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Hochauflésender Ultraschall in der Diagnostik des N. auricularis
magnus — Normalbefund und erste pathologische Befunde
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Abstract

v

Purpose: The great auricular nerve (GAN) is a sen-
sory branch of the superficial cervical plexus.
While its blockade is an established procedure,
little is known about the ultrasound appearance
of pathologic conditions of the GAN itself. We,
therefore, aimed to evaluate the possibility of the
visualization and diagnostic assessment of the
GAN along its entire course by means of high-re-
solution ultrasound (HRUS).

Materials and Methods: To assess the feasibility of
visualization, we performed HRUS with an 18 MHz
probe, HRUS-guided, fine-needle ink markings and
consecutive dissection in six anatomical speci-
mens. Then, we measured the diameter of the
GAN in healthy volunteers and finally performed a
retrospective review of patients referred for HRUS
examinations because of pain within GAN territory
between August 1, 2012 and August 1, 2013.
Results: The GAN was clearly visible with HRUS
from its formation to the final branches, and was
marked successfully on both sides in all anatomi-
cal specimens (n=12). The mean average in-vivo
was 0.14cm £0.03 (range 0.08 - 0.2). Seven cases
of patients with GAN pathologies of various ori-
gins (idiopathic, traumatic, tumorous and iatro-
genic) were identified, of which 6 were visible on
HRUS and all of which could be confirmed by
complete resolution of symptoms after selective
HRUS-guided GAN block.

Conclusion: This study confirms the reliable ability
to visualize the GAN with HRUS throughout its
course, both in anatomical specimens and in vivo.
The provided cases show that pathologies of the
GAN seem to have a variety of causes and may not
be rare. We, therefore, encourage the use of HRUS
in patients with unclear pain in the auricular, peri-
auricular and posterior-lateral head.
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Zusammenfassung

v

Ziel: Der Nervus auricularis magnus (GAN) ist ein
sensibler Ast des Plexus cervicalis superficialis.
Wadhrend seine Blockade eine etablierte Methode
ist, ist wenig bekannt iiber die sonografische Dar-
stellung pathologischer Zustdnde des GAN selbst.
Ziel dieser Studie war es, Visualisierbarkeit und
diagnostisches Potential des hochauflésenden Ul-
traschalls (HRUS) im gesamten Verlauf des GAN
zu evaluieren.

Material und Methoden: Zur Klarung der Visuali-
sierbarkeit wurde eine HRUS-gezielte Markie-
rung der GAN und anschlieende Sektion in sechs
anatomischen Prdparaten durchgefiihrt. Danach
wurde der Durchmesser des GANs bei 10 ge-
sunden ProbandInnen vermessen. Zusdtzlich er-
folgte eine retrospektive Analyse der Patientn-
nen, die zwischen 1. August 2012 und 1. August
2013 aufgrund von Schmerzen im Bereich des
GAN untersucht wurden.

Ergebnisse: Der GAN konnte von seiner Formier-
ung bis in die Enddste verfolgt werden und wurde
in allen anatomischen Prdparaten erfolgreich mar-
kiert (n=12). Der mittlere Durchmesser in-vivo
war 0,14cm 0,03 (0,08-0,2cm). Sieben Patien-
tlnnen mit GAN-Pathologien unterschiedlicher
Genese wurden identifiziert (idiopathisch, trauma-
tisch, tumor-assoziiert und iatrogen), von denen 6
mittels HRUS visualisiert werden konnten und alle
durch vollstindige Remission der Schmerzen nach
HRUS-gezielter, selektiver Blockade des GAN be-
stdtigt werden konnten.

