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Fluorescein Angiography of the Optic Nerve Head:
Normal Aspects

S. Piermarocchi

ABSTRACT-fhe f luorescein angiographic character is t ics of  the opt ic  nerve head are descr ibed.  Str ic th re-

lated to the angioarchi tecture of the <rpt ic  nerve head. an explanat ion ofeach angiographic phases is  g iven.  The

Author discusses the permeabilitl features to the dre of the differenî structures of the disc.
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Papi l l i t is .  opt ic  neur i t is .  papi l ledema. ischenr ic  opt ic
neuropathr'. prinrary disc turricrrs are sonìe of the com-
nlonest  c l isorders involv in-s the opt ic  nerre l rcnd (ONH).
Thev are c lu i te  c l i t terent  in  nature but  somet inres not  so
easy to differentiatc. Fluorescein angiographv has intro-
duced a new dimension in  the anatomical .  phvsio logical
and c l in ica l  s tudy of  the ONH. Even thoLr-eh the patho-
genesis of  nrany d iseases ot ' the opt ic  d isc st i l l  renra ins
obscure.  the in t roduct ion of  f luorescein angiograpl i l '  has
been of  cruc ia l  inrpor tancc in  establ ish in. r :  uhat  d is-
orders of perfusion and pelmeabil ity can be the cause of
diseases such as anterior ischemic optic neuropathl,.

The interpretation of an-riographic pictures of the disc
is  usual ly  qui te complex due tc ' l  i ts  pecul iar  nr icrovascu-
lature wi th i ts  great  var iabi l in  even anlons nornra ls .
According to Hayreh ( I ) the ONH can bc i l ir. ' ided into
three lavers:  the lamina cr ibrosa.  the pre lar l inar  regron
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and the superficial nerve fibers layer: behind the lanrina
cribrosa thcre is the retrcllaminar region rr hich tor physi-
o log i ca l  imp l i ca t i ons  can  be  cons ide red  pa r t  o f  t he
ONH.  The  l a r r i na  c r i b rosa  i s  d i rec t l l '  supp l i ed  by '
branches of short posterior cil iar-v arteries and sonre-
t imes l iom branches of  the Zinn-Hal ler 's  c i rc le.  when
present. The prelaminar re-eion is supplied mainly b1'
branches which originate fiom the peripapil lary choroicl:
these vessels have u ty'pical sectorial distribution and cirn
bet ter  be seen on the terrpora l  s ide.  No vessels c t tnt ing
fi 'om central retinal anery can be detected in this la1'er.
The superficial la1'er is nourished by branches of peri-
papil lary retinal arterioles and. less tì 'equently. by' sonre
central artery branches at the site of the disc. The super-
ficial capil laries are connected to the superficial peripap-
i l lary radia l  p lexus.  Contr ibut ions coming f rorn the pre-
laminar  region are a lso seen in th is  superf ic ia l  la ler
(c i l io- ret inal  vessels) .  The ret ro lanr inar  region is  sup-
plied by collaterals of pial vessels u'hich are fèeded by'
the per ipapi l lary choroid.  the Zinn-Hal ler 's  c i rc le and

Fig.  I  (sequent ia l  p ictures).  Note on thc Ìe l i  sorne preJanr inar ar ter ies on the tenrporal  s ide of  the disc.  The choroid is  a lnrost  conlp lete ly f i Ì led.  On
the r ight  the centra l  ret inal  ar ter f  is  being in jected.
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the  :ec to r ia l  d r : I ibu t ion

from branche's of short posterior cil iarl '  arteries. Collat-
erals of central retinal artery have also been described in
this region. The venous blood lkru's tou'lrcl collector
vessels which are t r ibut t r l '  o f  the centra l  ret inal  ve in.
even  though  son le  venoL rs  vesse l s  t r i bu ta r \  o î  t he
choroid ex is t .  thev const i tu te an inrpor tant  shunt  svstenr
between ret inal  ve ins and choroid.  Thus.  i t  is  c lear  that
most of the ONH arterial blood sLrpplv depcnds upon the
shor l  poster i t r r  e i l iar l  uncr ic : .

Technical  innor"at ions on f luorescein angiographl
a l low us tc lday '  to  s tudl '  the nr ìcrovascul l r iz i r t ion of  the
ONH. par-ticularl l '  fronr a dvnamic point ol ' r ' iew. To
avoid pseudot' luorescence. the use ol hi,rhly selcctir"e
fi lters is nlandatory. lf an overlapping in the transrnis-
sion spectrunr clf the two fi l te rs (exciter f i l ter ancl barrier

[ - ig.  3 (sequent ia l  p ictures).  Notc t rn the ìef t  uneven chorrr idr l  f i l l ing.  centru l
sonre prelanr inar vcsscls beconre r isrb lc on the tcnrporr l  s idc of the disc.
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fi lter) exists. non-tluorescent l ight is not prei. 'ented from
reachin-u and erposing the fi lm. $'ith si-snificant loss of
qualitt '  in the an,tiogram. To studl the perfusion charac-
ter is t ics of  the superf ic ia l  and the deeper d isc vascula-
tu re .  r ' ap id  sÈquen t i a l  î undus  pho tog raphs  a re  a l so
usefu l .  The angiographic phases in  thc ONH can be
schemat ica l ly '  summarized as tb l lous:

a. retrolaminar and lanrinar phascs:
b.  pre lani inar  phase:
c superf ic ia l  ret inal  capi l lar l  l i l l ing:

