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Background: Lack of the relevant data in the literature and possible clinical
significance of the geniculate ganglion vasculature inspired us to examine the
vessels of this ganglion.

Materials and methods: Twelve temporal bones were taken during autopsy and
microdissected. Four geniculate ganglions were taken as well, serially sectioned and
used for haematoxylin-eosin and trichrome staining, and for CD34 immunostaining.
Results: The geniculate ganglion was supplied by the petrosal artery, which averaged
1.1 in number, 0.44 mm in the outer diameter, 0.24 mm in the luminal diameter,
and 17.1 mm in length. The artery approached the greater petrosal nerve, giving
off 1-3 twigs to it with a mean diameter of 24 um, and entered the nerve hiatus
or a small bone opening close to the ganglion. Before the artery continued to the
tympanic segment of the facial nerve, it gave rise to 1 (8.33%), 2 (75.00%) or
3(16.67%) branches to the geniculate ganglion, which ranged in diameter between
18 um and 56 um (mean 29 um). From the formed superficial network, several
twigs penetrated the ganglion and built an intraganglionic plexus. The counting,
performed in microscopic fields, each measuring 341.7 um x 250.0 um in size,
contained between 20 and 38 (mean 28.1) ganglion cells, as well as from 87 to
143 microvessels (mean 99.8), so that the neuron/vessel ratio was 1:3.6.
Conclusions: This is the first detailed examination of the geniculate ganglion va-
sculature. The obtained data could be of clinical importance, especially in relation
to the Bell’s palsy, ganglionitis, geniculate neuralgia, petrous bone imaging, and
operations in the same region. (Folia Morphol 2014; 73, 4: 414-421)
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INTRODUCTION Fig. 6). The blood supply of the labyrinthine, tympanic

The geniculate ganglion is a small collection of the and mastoid segments of the facial nerve was often
somatosensory and gustatory ganglion cells located examined, mainly in relation to the Bell’s palsy and sur-
just in front of the genu of the facial nerve (see later gery in the region of the petrous bone and the adjacent
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areas [2-7, 11, 12, 14, 18]. However, the researchers
rarely focused their attention on the vascularisation of
the geniculate ganglion itself [2, 3, 5, 11].

Since the knowledge about the ganglion vascu-
lature can be important in relation to the haeman-
gioma, Bell’s palsy, ganglionitis, geniculate neuralgia
and, especially, to the microsurgical interventions
in the petrous and surroundings regions [3, 6, 10,
12, 19], we decided to examine the source of the
ganglion supply, the microanatomical features of the
efferent ganglionic vessels, and the intraganglionic
vascular network.

MATERIALS AND METHODS

The examination was carried out in 16 temporal
bones, i.e. in 14 taken from adults (9 males and
5 females aged 36-69 years, mean 52.1) and in 2 from
foetuses of 7 months.

The temporal bones were taken during routine
autopsy after providing approval from authorities of
the Institute of Pathology and the Ethical Committee
of the Clinical Centre, University of Belgrade. None
of the autopsied persons had any disease of the skull
and brain. The bones with the soft tissues of the
underlying infratemporal fossa were cut off using
a fine electric saw. A catheter was inserted into the
lower part of the middle meningeal artery (MMA),
which was injected with a 10% hot mixture of India
ink and gelatine. Each injected specimen was then
immersed in a 10% formaldehyde solution and fixed
for 3 weeks.

Subsequently, the dura mater of the temporal
bone was partially removed. In spite of a very careful
microdissection, 4 specimens were damaged during
the procedure and excluded from the examination.
The petrosal artery and the greater petrosal nerve in
the remaining 12 specimens were carefully dissected
under the stereoscopic microscope (Leica MZ6) using
neurosurgical microinstruments. Photographs were
taken by a digital photo camera (Canon Power Shot
A710). The statistical analysis comprised the mean
values of the obtained data.

In addition, 4 geniculate ganglions of adult per-
sons were taken during autopsy after removing
a thin part of the tegmen tympani with the dura
mater. Each ganglion was immersed in isotonic saline
solution, fixed in 4% buffered formaldehyde, dehy-
drated, embedded in paraffin and sectioned serially
in 5 um thick slides. Every tenth slice was stained with
haematoxylin and eosin, and every 11t one with the

415

Masson trichrome method in a standard manner [9].
Every 12t and 13t slice was prepared for immunohi-
stochemistry [9]. There were 8 such slices altogether.