Schlussfolgerungen: Diese Studie bestdtigt die Vi-
sualisierbarkeit des GAN sowohl im anatomi-
schen Prdparat als auch in vivo. Die prdsentierten
Fdlle zeigen, dass das breite Spektrum moglicher
Pathologien des GAN wesentlich haufiger sein
konnte als angenommen. Wir empfehlen eine
HRUS-Abklarung bei PatientInnen mit Schmerzen
im Bereich des Ohres, periaurikuldr und poster-
lateralen Kopfes.
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Introduction

v

The superficial cervical plexus lies beneath the M. sternocleido-
mastoideus, between the Mm. scaleni and the M. levator scapu-
lae. It receives fibers from the C2 and C3 ventral roots, which ul-
timately form the sensory cutaneous nerves including the minor
occipital nerve (C2, C3), the transverse cervical nerve (C2, C3),
the great auricular nerve (GAN) (C2, C3) and the supraclavicular
nerves (C3, C4). These nerves usually perforate the lateral super-
ficial cervical fascia together at Erb's point, i.e. at the crossing of
the posterior margins of the platysma and the sternocleidomas-
toid muscle and run onward subcutaneously [1, 2].

The GAN turns cranially, splits into an anterior and posterior
branch in the majority of cases and supplies the skin of the outer
ear, and the skin posterior to the mastoid process, above the auri-
cle and ventrally the skin over the parotid gland (¢ Fig. 1) [1, 3].
To date, the GAN has been of importance for surgery that involves
the parotid gland or the neck, where its preservation offers a
more beneficial outcome [4, 5], or for blockades in the case of sur-
gical procedures or pain conditions [6 - 8].

Reports on GAN neuropathy are rare and most of these deal
with its involvement in leprosy, where thickening of the GAN
and neuropathic pain in its territory can be the sole symptoms
[9-11]. Occasionally, there are reports of iatrogenic injury
caused by inappropriate positioning during surgery [12, 13].
One case report describes a patient with a chronic daily migrai-
nous headache, starting after endolymphatic shunt surgery.

Fig.1 lllustration showing the course of the GAN. With kind permission
from Jeanette Schulz.

Abb.1 |lllustration des Verlaufs des GAN. Mit freundlicher Genehmigung
von Jeanette Schulz
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Surgical exploration revealed traumatic neuromas of the GAN
and the minor occipital nerve. Resection of the neuromas yiel-
ded complete symptom relief [14].

To date, evaluation of the GAN has been restricted to diagnostic
blockade based on landmarks. However, this has been hindered
by the large variability of its course [1, 15]. Recently, an ultra-
sound-guided infiltration technique was described [16, 17]. How-
ever, high-resolution ultrasound (HRUS) is expected to offer possi-
bilities beyond that: the diagnostic assessment of pathologies and
subsequent targeted therapy. As this was described for the greater
occipital nerve [18] and other small nerves of the neck [19], which
can be assumed to have a comparable diameter, we hypothesized
that GAN pathologies could also be visible with HRUS.

This study, therefore, aimed at: first, confirming the correct identi-
fication of the GAN by HRUS with ink marking and consecutive dis-
section in anatomical specimens; second, providing first measure-
ments of GAN diameter in healthy volunteers and third, the
presentation of cases with GAN pathology as found with HRUS.

Methods

v

Technique of ultrasound examination

HRUS examinations were performed using a GE Logic E9 ultra-
sound platform with high-frequency probes (GE ML 6-15-D, L
8-18i-D). All examinations were performed by examiners experi-
enced in peripheral nerve ultrasound, following a standardized as-
sessment protocol, which started at the posterior border of the
sternocleidomastoid muscle. The probe was moved cranially and
caudally in the transverse view until a structure was identified be-
neath the sternocleidomastoid muscle, which was positioned
around its posterior border and ran cranially onward - which was
presumed to be the GAN. After identification, the nerve was exam-
ined both proximally at the formation of the superficial cervical
plexus as well as distally, following its course up to the division of
the final branches. An example of a normal finding with position-
ing of the ultrasound probe is depicted in© Fig. 2.

The study was approved by the local ethics committee.

Fig.2 Probe position-
ing and normal finding
of the GAN (white ar-
rows) in HRUS with the
nerve below and above
the sternocleidomas-
toid muscle.

