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Treatment of Frey’s Syndrome

Core features

o Understand the anatomy of the autonomic in-
nervation of the parotid gland and facial skin.

o Frey’s syndrome is secondary to the sympathetic
denervation of sweat glands - the reinnervation
through the auriculotemporal nerve is a second-
ary event.

o The aberrant regeneration theory explains the
physiopathology of Frey’s syndrome; other de-
scribed variants do not represent true Frey’s syn-
drome cases.

« A topographic and quantitative testing for Frey’s
is required prior to its treatment — the ISPH test
described has the majority of desired features.

« Frey’s syndrome incidence after parotidectomy,
without prevention techniques, is 40-80% by
clinical questioning and 80-100% by objective
testing.

o Intradermic botulinum toxin injection is a well-
tolerated and efficient treatment. The recom-
mended dilution is 50 IU/1 ml, inter-injection
distance is 1 cm, and injection volume is 0.1 ml.

Complications to Avoid

B Facial muscle paralysis (rare and reversible com-
plication): inject only intradermally and avoid
injecting toward the midline

M Pain during injection: if bothersome could be
decreased by the prior application of topical anes-
thetic cream
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Introduction

Frey’s syndrome or gustatory sweating and flushing is
characterized by sweating and flushing of the facial skin
during meals [44]. The area involved is on the lateral
aspect of the face and upper neck, usually around the
parotid region. There is no direct relation with chewing
[44]. Once present, the gustatory sweating and flushing
remain unchanged, i.e., there is no spontaneous resolu-
tion, even after numerous years [76].

Frey’s syndrome is named after Dr. Lucia Frey, a neu-
rologist at the University of Warsaw, who published a
landmark paper on the “syndrome du nerf auriculotem-
poral” in 1923 [44], despite the fact that similar cases were
already reported in the nineteenth century [33].

Anatomy and Physiology

During eating, a reflex arc is stimulated leading to in-
creased salivary secretion of minor and major salivary
glands, including the parotid gland. The origin of the af-
ferent limb is at the level of the gustatory papillae of the
oral cavity and oropharynx. The afferent neurons termi-
nate in the nucleus solitarius and project to the inferior
salivary nucleus.

Preganglionic parasympathetic efferent fibers leave the
inferior salivary nucleus and the brain stem with the glos-
sopharyngeal nerve. After passing through the jugular
foramen and the superior and inferior glossopharyngeal
ganglions, the parasympathetic fibers follow the tympanic
(Jacobson’s) nerve. Jacobse’s nerve enters the temporal
bone on its inferior aspect and travels in the inferior tym-
panic canaliculus toward the middle ear cavity. A plexus
is formed on the promontory, but the parasympathetic fi-
bers not supplying the middle ear unite to form the lesser
superficial petrosal nerve. This nerve exits the temporal
bone and travels on the floor of the middle cranial fossa.
The fibers then exit the skull through the foramen ovale
and reach the otic ganglion where they synapse with post-
ganglionic parasympathetic fibers. These postganglionic
parasympathetic fibers then join the auriculotemporal
nerve and reach the parotid gland through its medial as-
pect in the parapharyngeal space. Like all postganglionic
parasympathetic neurons, the neurotransmitter of these
fibers is acetylcholine. The muscarinic receptors of the
parotid gland are of the M3 subtype [21].

The secretion of the parotid gland is controlled pre-
dominantly by the parasympathetic system. In cats,
stimulation of the parasympathetic fibers produces an

important increase of salivary output, while sympathetic
stimulation results only in a discrete increase [111]. In
human volunteers undergoing stapedectomy for otoscle-
rosis, electric stimulation of the tympanic plexus resulted
in an increase of parotid salivary output proportional to
the intensity of the applied current [113].

