable filling, extravasation and fragility and 
the methods used in this study produced 
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Fig. 9. Scanni ng electron mi crograph showi ng axi al posi ti on of 'circle' anteri or (i ntrascleral) wi th i nferi or 
anastomosi s (empty arrow). recurrent choroidal branches (short soli d arrows) and pi al branches (long arrows) and 
the central retinal artery (star) surrounded by residual opti c nerve capi llaries. From a ri ght eye. Bar = 400 !-1m. 
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Fig. 10. Scanni ng electron photomicrograph showing posteri or axi al posi ti on of 'ci rcle' (partially or totally 
extrascleral) wi th temporal (long soli d arrow) and medi al (empty arrow) short posteri or ci li ary artery branches 
form i nferi or anastomosi s (short soli d arrow). Same left eye as i n  figure 6. Bar = 400 �. 
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Fig.lla. Higher magnification of medial part of inferior anastomosis seen in Figure 10 showing branches; 
recurrent choroidal (long solid arrow), pial vessel arising from the undersurface of the arteriole (short solid arrow) 
to anastomose with retrolaminar optic nerve capillaries. Arteriolar- arteriolar anastomoses are seen between the 
recurrent choroidal branch, the pial vessels and the 'circle'. Bar = 200!1ffl. 
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Fig. lIb. Higher magnification of medial short posterior ciliary artery branches (from the same eye shown in 
Figure 3) where they enter the sclera to form the superior and infeior parts of the 'circle'. Pial branches (solid 
arrows) and small centripetal branches both from the choroid and recurrent choroidal branches (empty arrows) 
enter the laminar and retrolaminar optic nerve. Same right eye as Figure 3. Bar = 200 Ilffl. 

reliable filling at physiological infusion pres
sures using low viscosity resins (in human 
cadaver orbits 36--48 hours post-mortem). In 
this study we employed extensive and syste
matic dissection in a large number of methyl 
methacrylate casts in order to document the 
morphological variations of form, position 
and branches of the 'circle' of Haller and Zinn 
inman. 

Our findings that the 'circle' is an ellipse 
with two anastomoses, superior and inferior, 
formed by the entry points of the short pos
terior ciliary artery branches, not only clar
ifies the vasculature in this region but supplies 
an anatomical' basis for clinical pathology. 
Vascular casting does not directly tell us about 
functional blood flow, but provides a foun-

dation on which our understanding of func
tion is based. 

Structural factors are believed to be impor
tant in the pathogenesis of non-arteritic 
anterior ischaemic optic neuropathy.23-27 The 
purpose of studying the normal vascular anat
omy of the retrolaminar region was to relate 
these anatomical findings to clinical obser
vations in non-arteritic anterior ischaemic 
optic neuropathy, namely the altitudinal pat
tern of visual loss, affecting the inferior-nasal 
field preferentially. 1-3 

If the retrolaminar blood supply is from pial 
branches of the medial and lateral short pos
terior ciliary arteries and from small recurrent 
branches from the choroid,6oS it is perfectly 
justifiable to postulate watershed infarcts ver-
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Fig. 12. Branch (arrow) from i ntraneural central retinal artery (flower) ari si ng approximately 1.5 mm posteri or 
to lamina to anastomose wi th opti c nerve capillari es. Bar = 125 !Jl1l. 
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Fig. 13. Zi nn' s ori gi nal woodcut of the blood supply of the eye based on di ssections showing the posi ti on of the 
'ci rcle' of Haller and Zi nn at (q). Made i n  1755. 

tically at 12 and 6 o'clock. This pattern is not 
seen in clinical practice. We have shown that 
there are pial vessels coming off the 'circle' of 
Haller and Zinn from above and below pro
viding an altitudinal blood supply to the retro
laminar optic nerve. A reduction of perfusion 
pressure in this circulation would result in 
selective infarction and explain the altitudinal 
pattern of visual field loss seen in non-arteritic 
anterior ischaemic optic neuropathy if there 
was a preferential vascular supply to the infer
ior optic nerve. These findings do not provide 
an anatomic explanation for the preferential 
inferior field loss; further quantitative studies 
are in progress to see if there is a preferential 
anastomotic blood supply to the inferior 
retrolaminar optic nerve. 

We are grateful to Robin Howes for technical 

assistance and to Professor Robert Weale for trans
lating from the Latin the relevant sections on the 
blood supply of the retrolaminar optic nerve from 
the book by Zinno 
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