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Abstract
Aims—To observe the vascular pattern of
the peripapillary circle of Zinn–Haller in
humans by fundus fluorescein angiogra-
phy.
Methods—307 cases (from 212 patients) of
fundus fluorescein angiograms performed
in patients with myopic degeneration were
evaluated to find the circle of Zinn–Haller
and to observe its fundus fluorescein
angiographic features.
Results—15 cases (from 13 patients) with
the circle of Zinn–Haller were found. It
appeared as concentric or zigzag-shaped
vascular fillings within the temporal cres-
cent region. All cases were observed in
pathological myopia with peripapillary
atrophy and a tilted disc. Each arterial
circle showed variations in location and
shape.
Conclusions—The temporal part of the
circle of Zinn–Haller can be revealed by
fundus fluorescein angiography particu-
larly in pathological eyes with prominent
peripapillary atrophy and a tilted disc.
The morphological variation of this arte-
rial circle should be considered.
(Br J Ophthalmol 1997;81:663–667)

The blood supply of the optic nerve head and
peripapillary choroid has been studied by
many investigators using various techniques,
but the precise microvascular anatomy is still
controversial.1–8 However, it has been the
consistent opinion that the short posterior cili-
ary arteries (SPCAs) are major contributors
supplying the optic nerve head.2–5 8 SPCAs
have a variable origin from the ophthalmic

artery within the orbit. Some SPCAs course
without branching through the sclera directly
into the choroid; others divide within the sclera
to provide branches to both the choroid and
the optic nerve. Often, branches from the
SPCAs form a complete or incomplete circle
within the sclera surrounding the optic nerve:
this arterial anastomosis is the so called circle
of Zinn–Haller (CZH). Although the existence
of an arterial circle has been questioned,2 4 5 9

many reports have described the existence of
this arterial circle and its role in supplying the
optic nerve head and peripapillary
choroid.6–8 10–13

It has been the general consensus that the
intrascleral CZH cannot be appreciated by
fundus fluorescein angiography (FFA) because
of the blocking eVect of retinal pigment epithe-
lium, choroid, and sclera. However, as the
choroidal vessel can be seen clearly in patho-
logical conditions such as high myopia or ocu-
lar albinism, the intrascleral CZH can be
observed by FFA through the thin sclera, espe-
cially when it is accompanied by a tilted disc.
To our knowledge, there have been no reports
describing the angiographic appearance of the
CZH, so we conducted a retrospective investi-
gation of FFAs performed in patients with
myopic degeneration.

Materials and methods
We evaluated retrospectively the medical
records and FFAs of 212 patients (307 eyes)
with pathological myopia, seen at the eye clinic
of Hanyang University Hospital from March
1984 until April 1996. Of these 212 patients,
123 were male and 89 were female. Ages
ranged from 13 to 72 years, with a mean of
39.8 years. All patients underwent colour and
red-free fundus photography, and FFA using a
standard technique. Fundus photographs and
fluorescein angiograms for each patient were
reviewed by two of us (MKK, DSK).
Vascular filling patterns of the peripapillary

region, especially the temporal peripapillary
region, were reviewed. Angiographic evidence
of the CZH was based on the shape, filling
time, continuity, and, most importantly, loca-
tion. The CZH was represented as the definite
concentric or zigzag-shaped continuous vascu-
lar filling located between the optic disc margin
and the temporal crescent margin. The angio-
graphic features of the CZH, including loca-
tion, shape, and presence or absence of the
entry point of the temporal paraoptic SPCA,
were studied.We excluded all cases which were
remarkably out of focus and with equivocal
continuity of vascular filling.

Table 1 Data of patients in whom the circle of Zinn-Haller was revealed

Clinical information Angiographic features

Patient no Eye no
Age
(years) Sex

Eye
(R/L) SE (D) Shape TPSPCA

1 1 33 M R −18.0 Concentric +
2 2 27 M L −7.0 Zigzag equivocal
3 3 43 F R −12.5 Concentric +
4 4 20 M L −19.5 Concentric −
5 5 22 M L −8.5 Concentric +
6 6 26 M L −17.0 Concentric +
7 7 60 F R −22.0 Concentric equivocal

8 60 F L −21.5 Concentric −
8 9 23 F R −12.0 Concentric equivocal
9 10 26 F L −14.0 Concentric +
10 11 66 F R −14.0 Concentric +
11 12 38 F L −15.0 Zigzag equivocal
12 13 43 M R −8.5 Zigzag equivocal

14 43 M L −8.5 Zigzag −
13 15 20 M L −14.0 Zigzag equivocal

SE = spherical equivalent; D = dioptres; TPSPCA = temporal paraoptic short posterior ciliary
artery; + = present; − = absent.
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Results
Of the 307 eyes from 212 patients, the tempo-
ral part of the CZH was found in 15 eyes (5%)
from 13 patients (6%). FFA revealed the CZH
bilaterally in two patients. The refractive error
in the 15 cases ranged from −7.0 dioptres to
−22.0 dioptres (mean 14.13 (SD 4.80) diopt-
res). Table 1 gives the clinical information and
the angiographic features of each case with the
CZH. All cases were from patients with severe
myopic degeneration and tilted disc.