The latter slices underwent the immunostaining
using the mouse monoclonal primary serum against
CD34 (DAKO A/S, Denmark M 7168). All slices were
treated for antigen retrieval prior to staining. The
slices were stained for the mentioned antigen by
the streptavidin-biotin peroxidase complex method
(Universal LSAB+Kit HPR; DAKO® Cytomation K0679,
Glostrup, Denmark) using as chromogens 3-ami-
no-9-ethylcarbazole (AEC, No. K3469, DAKO®). The
sections were counterstained with Mayer’s haema-
toxylin. The intensity of staining was evaluated se-
miquantitatively by 2 independent investigators. The
intensity of all the slices but one was classified as
strongly positive. Positive and negative tissues were
included as controls in order to determine the spe-
cificity of immunostaining.

The slices were examined under the light micro-
scope (Leica DMLS) and photographed by a digital
photocamera (Leica DFC295). Measurements were
performed using a special software (Leica Interactive
Measurements). Statistical analysis comprised mean
values, as well as standard deviation (SD), standard
error (SE), and a confidence interval in some cases.

RESULTS

We examined the portion of the middle cranial
fossa, i.e. of the anterior (superior) surface of the
petrous part of the temporal bone (Fig. 1). This region
contained anteriorly the MMA emerging from the
foramen spinosum, then part of the internal carotid
artery, the trigeminal ganglion with its 3 divisions,
and the lesser and greater petrosal nerves. Posteriorly
the geniculate ganglion was located, along with the
labyrinthine and tympanic segments of the facial
nerve, as well as the structures of the inner ear (Fig. 1).
The petrosal artery was also noticed in the region
of the petrous bone.

Petrosal artery

Our study revealed that the geniculate ganglion
was supplied by the petrosal artery, which was
present in all the cases (Fig. 2). The artery was
singular in all the 12 (91.67%) specimens, except
in 1 (8.33%) with an additional vessel from a tri-
geminal branch.

The petrosal artery always originated from the
MMA, which was a constant and normally developed
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Figure 1. Drawing of the petrous part (partially cut) of the right
temporal bone in a superior view; 1 — posterior clinoid process;

2 — cavernous segment of the internal carotid artery; 3 — trige-
minal ganglion (partially cut); 4 — foramen spinosum; 5 — middle
meningeal artery; 6 — greater petrosal nerve; 7 — geniculate gan-
glion; 8 — tympanic, 9 — labyrinthine segment of the facial nerve;
10 — cochlear nerve; 11 — cochlea; 12 — dura mater.

Figure 2. Superior view of the right petrous bone (compare to Fig. 1);
1 — trigeminal ganglion; 2 — middle meningeal artery; 3 — petro-
sal artery, which follows the greater petrosal nerve (4) to its hiatus (5);
6 — dura mater (partially removed).
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vessel passing through the foramen spinosum of the
middle cranial fossa (Fig. 1). The outer diameter of the
MMA ranged from 0.5 mm to 1.9 mm, and averaged
1.3 mm. The petrosal artery originated from the initial
intracranial stem of the MMA, immediately above the
foramen spinosum and just lateral to the lesser and
greater petrosal nerves, as well as to the trigeminal
ganglion (Fig. 2).

The petrosal artery is a small vessel, whose outer
diameter averaged 0.44 mm, and the inner (luminal)
diameter only 0.24 mm (Table 1). After taking its ori-
gin from the MMA, the artery coursed posteriorly and
slightly laterally, at an acute angle to the greater petrosal
nerve (Fig. 3), whose diameter ranged between 0.20 mm
and 0.44 mm (mean 0.31 mm). The artery most often
(83.3%) approached the proximal part of the nerve, i.e.
in front of its hiatus (Fig. 3). In these cases, the shortest
distance from the initial part of the artery to the distal
segment of the nerve averaged 3.6 mm (Table 1). The
terminal part or larger portion of the artery was some-
times covered by a thin plate of the bone.