Abb.2 Sondenhal-
tung und Normal-
befund des GAN (weile
Pfeile) im HRUS mit
dem Nerven ober- und
unterhalb des Musculus
sternocleidomastoideus
(SCM).
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Fig.3 Example of
finding after dissection
showing intranerval ink
marking of the GAN.

Abb.3 Beispiel eines
Befundes nach Sektion
mit intranervaler Tinte-
markierung des GAN.

Table1 Measurements of GAN diameterin 10 healthy volunteers (given

incm).

no. gender
1 F
2 F
3 F
4 M
5 M
6 F
7 F
8 M
9 M

10 F

age
41
36
46
53
47
48
42
33
34
22

right GAN left GAN
0.18 0.15
0.15 0.15
0.18 0.17
0.11 0.14
0.13 0.16
0.14 0.12
0.10 0.08
0.19 0.20
0.12 0.15
0.11 0.12

Ultrasound in an anatomic specimen

After six randomly selected anatomic specimens in legal custody
of the Department of Systematic Anatomy, Medical University of
Vienna were received, HRUS was performed as described above.
After locating the GAN, a small amount of blue dye (0.1 ml) mixed
with latex was injected adjacent to the nerve. Anatomical dissec-
tion was performed to confirm the exact location of US-guided
dye injection.

Ultrasound in healthy volunteers

Healthy volunteers were recruited via notice at the department
and word-of-mouth acquisition. After written informed consent
was given, the GAN was assessed on both sides and measure-
ment of the diameter was carried out beneath the sternocleido-
mastoid muscle, as it is usually a single nerve trunk there, while
the point of splitting into the anterior and posterior branch var-
ies interindividually.

Ultrasound in patients

Between August 1, 2012 and August 1, 2013 we monitored sev-
en patients who were referred to the Department of Biomedical
Imaging and Image-Guided Therapy, and in whom GAN pathol-
ogy was detected with HRUS. For confirmation of the causative
relationship between GAN pathology and pain, selective HRUS-
guided diagnostic blockade on transverse scan with in-plane
technique of the GAN was performed in all patients with 0.3 ml
of local anesthetic. The point of blockade was chosen proximally
to the suspected lesion, i.e., the point where the GAN winds
around the posterior border of the sternocleidomastoid muscle
in most cases.

Results

v

The GAN was clearly visible within all anatomical specimens, all
volunteers and in all patients.

Table2 Summary of patient histories and HRUS findings of those cases identified at our department.

no. gender age

1 F 63
2 M 42
30M 41
4 F 36
5 F 75
6 M 23
7 F 22

history

after bilateral neck dissection, the patient
developed pain in the lateral head and neck

on the left side

recurrent attacks of pain in the left parieto-
temporal and periauricular region for over

two years, especially during sun exposure
patient suffered a fracture of the left clavicle.
One day after trauma, he developed numbness
of the left cheek and pain in the lateral head
spontaneous development of continuous pain
in the left ear and periauricular region

patient suffered recurrent carcinoma of the

HRUS findings diagnosis

parotid gland and developed strong pain in the
left retroauricular region that was exacerbated
when turning the head

surgery for a cyst on the left lateral neck. Days
after surgery, the patient developed pain
within the innervation territory of the GAN
neurofibromatosis type I, onset of pain in the
right ear and lateral head, spreading down to
the supraclavicular fossa

enlarged GAN on the symptomatic side, entrapment of the GAN in scar tissue
which was discontinued within the scar tissue

slightly larger GAN on the symptomatic side  suspected neuritis of the GAN
during its whole course. US-guided block

was successful

distinct and extensive swelling of the GAN traction neuroma of the GAN
that could be followed until entering the par-

otid gland, identified as a traction neuroma

no obvious findings of GAN on affected side, neuropathic pain of the GAN
pulsed radiofrequency was successful of unknown origin

infiltration of the GAN by the tumorous mass  tumorous infiltration of the GAN

1.5 cm mass on the sternocleidomastoid iatrogenic GAN transection
muscle in continuity with the GAN, compati-

