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Abstract

Purpose 1Tt is well known that many anastomoses can join
the external carotid system and the ophthalmic artery.
However, their frequency has never been reported. Since
they can be relevant for interventional radiologists oper-
ating in the orbit, we decided to illustrate and determine the
frequency of the anastomoses that can be found in children.
Methods A retrospective study of 443 angiographic pro-
cedures (via ophthalmic artery and/or external carotid
artery) carried out on 97 children affected by intraocular
retinoblastoma was made to investigate the arterial anat-
omy of 106 orbits.

Results  Anastomoses were observed in 44.33 % of orbits.
However, their true frequency is likely much higher as the
rate of visualization increased up to 91.11 % of orbits when
the angiographic study was extended to the external carotid
artery. In order of frequency we detected the following
anastomoses: lacrimal artery—middle meningeal artery,
lacrimal artery—anterior deep temporal artery, ophthalmic
artery—middle meningeal artery, ophthalmic artery—fa-
cial artery, supraorbital artery—superficial temporal artery,
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supratrochlear  artery—superficial  temporal artery,
supraorbital artery—middle meningeal artery, dorsal nasal
artery—infraorbital artery, supraorbital artery—zygomati-
coorbital artery, lacrimal artery—zygomaticoorbital artery.
Conclusion When properly searched, anastomoses
between the ophthalmic artery and the external carotid
artery are almost constant in children. Depending on the
clinical scenario, they can represent dangers or valuable
alternative routes for collateral circulations and intraarterial
chemotherapy.

Keywords Ophthalmic artery - External carotid artery -
Angiography - Embolization - Retinoblastoma -
Intraarterial chemotherapy

Introduction

It is well known to angiographists and anatomists that the
territory supplied by the ophthalmic artery (OA) is a sort of
border zone between the internal and the external carotid
systems [10]. In fact, though the OA arises from the
internal carotid artery and acts as the major axis dis-
tributing blood to the intraorbital organs, the blood supply
of the orbit is not always sustained exclusively by the
internal carotid artery. This is due to several anastomoses
that connect the OA (or its collaterals) to branches of the
external carotid artery (ECA). Thus, if in most cases the
blood within the OA runs from the internal carotid artery
with a centrifuge course, sometime the flow can be
reversed depending on the hemodynamic requirements of
the moment or on chronically established vascular
pathologies [4, 8]. Many of these anastomoses have been
frequently reported either in the anatomical or in the
angiographic literature [10, 15, 21, 25, 28]. However, to the
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best of our knowledge, a dedicated and systematic study of
the transorbital anastomotic pathways occurring between
the internal and the external carotid systems through the
OA and its branches has never been carried out. Further-
more, and possibly even more important, data on the fre-
quency of such anastomoses are lacking or they are
incomplete [15]. A more detailed knowledge of the anas-
tomotic pathways joining the OA and the external carotid
system has a great importance for ophthalmologists and
angiographists who want to have a clear picture of the
vascular anatomy of the orbit. It is also important for
interventional radiologists who may want to inject drugs
into orbital arteries to reach specific targets [12, 19, 27] or
may need to treat vascular-related disorders with the
embolization of the external carotid territory [11]. These
considerations prompted us to manage a retrospective
study using angiographic material conserved in our
archives. The material selected from the archives was
restricted to children affected by intraocular retinoblas-
tomas. As the location of the tumors was always confined
within the globe, the pathology was not supposed to alter
the regular orbital hemodynamic.

The angiographies employed in this investigation,
belonging to very young patients, gave us also the chance
to outline an anatomoradiological study of the transorbital
anastomoses as they physiologically occur before the
development of age-related atherosclerotic lesions can alter
the regular orbital hemodynamic. Besides illustrating many
different examples of transorbital anastomotic pathways,
this investigation also provides first systematic data on
their frequency. We believe that this report can be found
useful by interventional radiologists and ophthalmologists
operating in the field.