The complete circle could not be observed
by FFA, and we evaluated mainly the temporal
part of the circle.The fundus fluorescein angio-
graphic features of the CZH were as follows:
(1) It was located within the temporal crescent

region although the variability in location
relative to the optic disc could be observed
(Figs 1–10).

(2) It appeared as a concentric vascular filling
in 10 (67%) cases (Figs 1, 3–8) and as a
zigzag-shaped vascular filling in five (33%)
cases (Figs 2, 9, 10) during the choroidal
or arterial phase of FFA.

(3) The entry point of the temporal paraoptic
SPCA from which the CZH might be
divided into upper and lower arcades
could be observed in six (40%) cases (Figs
1, 3, 5, 7, 8), whereas it was equivocal or
absent in nine (60%) cases (Figs 2, 4, 6, 9,
10). The appearance of the entry point
also showed variation, so it appeared near
the optic disc margin (Figs 1, 3, 7, 8) or
even beyond the border of the temporal
crescent (Fig 5).

(4) It was a continuous vascular filling without
interruption so far as we could see (Figs
1–10).

Discussion
It is well known that in myopic degeneration
progressive chorioretinal stretching and atro-
phy produce a temporal crescent in which
white sclera can be seen. If the scleral thinning
and tilted disc, which may cause changes in the
arrangement of the scleral collagen fibres, are
enough to visualise the intrascleral vessel in
this region, it is not impossible to appreciate
the CZH in FFA. Although some investigators
have questioned the existence of this arterial
circle in humans,2 4 5 9 recent reports demon-
strate the existence of the CZH by scanning
electron microscopy performed on human
cadaver eyes.6–8 10 12 13 As far as we know, the
exact FFA appearance of the arterial circle has
not been reported to date.
We incidentally found an interesting vascu-

lar filling that was concentric to and in the
vicinity of the temporal optic disc margin in
fluorescein angiograms of myopic fundus

Figure 1 (A) Fundus photograph of the right eye of
patient 1 with a refraction of −18.0 dioptres shows the
concentric circle of Zinn–Haller near the temporal disc
margin. (B) Arterial phase of fundus fluorescein
angiography shows the temporal part of the circle of
Zinn–Haller (between arrowheads) within the temporal
crescent. Note the entry point of the temporal paraoptic
short posterior ciliary artery (arrow) which forms the upper
and lower vascular arcades.

Figure 2 The left eye of patient 2 with a refraction of
−7.0 dioptres. The arteriovenous phase of fundus
fluorescein angiography shows the zigzag shape of the
temporal part of the circle of Zinn–Haller (between
arrowheads).

Figure 3 The right eye of patient 3 with a refraction of
−12.5 dioptres. The arteriovenous phase of fundus
fluorescein angiography shows the temporal part of the
circle of Zinn–Haller (between arrowheads) within the
temporal crescent. Note the entry point of the lateral
paraoptic short posterior ciliary artery (arrow).
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accompanied by a tilted disc (Fig 1). We
suspected this vessel to be the temporal part of
the CZH and investigated the FFA of patients
with pathological myopia retrospectively to
find out whether the arterial circle really could
be observed in FFA and, if that was true, what
its angiographic features were. We found a
definite temporal part of the arterial CZH in
only 15 of 307 eyes. However, that does not
mean that these vessels are rare in humans
because we excluded all ambiguous cases and
insuYcient myopic degeneration or some other
cause might prevent the appearance of the
CZH on FFA.
There have been many investigations on the

microcirculation in the area of the optic nerve
head and peripapillary choroid in humans and

primates using various techniques.2 3 5–7 10

However, there have been various conclusions,
especially in humans, because of interindi-
vidual variation of angioarchitecture and, more
importantly, diVerent examination methods.
Hayreh5 9 suggested that the CZH was rarely
seen in humans and that it usually tends to be
an incomplete circle when it is present. He also
stressed the centripetal branches of the peri-
papillary choroidal arteries as a main source of
blood supply to the prelaminar region of the
optic nerve. In opposition to Hayreh’s opinion,
many authors have reported the frequent exist-
ence of the CZH and its major contribution to
the circulation of the anterior part of the optic

Figure 4 (A) Fundus photograph of the left eye of patient
4 with a refraction of −19.5 dioptres shows the concentric
circle of Zinn–Haller within the temporal crescent. (B) The
choroidal phase of fundus fluorescein angiography shows
the vascular filling of the temporal part of the circle of
Zinn–Haller. (C) The arterial phase of fundus fluorescein
angiography shows the concentric shape of the circle of
Zinn–Haller (between arrowheads) at the temporal aspect
of the optic disc margin.