ble with a stump neuroma

multiple neurofibromas along cervical plexus, neurofibromatosis of the GAN
including the GAN
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Fig.4 a Findings in patient 1, showing an enlarged GAN proximally (both
pictures on the left side). b. Findings in patient 2, showing an enlarged GAN
on the left side compared to the right. c Findings in patient 3, showing a
traction neuroma of the GAN on the left side. d Findings in patient 4, show-
ing normal findings on symptomatic side. e Findings in patient 5, showing
the left GAN in longitudinal view (white arrows), as entering the tumorous
mass (gray arrows). f Findings in patient 6, showing the left GAN in longitu-
dinal view (white arrow), continuing with a stump neuroma (gray arrows). g
Findings in patient 7, showing mutiple neurofibromas within the superficial
cervical plexus, white arrow pointing at GAN (additionally encircled).

In all anatomical specimens the GAN (n=12) was identified, ink
marked and confirmed as successfully identified by dissection
(o Fig.3).

Its normal appearance is usually one hypoechogenic, round dot
in transverse view, with a small surrounding slightly hypere-
choic border. The individual fascicles were not visible in the ma-

Original Article

Abb.4 aBefund Patientin 1 mit einem verdickten GAN proximal (beide
Bilder linke Seite).

b Befund Patient 2 mit einem vergroRerten GAN links verglichen mit rechts.
c Befund Patient 3: Traktionsneurom des GAN links. d Befund Patientin 4
mit unauffalligem GAN auf der symptomatischen Seite. e Befund Patientin
5: GAN longitudinal (weiBe Pfeile) mit Eintritt in den Tumor (graue Pfeile). f
Befund Patient 6 mit GAN longitudinal (weiRer Pfeil) und Stumpfneurom im
Verlauf (graue Pfeile) g Befund Patientin 7 mit multiplen Neurofibromen im
Bereich des Plexus cervicalis superficialis (weiRer Pfeil und eingekreist =-
GAN).

jority of cases with the 18 MHz high-resolution probe. The aver-
age nerve diameter in healthy volunteers was 0.14cm +0.03
(range 0.08 to 0.2) (© Table 1). The maximum detectable side
difference was 0.03 cm.

The histories and HRUS findings for all patients in our depart-
ment who were identified as having GAN pathologies are pres-
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ented in© Table 2 and © Fig.4a-g. This included one patient with
a traumatic neuroma, one with a stump neuroma after surgery,
one with compression of the GAN by scar tissue following sur-
gery, one tumor infiltration, one patient with neurofibromatosis
that affected the superficial cervical plexus including the GAN
and two cases that were classified as idiopathic, as no triggers
could be identified. These two cases included one patient, in
whom a slight swelling of the GAN was suspected over most of
its course and one patient whose GAN did not show any morpho-
logical alterations on HRUS. All cases - as mentioned above - un-
derwent diagnostic selective blockade of the GAN for confirma-
tion of pain origin within its territory.

Discussion

v

This study confirms the ability to reliably identify and evaluate
the GAN with HRUS by ultrasound-guided ink marking and con-
secutive dissection in a series of anatomical specimens. We fur-
ther present first measures of the GAN in healthy volunteers
with a mean diameter of 1.4 mm and seven cases of GAN pathol-
ogies seen at our department, confirmed by selective GAN block-
ade, after which patients experienced complete symptom relief
within minutes.

Following the rule of assessment for small, superficially running
nerves - that a sweeping view is much better for detection than a
static US image [20] - the GAN is rather easy to detect compared
to other small nerves in this region. The posterior border of the
sternocleidomastoid muscle as the main landmark is easily asses-
sed clinically and also shows a distinct, drop-like shape on the
transverse view. After identification, only a rather small area
needs to be examined and, with some experience, the time re-
quired for assessment should not exceed 15 minutes for each
side, including diagnostic and/or therapeutic blockade.
Concerning possible pathologies, there seems to be a rather
broad spectrum that can be expected, including idiopathic, iatro-
genic, traumatic or tumorous infiltration.