Materials and methods

The present investigation consists of a retrospective study
of a series of angiographies carried out on patients affected
by intraocular retinoblastoma and selected for intraarterial
injection of antitumoral agents. A selective angiography of
the internal carotid artery and a superselective angiography
of the OA were carried out before and after drug injection.
In some patients the selective angiography of the ECA and/
or the superselective angiography of its branches was/were
also required as the blood flow of the OA was inadequate
for drug infusion. The arterial anatomy of the orbits was
studied to detect all the transorbital anastomotic pathways
occurring between the internal and external carotid systems
and to determine their rate of recurrence. From June 2008
to December 2014, a series of 97 patients (mean age at the
first treatment: 27.84 £ 21.38 months) with 106 eyes
affected by retinoblastoma were selected for intraarterial
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injection of melphalan or melphalan and topotecan. The
parents of all patients gave their informed consent. On the
whole, they underwent a total of 443 pharmacologic pro-
cedures. Before proceeding with the injection of the anti-
tumoral drugs, an acceptable choroidal blush had to be
obtained. To this aim, two different types of angiographic
study were carried out: (i) in many cases a good choroidal
blush had been easily achieved with the mere superselec-
tive angiography of the OA; (ii) in other cases, when the
choroidal blush obtained through the OA was not con-
vincing, the angiographic study had been extended to the
ECA and/or of its rami to look for anastomotic pathways
that allowed the choroidal blush. Accordingly, angio-
graphic examinations were also retrospectively divided
into two groups: group 1 consisted of 61 orbits examined
exclusively through the superselective angiography of the
OA; group 2 gathered 45 orbits in which the angiographic
study was carried out, not only through the OA, but it was
also extended to the ECA and/or its branches. This dis-
tinction was intended to evaluate if different angiographic
approaches were more or less suitable to unveil the anas-
tomoses. For radioprotection, radiographic projections
were almost always limited to the lateral one. Only in three
instances an antero-posterior projection was required for a
better understanding of the orbital vascular anatomy.

Results

Several anastomoses between the internal and the external
carotid systems were observed in the orbit of our young
patients. Listed in order of frequency, we detected the
following connections: lacrimal artery-middle meningeal
artery, lacrimal artery-anterior deep temporal artery, OA-
middle meningeal artery, OA-facial artery, supraorbital
artery-superficial temporal artery, supratrochlear artery-
superficial temporal artery, supraorbital artery-middle
meningeal artery, dorsal nasal artery-infraorbital artery,
supraorbital artery-zygomaticoorbital artery, lacrimal
artery-zygomaticoorbital artery. In addition, though they
do not connect the external and the internal carotid sys-
tems, we observed anastomoses between the meningo-
lacrimal artery and the anterior deep temporal artery.

Overall, we could demonstrate anastomoses in 47 orbits
(44.33 % of cases). However, as 17 orbits (16.04 % of
cases) showed more than one anastomotic pathway, the
total number of anastomoses observed was 70. More in
detail, 2 co-existent anastomotic pathways were observed
in 13 orbits whereas patterns with 3 or 4 anastomoses were
both detected in two orbits.

Depending on their course, anastomoses could be split
into two main categories: anastomoses at the orbital apex,
likely running through the superior orbital fissure, and
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anastomoses located in the anterior orbit. Results are
summarized in Table 1.

Anastomoses at the orbital apex

These anastomoses were the most common (38 cases,
54.28 % of all anastomoses) and always involved the
middle meningeal artery that was connected with the
lacrimal artery in 22 cases, the OA in 15 cases, and the
supraorbital artery in one case. Anastomoses with the
lacrimal artery were achieved by the joining of the sphe-
noid artery (also referred to as orbital branch of the middle
meningeal artery) to the recurrent meningeal branch
(Fig. 1) which is known to pass through the superior orbital
fissure [9, 21, 22]. Overall this anastomosis was found in
20.75 % of orbits; however, when considering the different
types angiographic study the frequency of detection was
37.77 % in group 2 (17 orbits out of 45) and only 8.19 %
(5 orbits out of 61) in group 1.