Figure 5 (A) Fundus photograph of the left eye of patient
6 with a refraction of −17.0 dioptres shows the temporal
paraoptic short posterior ciliary artery beyond the temporal
crescent margin. (B) The choroidal phase of fundus
fluorescein angiography shows the vascular filling of the
upper and lower arcades of the temporal paraoptic short
posterior ciliary artery. (C) The venous phase of fundus
fluorescein angiography shows the entry point of the
temporal paraoptic short posterior ciliary artery (arrow)
and its upper and lower divisions (between arrowheads).
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nerve and peripapillary choroid under scan-
ning electron microscope by using the micro-
vascular corrosion castings in human cadaver
eyes.6 7 10 12 13 Olver et al 7 12 observed the CZH
in every specimen examined with vascular cor-
rosion castings and they reported that the
CZH was an elliptical circle divided into upper
and lower arcades by the entry points of medial
and lateral paraoptic SPCAs. They described
the positional variation of the arterial circle in
relation to the optic nerve, so it could lie near
or at a distance from the optic nerve. Onda et
al 13 also demonstrated the existence of the
perineural circular anastomosis approximately

200–300 µm posterior to the suprachoroidal
space in 11 of 13 human eye bank eyes.
Because FFA may reveal only the part, espe-

cially the temporal part, of the circle in patho-
logical myopia, our findings are limited to
morphological and functional evaluation of the
complete arterial circle. In this respect, indo-
cyanine green angiography may have advan-
tages over FFA because indocyanine green
angiography can provide better visualisation
not only of normal or pathological choroidal
vasculature but also of retrobulbar vessels in
pathological myopic eyes.14 However, our
results suggest the variability of the CZH in

Figure 6 The left eye of patient 7 with a refraction of
−21.5 dioptres. The early arteriovenous phase of fundus
fluorescein angiography shows the concentric pattern of the
temporal part of the circle of Zinn–Haller (between
arrowheads) and tilted disc.

Figure 7 (A) The left eye of patient 9 with a refraction of
−14.0 dioptres. The choroidal phase of fundus fluorescein
angiography shows the vascular filling of the temporal part
of the circle of Zinn–Haller. (B) The arterial phase of
fundus fluorescein angiography shows the concentric shape
of the circle of Zinn–Haller (between arrowheads) at the
temporal aspect of the tilted disc. Note the entry point of the
temporal paraoptic short posterior ciliary artery near the
temporal optic disc margin (arrow).

Figure 8 (A) Fundus photograph of the right eye of
patient 10 with a refraction of −14.0 dioptres. (B) The
venous phase of fundus fluorescein angiography shows the
upper and lower arcades of the temporal part of the circle of
Zinn–Haller (between arrowheads).

Figure 9 The left eye of patient 11 with a refraction of
−15.0 dioptres. The arterial phase of fundus fluorescein
angiography shows the zigzag shape of the temporal part of
the circle of Zinn–Haller (between arrowheads).
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location and shape. The positional variations of
the circle relative to the optic nerve have
already been documented.7 In many of our
cases, the CZH is located closer to the optic
disc margin than the temporal crescent margin
although the location of the circle on FFA may
be influenced by the degree of disc tilting or
the amount of myopic crescent. We classify the
shape or pattern of the CZH into a concentric
and a zigzag pattern. Further investigation will
be necessary to clarify the clinical implications
of this morphological variations of the CZH.
Here we speculate that the circulatory distur-
bance of the optic nerve head may be related to
the shape of the circle—namely, the concentric
circle will have less chance of insuYciency or
obstruction than the zigzag pattern. Further-
more, the distance between the temporal optic
disc margin and the entry point of the tempo-
ral paraoptic SPCA also shows variation. As
shown in patients 6 and 9, the entry point
could be observed near the optic disc margin
(Fig 7) or beyond the border of the temporal
crescent (Fig 5). Although the above men-
tioned variations of the CZH may not be
representative of the complete circle, we
speculate that the invisible portion of the circle
may have similar configurations as that of the
visible counter portion.
According to an anatomical study, the com-

pleteness of the CZH was about 77% though
this did not mean its functional completeness.12

In our cases, the completeness of the CZH
cannot be evaluated. However, the visible parts

of the arterial circles were continuous in their
course, so it might be possible that the invisible
parts of the circles are continuous. Therefore,
the entire circle could be a complete one with-
out interruption.
Detailed knowledge of the vascular system

supplying the anterior optic nerve may be
essential to understand the possible role of
ischaemia in diseases such as anterior ischae-
mic optic neuropathy, glaucomatous disc
cupping, and other related systemic diseases.
Therefore, the angiographic appearance of the
arterial CZH has some clinical importance
though FFA has limitations in identifying the
complete vasculature. In conclusion, the tem-
poral part of the CZH can be observed by FFA
in high myopia with a tilted disc. It is typically
located within the temporal crescent and has
morphological variations. It may be impossible
to find 360 degrees of the CZH on FFA. How-
ever, if suYcient chorioretinal degeneration
and scleral thinning extend to the nasal side of
the optic nerve, we may have a chance of seeing
the entire circle on FFA.

Presented at the Association for Research in Vision and
Ophthalmology (ARVO), 21–26 April 1996, Fort Lauderdale,
Florida, USA.
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Figure 10 The left eye of patient 12 with a refraction of
−8.50 dioptres. The venous phase of fundus fluorescein
angiography shows the zigzag shape of the circle of
Zinn–Haller (between arrowheads) within the temporal
crescent.
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