Two of our patients underwent surgery of the neck, which was
followed by pain within the GAN territory. In the patient with
entrapment of the GAN in scar tissue after neck dissection (Pa-
tient 1), resection may have been inevitable, as the GAN may
also have been infiltrated. In the patient with iatrogenic transec-
tion of the GAN after surgery because of a neck cyst (Patient 6),
however, the GAN could have been preserved. Neuromas after
neck dissection were reported in 2.7% of the patients [21] and
must be differentiated from recurrent lymphadenopathy, which
was recently reported to be successfully achieved with sonogra-
phy [22], thereby avoiding additional surgery. The literature sug-
gests that neck surgery with the preservation of the GAN is pre-
ferable, whenever possible, as it does not result in a higher risk of
disease recurrence in carcinomas [4, 5].

In the patient with traction trauma of the GAN (Patient 3), this
seemed to have occurred when the clavicle was fractured, as
HRUS showed a circumscribed traction neuroma at the point
where the GAN winds around the posterior border of the sterno-
cleidomastoid muscle. We suspect that this can happen when the
head is forcefully turned to the other side and the ventral should-
er girdle is pulled downward.

Wherever present, HRUS can easily detect focal nerve pathology,
such as neurofibromatosis of the GAN (Patient 5) or tumorous in-
filtration of the GAN (Patient 7).

However, two of the patients showed no obvious reason for GAN
pathology (Patient 2 and Patient 4). They spontaneously devel-
oped pain, with no trauma-related injury. There were no ab-
normalities detectable in otorhinolaryngologic examination or
of the skin of and around the outer ear. The HRUS findings also
differed from the other patients in the group. One patient showed
no swelling throughout the course of the GAN and the other had
no segmental enlargement within the course, but a diffusely en-
larged diameter compared to the contralateral side throughout
the whole course of the GAN. The difference between sides was
bigger than the variation observed in volunteers. However, to
date, as we have no information about natural intra- and inter-in-
dividual variations in the nerve diameter of the GAN for the gen-
eral population, this is only a hypothesis. Suspension of pain after
selective blockade strengthens our idea that detectable differen-
ces in diameters between the two sides are meaningful. The pa-
thogenesis of the nerve swelling was unclear in Patient 4. We are
aware of one paper that dealt with an increased cross-sectional
area in the major occipital nerve in patients with unilateral occi-
pital neuralgia on the symptomatic side, compared to the asymp-
tomatic side [18]. But, this was measured at only one point and
no information was given about the remaining nerve. Also, the
greater occipital nerve is at high risk for compression at no less
than six points throughout its course [23], so this might well
have been only a phenomenon caused by measurement next to
a compression site.

In this study sample, patients with an idiopathic onset showed a
different clinical presentation and did not describe neuralgia, but
rather, constant pain. In addition, these patients showed pain dis-
tribution outside the GAN territory. Case 2, in particular, is there-
fore remarkable, as pain in the ear came with paraesthesias, as
well as pain in the face and unilaterally on the head. We attribute
this to the contribution of sensory C2 fibers to the trigemino-cer-
vical complex in the brain stem [24], where nociceptive afferents
from the trigeminal nerve and C1 to C3 converge, thus causing
the phenomenon of referred pain, which is well known in head-
ache patients. The patient with suspected neuritis of the GAN
(Case 2) is also a cautionary signal, because the symptoms led to
a questionable indication for the extraction of a tooth.

To conclude, we consider HRUS evaluation of the GAN a simple
tool that should be applied whenever: (a) there is a history of
trauma or surgery on the neck or upper thoracic aperture that is
followed by pain in the lateral neck, head, and ear; and (b) when-
ever there is a clinically atypically presentation of unilateral
headache, also involving the ear. As we saw seven patients within
one year, we think that GAN pathology might be quite frequent,
but not yet considered in the differential diagnosis.
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