The sympathetic fibers for the cutaneous vessels and
sweat glands follow the cervical sympathetic chain and a
synaptic relay is found in the sympathetic cervical gangli-
ons. The fibers then follow the periarterial plexuses of the
internal and external carotid arteries and their branches
before joining and following the branches of the trigemi-
nal nerve supplying the cutaneous sensation of the skin
[89, 93]. Thus, for the preauricular skin, these sympa-
thetic fibers also travel within the auriculotemporal nerve.
While the overall organization is described in anatomic
textbooks, the exact pathway is still debatable [143] and
it remains unclear at what exact level of the lower face, a
switch from sympathetic fibers traveling along the inter-
nal carotid artery to sympathetic fibers traveling with the
external carotid artery takes place [32, 93, 143]. It is also
possible that at midface there is some overlap, with double
sympathetic innervation coursing along the trigeminal
nerve and along the external carotid artery [32, 121].

The result of sympathetic activation is increased secre-
tion from sweat glands [116] and vasoconstriction [93].
A vasodilatation role of the parasympathetic facial sys-
tem [17] has been demonstrated [12] and found to follow
the facial nerve and then the greater superficial petrosal
branch [82]. Fibers probably synapse in the sphenopala-
tine ganglion before joining the corresponding branches
of the trigeminal nerve [82], in our case the auriculotem-
poral nerve.

In contradistinction to other postganglionic sympa-
thetic fibers, which are adrenergic, sweat glands have
acetylcholine as the main neurotransmitter [42, 86]. The
cholinergic receptors on sweat glands are muscarinic,
predominantly of the M3 subtype [140] similar to that of
parasympathetic salivary gland nerves.

Pathogenesis of Frey’s Syndrome

André Thomas [135] and later Ford and Woodhall [41]
postulated that the severed parasympathetic fibers to the
parotid gland regenerate along the wrong neurilemmal
sheaths of the sectioned cutaneous sympathetic fibers,
the so-called aberrant regeneration theory. Several ex-
perimental and clinical observations support the aberrant
regeneration theory: (1) auriculotemporal nerve block by
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local anesthetics induces a local anesthesia and an abolish-
ment of gustatory sweating of similar cutaneous distribu-
tion [41, 48]; (2) stimulation of the tympanic plexus results
in sweating in the involved skin area [113]; (3) symptoms
are unaffected by anesthesia of the stellate ganglion, de-
spite the appearance of a temporary Horner syndrome
[30, 41, 48]; (4) in the involved area, there is an impair-
ment of the normal sympathetic function, such as reduced
thermoregulatory sweating [29, 41, 48, 58, 89] and absence
of emotional flushing [29, 41, 58, 89]; (5) a latent period
(minimum 1-2 months [77]) is present between the ini-
tial injury and the appearance of gustatory flushing and
sweating [48, 58, 88, 89, 145]; (6) if patients are followed
sequentially with an appropriate sweat test, the positivity
of the test increases and the involved area progressively in-
creases in size [77, 88]; (7) the symptoms can be abolished
by the local injection of anticholinergic substances such as
atropine [41, 48], as well as botulinum toxin (see below);
(8) a localized hypersensitivity to cholinergic drugs is de-
scribed with mecholine [145], acetylcholine [41, 48], and
pilocarpine [48, 145]; and (9) the syndrome appears after
various lesions or resections of the homolateral cervical
sympathetic chain [29, 58, 89, 102, 145].

The postulated etiology is an aberrant regeneration
of the sectioned parasympathetic fibers normally in-
nervating the parotid gland (Fig. 5.1). The traumatized
fibers lose their parotid targets and regenerate to inner-
vate the vessels and sweat glands of the overlying skin. In
order for this aberrant regeneration to occur, the sym-
pathetic fibers to these vessels and sweat glands have to
be damaged, a frequent event in either parotid surgery
or penetrating parotid trauma. The regular function of
the parotid parasympathetic fibers is to increase salivary
secretion during eating. The activation following aber-
rant regeneration produces an activation of the new
targets during meals, resulting in a local vasodilatation
(“gustatory flushing”) and localized sweating (“gusta-
tory sweating”). Despite all these convincing arguments,
the aberrant regeneration remains a hypothesis until the
demonstration of parasympathetic neurons on reinner-
vated sweat glands.