The petrosal artery in 2 (16.7%) specimens appro-
ached the distal part of the petrosal segment of the
nerve, i.e. close to the trigeminal ganglion (Fig. 2).
In these cases, the artery ran along the nerve and
entered its hiatus in the petrous bone. The petrosal
artery averaged 17.1 mm in length (Table 1).

In a single specimen (8.33%) with 2 petrosal arte-
ries, one of them had a typical origin from the MMA,
and it approached the proximal part of the nerve. The
other one, however, arose from a trigeminal artery,
which in turn originated from the MMA. The trige-
minal artery ran along the posterolateral part of the
trigeminal ganglion and, in addition to the trigeminal
twigs, also gave rise to a recurrent petrosal branch
which coursed along the greater petrosal nerve and
gave off small twigs for its supply.

No matter whether the petrosal artery approached
the proximal or distal segment of the greater petrosal
nerve, it always gave off 1 to 3 branches (mean 1.6)
for supplying the nerve (Fig. 3). Some of the branches
followed the nerve toward its distal part, some others
toward its proximal part (Fig. 3). Those twigs ranged
in the outer diameter between 0.012 mm and
0.052 mm (mean 0.024 mm, i.e. 24 um).

Ganglion vasculature

The terminal part of the petrosal artery entered
the hiatus of the greater petrosal nerve in 25.0% of
the cases, in order to reach the geniculate ganglion
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Table 1. Morphometric study of the petrosal artery — range (mean)

Number Outer diameter [mm]

Inner diameter [mm]

Length [mm] Distance [mm]

1-2(1.1) 0.29-0.56 (0.44)

0.11-0.52 (0.24)

12.4-25.9 (17.1) 2.6-4.4 (3.6)

Figure 3. Superior view of the right petrous bone; 1 — trigeminal
ganglion; 2— middle meningeal artery; 3 — petrosal artery;
4 — greater petrosal nerve; 5 — a branch to the petrosal nerve.

and the tympanic segment of the facial nerve. In
other specimens (75.0%), however, it passed through
a small bone opening located anterolateral to the
ganglion. In any case, each petrosal artery coursed
below or just lateral to the ganglion and continued
then along the tympanic segment of the facial nerve.

When the petrosal artery was in a close proximity
to the geniculate ganglion, it gave off 1 (8.33%),
2 (75.00%) (Fig. 4) or 3 (16.67%) branches to the gan-
glion. These twigs ranged in the outer diameter from
0.018 mm to 0.056 mm (mean 0.029 mm). The twigs
ramified soon and formed a network on the surface
of the ganglion (Figs. 4, 5), whose vessels entered
the ganglion tissues.
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Figure 4. Superior view of the right petrous bone; 1 — two bran-
ches of the petrosal artery (2) ramifying over the geniculate gan-
glion (3); 4 — greater petrosal nerve.

The microscopic examination of the intraganglionic
vessels started following a trichrome staining of the
histological slices (Figs. 6, 7). It was noticed that the
larger and smaller individual vessels were filled with
red cells. However, the immunohistochemical method,
using an endothelial marker (CD34), revealed a rich
network of the intraganglionic vessels (Figs. 8, 9).

The microvessels, mainly capillaries and precapilla-
ries, coursed along and around the small groups of the
ganglion neurons (Fig. 8), but the individual capillaries
ran around each singular cell, which was especially
evident at higher magnifications (Fig. 9). The vessels
showed some sporadic local dilations. The number of
the microvessels was counted in each single microsco-
pic field of the 8 slices at x 400 magnification. Each
field, which measured 341.7 um x 250.0 um in size,
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Figure 6. Microphotograph of the genu (1) of the facial nerve, the
intermediate nerve (2), and the geniculate ganglion (3). Note the
blood vessels with red cells (trichrome staining).

Figure 5. Superior view of the left petrous bone; 1 — superficial
vascular network of a foetal geniculate ganglion formed by

a branch (2) of the left petrosal artery (3); 4 — greater petrosal
nerve; 5 — facial nerve; 6 — opened internal acoustic meatus.

contained from 87 to 143 microvessels (mean 99.8).
The microvessels ranged in diameter from 5.47 um to
8.71 um (mean 6.84) and showed SD = =+ 0.56, SE = 0.056,
and lower/upper confidence interval = 6.73/6.95.