Direct anastomoses between the middle meningeal
artery and the OA involved an anastomotic channel known
as meningoophthalmic artery [6, 21]. This type of anasto-
mosis was observed in 14.15 % of orbits. Again, when
considering the different types of angiographic study the
frequency of detection was remarkably different: 31.11 %
(14 orbits out of 45) in group 2 and only 1.63 % (1 orbit
out of 61) in group 1. The meningoophthalmic artery
showed a variable caliber (Fig. 2) as it could be a very thin
vessel or such a large vessel to represent, depending on the
circumstances and the direction of the blood flow, a second
OA stemming from the middle meningeal artery, after
Hayreh’s report [15], or a middle meningeal artery arising
from the OA.

The anastomosis connecting the middle meningeal
artery with the supraorbital artery was very similar to
those joining the middle meningeal artery to the lacrimal
artery. However, because of a rare early origin of the
supraorbital artery, the anastomosis ended into this artery

rather than into the lacrimal artery that stemmed more
distally (Fig. 3).

Anastomoses in the anterior orbit

This collection of anastomoses was observed only when the
angiographic study was extended to the ECA (i.e. it was
observed only in the examinations belonging to group 2).
Though they always passed through the anterior orbital
opening or traversed the zygomatic bone, the anastomoses
located in the anterior orbit encompassed several possi-
bilities. The most common anastomotic pathway occurred
between the lacrimal artery and the anterior deep temporal
artery (Figs. 3, 4a—c). Overall we could observe it in 15
cases (14.15 % of orbits). Within group 2, the frequency of
detection was 33.33 % (15 orbits out of 45 orbits). The
anastomosis was realized via the zygomaticotemporal
artery of the lacrimal artery that, piercing the zygomatic
bone, reached the temporal fossa and joined the anterior
deep temporal artery (Fig. 4a—c).

Less frequently, we observed an anastomosis between
the dorsal nasal artery, terminal branch of the OA, and the
angular artery, terminal branch of the facial artery
(Fig. 4d). Unfortunately, due to the intrinsic purposes of
the angiographic examinations which in most cases had not
motive to show the anteriormost course of the OA, this type
of anastomosis was most frequently beyond the borders of
the angiograms or under shielded areas. In spite of such
restrictions, this connection was demonstrated in 4 cases
(3.77 % of all orbits, 8.9 % in group 2) as in these par-
ticular cases it was so well-developed that its hemody-
namic importance required a more detailed investigation.
In addition, in 3 cases the dorsal nasal artery was also
observed as connected with the orbital branch of the
infraorbital artery (Fig. 4a—c) (2.83 % of all orbits; 6.66 %
in group 2).

A collection of additional rarer anastomoses was also
found. In four orbits, the anastomoses involved the frontal

Table 1 Anastomoses found at the orbital apex and in the anterior orbit distributed between the two different groups of angiographic

examinations
Orbital apex Anterior orbit Total
MM-LA MM-AO MM-SOA ADTA-LA AA-DNA JA-DNA STA-SOA STA-SuTA ZOA-LA o SOA
Group 1 5 1 0 0 0 0 0 0 6
Group 2 17 14 1 15 4 2 2 60
Total 22 15 1 15 4 66

Four additional anastomoses connecting the meningolacrimal artery and the anterior deep temporal artery are not listed as they do not join the

external and the internal carotid systems

MM middle meningeal artery, LA lacrimal artery, SOA supraorbital artery, ADTA anterior deep temporal artery, AA angular artery, DNA dorsal
nasal artery, /A infraorbital artery, STA superficial temporal artery, SuTA supratrochlear artery, ZOA zygomaticotemporal artery
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Fig. 1 Anastomosis between the middle meningeal artery and the
lacrimal artery. a Superselective angiography of the sphenoid branch
of the middle meningeal artery; early phase. An anastomosis joins the
sphenoid artery (sph) and the recurrent meningeal branch (rmb)
stemming from the first segment of the lacrimal artery (lac).
b Superselective angiography of the sphenoid branch of the middle
meningeal artery; later phase. The reflux of contrast medium into the
middle meningeal artery (mm) demonstrates the true origin of the