Etiology

Since Frey, emphasis has been placed on the auriculo-
temporal nerve [113] and the regeneration of the para-
sympathetic fibers it contains [41, 135] to explain gusta-
tory sweating and flushing. Although parotidectomy is
the most frequent etiology [35], the syndrome has been
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Fig. 5.1: Schematic representation of the aberrant regeneration
theory. Top Normal situation. Bottom Situation after superficial
parotidectomy. Symp Sympathetic innervation of sweat glands,
Psymp parasympathetic innervation of the parotid and facial
skin, ATN auriculotemporal nerve, ??? sympathetic nerve, the
exact pathway of which is still unclear (auriculotemporal nerve,
great auricular nerve, perivascular plexuses)

described with other surgical procedures in the parotid
region such as mandibular surgery [54, 72, 138], drainage
of parotid or other local abscesses [6, 50, 98, 103, 107,
144] and neck dissection [56, 84, 99, 133]; with regional
trauma such as mandibular fractures [47, 52, 85, 148] or
penetrating wounds [5, 37]; and with surgery or lesions
of the cervical sympathetic chain [20, 58, 83, 89, 102, 105,
145] (Table 5.1).



Table 5.1. Etiology of Frey’s syndrome

Typical Frey’s syndrome etiologies:

1. Trauma in the parotid region
« Parotidectomy

o Other surgical procedures in the parotid region (mandibular surgery, drainage of parotid abscess, neck dissection)

o Penetrating trauma parotid region
« Closed mandibular fractures

2. Trauma to the cervical sympathetic chain

3. Other aberrant regeneration locations
o Cerebellopontine angle
o Middle ear
» Otic ganglion
4. Autonomic neuropathies
o Diabetic neuropathy

Atypical variants of gustatory sweating:

1. Physiologic
2. Pediatric gustatory flushing

3. Gustatory neuralgia

The development of gustatory sweating after cervical
sympathectomy can only be explained if one is to admit
that the primary event of gustatory sweating is a degen-
eration of the cervical sympathetic neurons. The initial
event is the loss of postganglionic sympathetic neurons
and the resulting denervation of the corresponding facial
sweat glands. Regeneration of parasympathetic fibers,
within the degenerating sympathetic neurilemmal sheets,
is a secondary event although it accounts for the observed
symptoms. If sympathetic degeneration is the primary
event then Frey’s syndrome could occur in any location
where close contact between parasympathetic sialogogue
fibers and sympathetic sudomotor efferents is present.
This perspective allows the explanation of the location of
Frey’s syndrome outside the auriculotemporal nerve ter-
ritory [84], the presence of gustatory sweating away from
the flap elevation area [84], as well as such etiologies as
cervical sympathectomy, diabetic and possibly other au-
tonomic neuropathy [91].

Often in the preantibiotic literature, gustatory sweat-
ing is described as following “parotitis” A closer look at
most of these publications shows that most of the cases
described had had drainage of a parotid abscess, although
in these publications various etiologies were proposed.

The cause of Frey’s syndrome is not the infection but the
surgical drainage. No recent case of gustatory sweating
resulting from parotid infection has been reported.

More bizarre etiologies for facial gustatory sweating,
in single case reports, include herpes simplex of the man-
dibular division of the trigeminal nerve [31], a case of a
large cerebellopontine angle tumor [123], and “gustatory
otorrhea” [115]. These cases could also be explained by
the aberrant regeneration theory, with the locus of cross-
fiber regeneration being at the level of the maxillary di-
vision of the trigeminal nerve [123], at the level of the
middle ear [115], or in the deep portion of the auricu-
lotemporal nerve instead of the parotid space portion of
the auriculotemporal nerve [31]. A similar explanation,
i.e., peripheral parasympathetic sprouting to degenerated
sympathetic fibers, has been offered for the observed fa-
cial, and often neck and upper chest, gustatory sweating
seen in patients with severe diabetic neuropathy [13, 15,
43,59, 65, 134, 139, 142].