We also counted the number of the ganglion
neurons in each field of the mentioned slices. Tho-
se cells ranged between 20 and 38 (mean 28.1) in
number per field.

DISCUSSION
The facial nerve is typically divided into 3 topogra-
phical segments: the labyrinthine (within the initial part
of the facial or Fallopian canal), the tympanic (along
the border with the tympanic cavity) and the masto-
id (along the border between the latter cavity and
the mastoid process) [2, 3, 8, 17, 18]. The geniculate

Figure 7. Larger magnification of the specimen in Figure 6; 1 —

ganglion is located just anterior to the first genu of
the nerve, i.e. between the labyrinthine and tympanic
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geniculate ganglion with numerous ganglion neurons; 2 — facial
nerve; 3 — larger blood vessels with red cells (trichrome staining).
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Figure 8. Microvasculature of the geniculate ganglion at lower
magnification (CD34 immunostaining).

Figure 9. Microvasculature of the geniculate ganglion at higher
magnification. Note numerous capillaries around the ganglion neu-
rons and satellite cells (CD34 immunostaining).

segments of the facial nerve (Fig. 6). While the former
segment is supplied by the labyrinthine (internal audi-
tory) artery from the anterior inferior cerebellar artery,
the mastoid segment is nourished by the stylomastoid
vessel from the posterior auricular or occipital artery,
and the tympanic segment is vascularised by the petro-
sal artery [2, 14, 15, 18]. According to some authors,
there are anastomoses between the stylomastoid and
the petrosal arteries [5, 14, 18].

As regards the geniculate ganglion, it is typically
supplied by the petrosal artery [12, 14]. In the course
of our preliminary examination of the labyrinthine
segment vascularisation, no branch from the internal
auditory artery to the ganglion could be revealed.
Only some tiny anastomotic vessels were noticed in
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2 foetal specimens between the latter artery twigs
and the ganglionic plexus (Fig. 5). On the other hand,
certain authors [14] reported that some branches,
arising from the internal carotid artery within the
carotid canal, occasionally contribute to the supply
of the ganglion.

Petrosal artery

This vessel, which nourishes not only the tympanic
segment of the facial nerve but also the geniculate
ganglion, was identified in the 19t century by the
famous French researcher and clinician Jean Cruveil-
hier [4]. In spite of this, however, many details about
this vessel were not known until recently [12]. Our
results are, in general, similar to the data from the
latter and some other reports [5, 12, 14]. On the other
hand, certain new facts were discovered regarding
this artery and its branches in our study.

The parent vessel of the petrosal artery, that is, the
MMA, which is a branch of the maxillary artery, was al-
ways present and normally developed in our specimens,
and it averaged 1.3 mm in diameter. Only El-Khouly et
al. [12] found a very small MMA in one specimen, which
ended in the petrosal branch, while Clarke [11] noticed
apetrosal vessel to arise from an accessory MMA. Anyway,
ligation of the MMA or embolisation of the maxillary
artery for epistaxis, or administration of an anticancer
drug into the maxillary artery, may compromise the
circulation through the petrosal branch, and thus cause
the facial nerve palsy [6, 18].

A group of the mentioned authors [12] noticed
the petrosal artery to arise below the level of the
foramen spinosum in 4 cases. We found, however,
an intracranial origin of that vessel in all of our spe-
cimens. In the mentioned report and in our study,
a petrosal, or trigeminal branch, was noticed to supply
occasionally both the trigeminal ganglion and the
greater petrosal nerve. Damage to such a vessel may
lead to a functional disorder of both trigeminal and
petrosal nerves [12].

The mean values of the outer diameter and length
of the petrosal artery were similar in both studies:
0.44:0.50 mm, and 17.1:18.0 mm, respectively. The
artery approaches the greater petrosal nerve and
enters its hiatus, or passes through a bone opening in
front and lateral to the geniculate ganglion to reach
the tympanic segment of the facial nerve.