Late phases of the angio-uranr allow us to study the per-
meabil ity clraracteristics to the d1'e at the level of the
ONH.

a.  rc t ro luut iuar  ut r l  lur t t i t tur  phuses:  thesc are the

rct inal  ur tcrr  is  cornpletc ' l r  in lected.  Af ìcr  î i r r  nroÍncnl \  (on the r icht)
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Fig,  . l  tsequent ia l  p ictures),  \ \ ' i th  rhe î i l l in-g of  thL- c! -nrrr l  r r l inal  \ ! ' in
appear conl lÈclL 'd to the per ipapi l ì r r r r  radia l  p lerus.

f i rs t  angiographic mani festat ion af ter  the in ject ion of
f-luorescein. thel' '  preceed the choroidal f lush {occurring
about 8 seconcls afìer inìectrtrrÌ) but iìre \eldonl rtbscrved
because of  the deep krcal izat ion of  the vessels at  th is
level .

b.  the luminar  phuse ( f igs.  I  and 2) :  prev ious phases
are fo l lowed by the pre laminar  f i l l ing:  thc vessels of  th is
re-eion. to ccrnfirm their strict dependence- on tl.tc cho-
ro idal  vascul i ì ture.  beconle ev ident  uhen the per ipapr l -
lary 'c l roro id is  being in iected.  at  the sal l re î inre ot 'or
soon afier the patchy cl.roroidal f i l l ing. Thc prelarrinar
vessels do not  f i l l  s imul taneouslv but  appeal  gathered in
funct ional  uni ts  supply ing s ingle sectors of  the ONH.
The temporal  s ide is  usual lv  seen f i rs t :  i f  prcsent .  a

r l r r r r  s u p e r l i c i a l s n r a ì l r e s " ' l s h e c o n r e v i s i b l u ' a t t l r e l e v e l o f t h e d i s c . T h e r

ci l io- ret inal  ar ter l  becomes e 'u, idcnt  in  th is  phase.  ln
l09i  of  the sub. jects thc '  choroidal  f i l l ing comes af ter  the
ret inal  ar terv i i l l ing t l ig .  3) :  in  th is  ca\e the pre lanl inar
vessels are not  easi ly  seen.

c. super.f ' iciul cupil lart f i11rrr,q (fig. .1): the last phase
concerns the superî ic ia l  ret inal  capi l lar ies f i l l in-e:  these
vessels are sLrppl ied b1 'centra l  ret inal  ar tery and i ts
branches.  but  ther  beconrc r lore ev ident  wi th the f i l l ing
ol ' the per ipapi l lan radi l l  p lexus uhich is  predonr inant lv
venr)us in  nature.

d. luîe plru.;es tl t l tc ungiogrrrr (f ig. -5): in the subse-
quent phases thc l luorescern leaves the choroidal and
ret inal  vessels and sta ins the choroidal  t issue and the
sclera. This results in a backgrouncl f luorescence par-

Fig.5 (sequent ia l  p ictures).  Late phases ot  the angiograrr .  (On the lc f t )  a h lpcr t ìuoresccnt  halo is  r is ib le surroundin, l  the disc.  This is  dLre to
leakage f ìonr the perìpapi l lan chor iocapi l lar is .  At Ìer  l0 n l inutes (on the r ight t  the d1e has entered the opt ic  ncrvc hcad t issue and the disc appears
hy perfluorescent.
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t ially masked by the pigment epitheliurn. Around the
disc a hyperfluorescent halo can be seen because of the
leakage fron.r the peripapil lary choriocapil laris. then the
dye enters l itt le by l itt le the tissue of the ONH. This
diffusion of f-luorescein accounts for the f-luorescence of
the disc visible in the late phases of the an-eiogram. In
normal eyes the capil laries of the ONH (retrolaminar.
laminar. prelaminar and superficial layer) do not allow
the passive transit of substances fron.r the blood because
of  t ight  junct ions between the endothel ia l  ce l ls  (2.3) .
The ONH is surrounded. at the level of the choroid. by a
glial ring (tissue of Jacoby) which allows free passa-ee of
moleculcs from the choroid. This sleeve continues ante-
riorly' to form the glial t issue of Kuhnt u'hich circLrnr-
scribes the ONH at the level of the neuroretina. The glial
ce l ls  of  th is  t issue because of  in tercel lu lar  t i -eht . junct ion.
form a watertight barrier to the passage of substances
from the ONH to the neuroretrna.

These observations underline that. at the level of the
ONH. there is  a physio logical  in terrupt ion of  the b lood-
brain barrier. Even though the precise mcaning of' this

fhct is not well understood as yet. some Authors su-egest
that it can be implicated in the pathogenetic mechanisms
of certain ONH disorders (4).

Therefore. an accurate interpretation of the fluores-
cein an_eiography. through the study of the pertusion
(early phases) and the permeabil ity (late phases) charac-
teristics of disc vessels can give crit ical inforntation to
clarify the clinical aspects of many optic nerve diseases.
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