Fig. 2 Three cases of meningoophthalmic arteries (anastomoses
between the middle meningeal artery and the OA) of different
caliber. a, b Case 1; ¢, d Case 2; e-h Case 3. a Superselective
angiography of the middle meningeal artery; early phase. The middle
meningeal artery (mm) detaches an anterior ramus, the meningooph-
thalmic artery (mo) that enters the orbit and joins the OA (oph).
b Superselective angiography of the middle meningeal artery; later
phase. The contrast medium has progressed through the meningooph-
thalmic (mo) artery and diffuses into the OA (oph). ¢ Superselective
angiography of the meningoophthalmic artery; early phase. The
catheter, pushed along the middle meningeal artery, has been placed
into the meningoophthalmic artery (mo) which is seen in all its length.
d Superselective angiography of the meningoophthalmic artery; later

branch of the superficial temporal artery; in half cases the
anastomosis was completed by the supraorbital artery
(Fig. 5a, b), whereas in the other half the frontal branch of
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sphenoid artery (sph). At the same time, the progression of the
contrast medium within the lacrimal artery (lac) injects a muscular
branch (mb) of the lacrimal artery arising opposite to the recurrent
meningeal branch (rmb) and, with a retrograde flow, the OA (oph).
¢ Superselective angiography of the OA. The angiography of the OA
(oph) does not show the lacrimal artery whose blood flow is
retrograde

phase. The contrast medium injected into the meningoophthalmic
artery (mo) medium diffuses directly into the OA (oph). The lacrimal
artery (lac), stemming from the OA, is also visible. e Selective
angiography of the internal carotid artery. The OA is not visible.
f Selective angiography of the ECA. The contrast medium reaches the
OA (oph) with a retrograde flow via a large meningoophthalmic
artery (mo) stemming from the middle meningeal artery (mm).
g Superselective angiography of the meningoophthalmic artery; early
phase. The meningoophthalmic artery (mo) is seen ending directly
into the OA (oph). h Superselective angiography of the meningooph-
thalmic artery; later phase. Once into the OA (oph), the contrast
medium diffuses distally into the branches of the OA including the
lacrimal artery (lac)

the superficial temporal artery was connected with the
supratrochlear artery (Fig. 5c). Overall, each type of
anastomosis (supraorbital artery—superficial temporal
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Fig. 3 Double anastomosis between the middle meningeal artery and
the supraorbital artery and between the anterior deep temporal artery
and the lacrimal artery. a Superselective angiography of the OA. In
contrast to the usual branching pattern, the OA (oph) gives off the
supraorbital artery (so) before detaching the lacrimal artery (lac). An
anastomotic artery (aa) arises from the supraorbital artery. b Selective
angiography of the ECA; early phase. The middle meningeal artery
(mm) detaches an orbital branch (ob) which ends giving off an
anastomotic artery (aa). The anterior deep temporal artery (adt) gives

Fig. 4 a—c Double anastomoses between the anterior deep temporal
artery and the lacrimal artery, and between the infraorbital artery and
the dorsal nasal artery. d Anastomosis between the facial artery and
the dorsal nasal artery. a Superselective angiography of the OA. The
ophthalmic artery OA (oph) has a regular branching pattern which
includes the anterior ethmoidal artery (ae). b Selective angiography of
the ECA; early phase. The anterior deep temporal artery (adt) ends
into the lacrimal artery (lac). At the same time, the infraorbital artery
(io) gives off an ascending branch (aa) that anastomoses with the
dorsal nasal artery (dn). ¢ Selective angiography of the ECA; later
phase. This angiogram confirms the identity of the arteries seen in B.

artery and supratrochlear artery—superficial temporal
artery) was found in 1.89 % of cases. The rate of recur-
rence for each type of anastomosis in group 2 was as high
as 4.44 % of cases (2 orbits out of 45); overall, the
superficial temporal artery was concerned in 8.89 % of
cases of group 2 (4 orbits out of 45).