A certain amount of “physiologic” gustatory sweat-
ing and flushing can be induced by certain spicy foods
such as chilies in normal subjects [86]. A variation of
the threshold of individual cutaneous regions appears to
be present, since only certain head and neck areas are
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found to respond in a given individual [86]. In contra-
distinction to Frey’s syndrome, this “physiologic” gusta-
tory sweating and flushing is bilateral and usually sym-
metrical [86], similar to physiologic thermal sweating
[109]. In fact the cutaneous distribution of this physi-
ologic gustatory sweating was found to be similar to that
of hyperthermic head and neck sweating and flushing
[86].

The few cases of gustatory sweating in the pediatric age
group that have been described [7, 8, 22, 40, 68, 70, 130,
147] merit careful review because they possibly represent
the only etiology, not easily explained by the aberrant re-
generation theory. The majority of the cases described are
normal children with unilateral [7, 8, 22, 40, 70, 130, 147]
or bilateral gustatory facial flushing [22, 68], without any
sweating. The absence of facial sweating, a hallmark of
Frey’s syndrome, in these cases tends to make us consider
them as variations of normal. Maybe the term “gustatory
flushing syndrome,” as proposed by Kozma and Gabriel
[70], might be more appropriate. Another argument
against accepting these few cases as Frey’s syndrome is
that, with a follow-up of several years, a gradual resolu-
tion of the symptoms occur [22, 70, 95], in contradistinc-
tion to typical gustatory sweating. A final consideration
is the possible role of traumatic forceps delivery, pointed
out by Balfour and Bloom [7] because about half of the
pediatric “gustatory flushing” cases follow a forceps de-
livery [7, 8, 22, 68, 130].

In addition, a “gustatory otorrhea” in a two patients
without any previous pathology has been reported [110,
131].

Recently several cases of facial pain in the territory
of the auriculotemporal nerve have been described [24,
124, 127, 136] and the name “gustatory neuralgia” pro-
posed [124]. Other specific characteristics of gustatory
neuralgia include an electric, burning (neuralgic) pain,
pain distribution in the territory of the auriculotemporal
nerve, triggering of the pain by eating, numbness in the
auriculotemporal territory because of surgery, and lack
of response to anticonvulsant medication [124]. Gusta-
tory neuralgia should be differentiated from classical
Frey’s syndrome because of the absence of sweating and
flushing and because pain is not a symptom in patients
with Frey’s syndrome [30, 38]. The authors describing
this “gustatory neuralgia” refer to the 1979 paper of Ha-
nowell et al. [56] as a justification for the presence of pain
in Frey’s syndrome patients, however Hanowell’s patients
had composite resections and neck dissections which was
probably responsible for the observed pain.

Chapter 5

Investigation of Gustatory Sweating

Since the most troublesome symptom of Frey’s syndrome
is sweating, testing for Frey’s syndrome has in general
been limited to the evaluation of sweating. Only Laage-
Hellmann investigated flushing, and this was done by
simple direct observation and without any quantifica-
tion [74, 77]. We attempted to study skin color changes,
without being convincingly able to demonstrate them in
patients with Frey’s syndrome (Dulguerov, unpublished).
Temperature skin changes were demonstrated in four pa-
tients in one study [64] and another used lactate content
in an attempt to quantify the amount of sweat [79].