The petrosal artery can be damaged when eleva-
ting the dura from the floor of the middle cranial fossa
during a surgical approach to the trigeminal nerve,
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the Meckel’s cave, the cavernous sinus and internal
acoustic meatus [5, 10, 12]. Similarly, an iatrogenic
injury can also occur while drilling the bone to expose
the internal acoustic meatus. In these cases drilling
should be performed further to the greater petrosal
nerve in order to preserve both the nerve and the
petrosal artery. Even compression of the latter vessel
may cause a dysfunction of the facial nerve [16].
The petrosal artery gives off side twigs along its
course. Only in our study the number and size of the
petrosal artery branches were presented. Thus, the
twigs to the greater petrosal nerve were found to
vary in number between 1 and 3 (mean 1.3), and in
diameter from 0.012 mm to 0.052 mm (0.024 mm).

Ganglion vasculature

Number and diameter of the petrosal artery twigs
to the geniculate ganglion were presented almost for
the first time in our study. Only Clarke [11] reported
them to measure from 60 um to 80 um in diameter.
We found the ganglionic twigs to range in number
from 1 to 3, and in size between 18 um and 56 um.
The twigs usually formed a dense irregular vascular
plexus on the surface of the ganglion. Anyway, these
tiny branches of the surface network entered the
ganglion and formed the intraganglionic vascular
plexus.

We found 99.8 microvessels on average in each
microscopic field, what is more than in some reports,
in which the mean value was 8.5 vessels per field [6].
Some other authors [11], who used a cooper mesh
with 200 squares (each measuring 1/200 part of an
inch), found 12 vessels per square.

The discrepancy between their and our findings
can be explained in several ways. Firstly, the mentio-
ned authors used slices stained with haematoxylin
and eosin, while we applied CD34 immunoreactivity,
which is a very sensitive method for labelling the
endothelial cells of the vessels [1, 9]. Secondly, the
mentioned authors identified only capillaries, whereas
we counted all the microvessels, i.e. both capillaries
and precapillaries. Thirdly, those authors excluded the
connective tissue, while we counted the microvessels
not only around the individual ganglion neurons, but
also in the connective tissue surrounding small groups
of the neurons (Figs. 8, 9). Since we also counted
the number of the ganglion neurons (mean 28.1 per
field), we noticed that the average cell/vessel ratio was
1:3.6. In the other words, each neuron is surrounded
by 3.6 microvessels.
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Obviously, the geniculate ganglion has the richest
microvasculature in the facial nerve region [2, 5, 11].
For instance, the mean capillary density is only 1.5-2.0
per field in the labyrinthine segment of the facial nerve,
2.3-4.0 in the tympanic segment, and 3.3-4.8 in the
mastoid segment [2, 3]. Accordingly, the labyrinthine
and tympanic segments are more vulnerable to is-
chemic damage, which could be, in association with
oedema of the nerve, one of the pathophysiological
mechanisms in patients with Bell’s palsy [2, 3].

Rich blood supply of the geniculate ganglion
is a general feature of the groups of the neuronal
somata in both the peripheral and central nervous
system, because the metabolism rate is much higher
in the neuronal bodies than in their processes, and
so is their blood supply [8, 20]. The functional chan-
ges in the local blood flow in such regions is the
basis for functional magnetic resonance imaging
and similar radiological techniques [20]. In addition,
some authors suggested that the rich ganglionic
vascular plexus could be a predilection site for
a haemangioma [2].

Based on our examination and other authors’
reports, it is evident that the petrosal artery nou-
rishes both the geniculate ganglion and the tympanic
segment of the facial nerve. Therefore, damage or
occlusion of the petrosal artery may compromise the
blood supply of both the ganglion and the tympanic
segment, including the greater petrosal nerve. Conse-
quently, peripheral facial palsy may develop, as well
as sensory loss in a part of the auricle and diminished
gustatory sensation, lacrimation and secretion of the
nasal and palatal glands [17]. There is also the involve-
ment of the ganglion vasculature and neurons in the
ganglionitis, caused by a varicella-zoster virus within
the ganglion, as well as in patients with geniculate
neuralgia [13, 19].

CONCLUSIONS

The geniculate ganglion is supplied by 1 to 3 twigs
of the petrosal artery, which form the superficial and
deep ganglionic vascular plexus. The microvessels
of the plexus surround groups of neurons, but also
the individual cells. This study is the basis for further
examination of the geniculate ganglion from both
the scientific and clinical aspect.
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