Two additional cases were anastomoses involving the
zygomaticoorbital artery. The overall frequency of detec-
tion was 1.89 %; however the frequency of detection in
group 2 was 4.44 % (2 orbits out of 45). In one case the
anastomotic pathway was completed by the supraorbital

origin to a lacrimal branch that anastomoses with the lacrimal artery
(lac). ¢ Selective angiography of the ECA; later phase. This
angiogram demonstrates that the anastomotic artery (aa) seen in
a and b is the same vessel joining the orbital branch (ob) of the
middle meningeal artery (mm) and the supraorbital artery (so). The
contrast medium flowing from the anterior deep temporal artery (adt)
through the anastomosis visible also in b diffuses with a retrograde
flow along the lacrimal artery (lac)

The anterior ethmoid artery (ae) (confront with a) becomes visible
since the contrast medium has flowed backwards from the dorsal
nasal artery (dn). The contrast medium from lacrimal artery (lac)
diffuses with a retrograde flow into the OA (oph). The anterior deep
temporal artery (adt) and the anastomotic vessel (aa) of the
infraorbital artery are still visible. d Superselective angiography of
the facial artery. A direct anastomosis between the facial artery (fac)
and the dorsal nasal artery (dn) through the angular artery (ang) is
easily descernible. The OA (oph) is reached by the contrast medium
with a retrograde flow

artery (Fig. 5d—f), in the other case by the lacrimal artery
(Fig. 6).

A meningolacrimal artery (a lacrimal artery arising from
the middle meningeal artery) was observed in 11 orbits.
When present, the meningolacrimal artery was anastomosed
with the anterior deep temporal artery in 4 orbits (36.36 % of
cases) with the same modalities of a regular lacrimal artery.
This anastomosis, however, did not connect the internal and
the external carotid systems. On the whole, an anastomosis
between the meningolacrimal artery and the anterior deep
temporal artery was detected in 3.77 % of all orbits.

@ Springer



84

Surg Radiol Anat (2016) 38:79-87

Fig. 5 a, b Anastomosis between the superficial temporal artery and
the supraorbital artery. ¢ Anastomosis between the superficial
temporal artery and the supratrochlear artery. d—f Anastomosis
between the zygomaticoorbital artery and the supraorbital artery.
a Superselective angiography of the OA. The OA (oph) has a regular
branching pattern which includes the supraorbital artery (so).
b Superselective angiography of the superficial temporal artery. The
superficial temporal artery (st) gives off a descending anastomotic
branch (aa) that joins the supraorbital artery (so) (confront with A).
¢ Superselective angiography of the superficial temporal artery. The
superficial temporal artery (st) gives off an anastomotic branch (aa)

Fig. 6 Anastomosis between the zygomaticoorbital artery and the
lacrimal artery. a Superselective angiography of the superficial
temporal artery. The zygomaticotemporal artery (zo) stems from the
superficial temporal artery via a common trunk with the middle
temporal artery and joins the lacrimal artery (lac) via an anastomotic
branch (aa). b Superselective angiography of the zygomaticotemporal
artery. This angiogram confirms the identity of the lacrimal artery
(lac) seen in A as it acts as a conduit through which the contrast
medium reaches the ophthalmic artery (oph). An anastomosis
between the lacrimal artery and the anterior deep temporal artery
(adt) becomes visible with the contrast medium that descends starting
from the confluence of the anastomotic vessel (aa) of the zygomati-
coorbital artery (zo) with the lacrimal artery
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that joins the supratrochlear artery (sut) and injects with a retrograde
flow the OA (oph). d Superselective angiography of the OA. The OA
(oph) displays a regular pattern of branching which includes the
supraorbital artery (so). e Selective angiography of the ECA; early
phase. The OA (oph) is injected via an anastomosis with the middle
meningeal artery. The supraorbital artery (so) seen in d is also visible.
A zygomaticoorbital artery (zo) stems from the superficial temporal
artery and ascends to give off a descending anastomotic branch (aa).
f Selective angiography of the ECA; later phase. This angiogram
demonstrates that the anastomotic branch (aa) of the zygomaticoor-
bital artery (confront with e) actually joins the supraorbital artery (so)

Bilateral symmetry of the anastomoses

As in 9 subjects the pathology was bilateral, we had the
chance to investigate if the anastomoses showed a
symmetric behavior. Unfortunately data from both sides
were comparable only in three subjects that were studied
bilaterally with the same angiographic approach (super-
selective angiography of the OA plus selective angiog-
raphy of the ECA). In the other six cases one side was
studied only through the OA and could not be compared
reliably with the contralateral orbit. Interestingly, 2
patients out of 3 showed a perfect symmetry: in one
case there were anastomoses on both sides between the
middle meningeal artery and the lacrimal artery and
between the anterior deep temporal artery and the
lacrimal artery; in the second patient there were anas-
tomoses on both sides between the middle meningeal
artery and the ophthalmic artery and between the ante-
rior deep temporal artery and the meningolacrimal
artery.
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Discussion

A good knowledge of the vascular anatomy is required in
several clinical scenarios. The regular anatomy reported in
anatomy textbooks, however, is often not as detailed as it is
sometime required. This is the case of the blood supply of
the orbit whose description is usually restricted to the
branching pattern of the OA and to the minor contributions
coming from the infraorbital and facial arteries [20, 24].
The anastomotic pathways joining the OA and the external
carotid system frequently go unnoticed and even when they
are recalled in more specialized textbooks, their impor-
tance is often overlooked [5]. Even reviews on specialized
journals are not always thorough in dealing with this sig-
nificant issue [11]. For the sake of clarity we summarize in
Fig. 7 the anastomoses observed in our investigation and
that complement the diagrammatic representation drawn by
Hayreh [13, 14]. To Hayreh’s diagram, therefore, we
should add the direct anastomosis between the middle
meningeal artery and the OA (meningoophthalmic artery),
the anastomosis between the middle meningeal artery and
the supraorbital artery, and the connection between the
zygomaticoorbital artery and the supraorbital artery.
Whereas the direct anastomosis between the middle
meningeal artery and the OA has been previously reported
[9, 21], to our knowledge the other two anastomoses are
novel entries in the list of connections between the OA and
the external carotid system. Due to the lack of infiltration to
the globe surface by the retinoblastomas that have been
treated (i.e., still restricted within the eyeball), we are of
the opinion that the anastomoses were in place before the

Fig. 7 Schematic diagram
summarizing the network of
transorbital anastomotic
pathways observed in this study.
The anastomoses are
represented by the double-
pointed arrows. The thickness of
the arrows is proportional to the
number of anastomoses
observed in this investigation.
The arteries connected by the

Anterior deep

anastomoses are encircled by Angular a.

. . . temporal a,
lines whose thickness is also ——
proportional to the number of
anastomotic pathways involving
each given artery

Dorsal nasal
artery

development of the tumors. Furthermore, with the excep-
tion of a couple of cases, all the anastomoses that we
showed have been previously reported in healthy adult
orbits [14], as to say that they can exist regardless the
presence of tumors. However, it is worth to underline that
our survey was carried out on angiographies performed in
orbits affected by neoplastic lesions and that we cannot rule
out completely the possibility that in some cases tumors
might have altered the regular hemodynamic.

As for their frequency, the anastomoses occurring
between the OA and the external carotid system seem to
concern almost 1 orbit out of 2, the overall frequency
encountered in our study being 44.33 % of orbits. How-
ever, the actual frequency is likely much higher. Indeed, at
least one anastomotic pathway could be almost always
demonstrated in the examinations belonging to group 2
where the superselective angiography of the OA was
accompanied by the angiography of the external carotid
artery or by the superselective angiography of its branches.
In contrast, among the examinations collected in group 1,
which gathers angiographic studies carried out exclusively
through the OA, anastomoses could be detected only in 6
cases. Thus, whereas the angiography of the OA alone
seems quite ineffective in unveiling transorbital anasto-
motic pathways between the external and the internal
carotid systems (6 orbits out of 61, 9.83 % of cases), the
combined angiographic approaches (either through the OA
or the ECA) seem extremely efficient for their demon-
stration (41 orbits out of 45; 91.11 % of cases) suggesting
that, when properly searched, transorbital anastomoses are
indeed almost constant at least in children.

External carotid

Ophthalmic

artery
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The high rate of recurrence of these anastomoses has
practical implications for interventional radiologists when,
for instance, they plan embolizations of the external carotid
territory [1, 16, 23] or they have to perform intraarterial
chemotherapy for intraorbital tumors [1, 19, 27]. In the first
case, a careful angiographic study aimed to seek for such
anastomoses should be mandatory to avoid unwelcome
passage of embolic material into the OA and/or, from there,
into the internal carotid territory [2]. In the second case, the
regular local hemodynamic of the OA can be altered by the
flow coming from the ECA [3, 7, 17]. Consequently, to
reach their target, antitumoral drugs may require adminis-
tration routes alternatives to the OA [3, 7, 17, 27]. Poten-
tially, the many anastomoses that we have shown give an
ample variety of chances that goes far beyond the previ-
ously reported infusion into the middle meningeal artery
[17]. When contrast medium infusion into the OA fails, the
possibility to use a distal branch of the external carotid
system to inject antitumoral drugs should be carefully
explored for the treatment of intraocular retinoblastoma.
Actually, sporadic accounts of interventional radiologists
exploiting these pathways have been already reported [3,
7]. Similar considerations can be put forward when the
target of intraarterial chemotherapy is the lacrimal gland
affected by adenoid cystic carcinoma [19, 26]. In this
instance, as the lacrimal artery ordinarily stems from the
OA, the most obvious route to infuse antitumoral agents
should be the OA itself. However, as previously assessed
[18, 28], visualization of the lacrimal artery via the OA can
be difficult because of its numerous anastomoses with the
external carotid system or because it arises from the middle
meningeal artery as a meningolacrimal artery [21]. In such
cases, the angiographic exploration of the anastomoses
occurring between the lacrimal artery and the external
carotid system could be essential to establish the best route
to deliver the drugs. In this context it is of interest to note
that, some way or other, in our survey 42 anastomoses
(60 % of cases) concern the lacrimal artery which results
connected with the middle meningeal artery in 31.43 % of
cases, with the anterior deep temporal artery in 21.42 % of
cases and with the zygomaticoorbital artery in one case.
Connections with the middle meningeal artery are realized
from the proximal segment of the lacrimal artery whereas
all other anastomoses are transmalar and join the artery
soon before its entering the gland. In a way, therefore, we
can certainly affirm that the lacrimal artery occupies a
central position among the vessels connecting the external
carotid system with the OA.

The development of the orbital and ocular blood supply
is quite complex and involves three vessels: the stapedial
artery, the primitive dorsal OA and the primitive ventral
OA. After anastomosing one another, portions of these
arteries regress leaving in place what will be the adult
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pattern [14]. However, because of the many arteries and
anastomoses involved, small derangements from the nor-
mal developmental program give rise to course variations
of the OA as well as to several branching patterns [14, 15].
Incomplete regression of fetal anastomoses can account for
some of the best known anastomotic pathways that are
found after birth [9, 21, 29]. Collectively such anastomoses
are located at the orbital apex encompassing connections
between the lacrimal artery and the middle meningeal
artery through the meningeal recurrent branch, and con-
nections between the OA and the middle meningeal artery
via the meningoophthalmic artery [9, 21]; in both cases the
anastomosis runs through the superior orbital fissure [9].
Anastomotic pathways in this site represent the majority as
they account for 54.28 % of all the anastomoses observed
in this survey (38 out of 70). However, it is worth to
underline that, when looking for anastomotic pathways,
attention should be also focused on the anterior orbit.
Actually, almost half of all anastomoses (45.71 % of cases)
are found in the anterior orbit and they are likely estab-
lished in a later stage of development as they concern the
distal portion of arteries that join one another at the
periphery of their territory of distribution. These anasto-
motic pathways are less frequently acknowledged and
involve branches of the OA running forward in the orbit
(supraorbital, supratrochlear, dorsal nasal and lacrimal
arteries) and connecting some way or other with periorbital
arteries (anterior deep temporal artery, angular artery,
superficial temporal artery, zygomaticoorbital artery, facial
artery) or with the infraorbital artery.

Finally, we have to mention that previously reported
minor anastomoses, including connections between the
ethmoidal arteries and the sphenopalatine artery [11] or
between the palpebral arteries and some periorbital vessels
[15], have not been observed in our study. However, our
angiographic material is worth to give a picture of the cir-
culation occurring in the orbit of children. It is evident that
aging and/or pathological conditions known to alter the
regular hemodynamic can promote the enlargement of such
anastomoses that should not be overlooked in elder patients.
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