Testing for gustatory sweating is, therefore, assessing
the function of eccrine sweat glands. The major function
of sweat glands in humans is thermoregulation [118].
About 2-4 million sweat glands are distributed over the
entire human body with a density varying from 60 glands/
cm? on the back to 600 glands/cm? on the palms and soles
[117]. The maximal sweat rate is about 2-20 nl/min per
gland [118]. The face has about 250 glands/cm” and thus
the maximal facial sweat rate should be about 0.5-5 pl/
min per cm” or 5-50 ml/min per m*. Sweat is a hypotonic
solution that contains mainly sodium chloride, potas-
sium, and bicarbonate, as well as certain inorganic com-
pounds such as lactate, urea, and ammonia [116, 118].

Tests of autonomic thermoregulatory function are com-
plex [90] and the measure of sweat output is just one of the
aspects assessed. Tests of sweat output function measure
the production of sweat by a group of sweat glands and
these tests could be classified as: (1) topographic, where
a chemical reaction provides a view of the anatomic lo-
cation of sweat secretion; (2) electric, where a change of
skin impedance by the humidity of sweat is measured;
and (3) thermodynamic, where the skin humidity is evap-
orated and a “sudometer” measures the thermal mass of
the air stream [90]. Advantages of the electric and ther-
modynamic tests include the possibility of repeated and
dynamic measures, while topographic tests give a better
representation of surface and anatomic distribution.

The ideal test method for gustatory sweating should
provide topographic information and quantification of
the amount of sweating. While dynamic measures might
be interesting in investigational studies, their use in clini-
cal practice is of limited value. Further characteristics
of the test should include: (1) simplicity (one-step); (2)
sensitivity; (3) reliability; (4) adequate dynamic range, so
that different sweating rates could be appreciated; (5) ab-
sence of toxicity and allergenicity of the agents used; (6)
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easy removal from the skin of the applied agents; and (7)
low cost [36, 117].

The most frequently used method of sweat secretion
assessment for gustatory sweating was originally de-
scribed by Victor Minor, a Russian neurologist [96]. The
original solution described contains 1.5 g iodine, 10 g
castor oil, and 88.5 g of absolute alcohol and is painted on
the skin to be tested. Actually, any colored iodine solution
used for disinfections, such as Betadine, will work [49].
After drying, the areas are powdered with starch (regular
baking corn starch works fine). The water in the sweat
produces blue coloring by a reduction reaction of the io-
dine-starch mixture. With limited sweat production, the
apertures of individual sweat glands are marked as small
blue dots, while with larger amounts of sweat secretion
the blue dots are larger and eventually become confluent.
Therefore, the Minor test is seen as a topographic method
allowing accurate mapping of the involved surface.

Disadvantages of the Minor test include the necessary
application of several layers of reagents, the difficulty of
removing the iodine paint, the possible allergy to iodine
[119], and the difficulty of using the method with heavy
perspiration, since the sweat tends to drip down, ob-
scuring the assessment of the more dependently located
skin [36]. While it could be seen as objective, it is not a
quantitative test and therefore might not be suited for the
comparison of two treatments [34, 35]. In addition the
topographic information provided by the Minor test is
cumbersome to use with the newer treatments involving
local intradermal injections, because the applied reagents
should be removed and the skin disinfected prior to in-
jection while maintaining the topographic mapping.

Several modifications of the Minor test have been
proposed but all of these share the inconveniences of the
original test [1, 36]. Randall [109], noting that some pa-
pers have starch coatings, modified the method by using
paper instead of starch, but continued to paint the skin
with the iodine-based mixture. Dole and Thaysen [26]
further simplified the process by the use of paper that was
coated with iodine. Unfortunately this method seems to
have been forgotten until recently [36].

We recently applied two techniques for the evaluation
of gustatory sweating [36]. The blotting paper method
simply uses the difference in weight of a piece of blotting
paper before and after gustatory stimulation. In the io-
dine-sublimated paper histogram (ISPH) method, regu-
lar office paper is sublimated with iodine and acquires
the property of changing color when wetted. The paper is
than digitized and a histogram algorithm applied to mea-

sure the area of color change [36]. A calibration of these
tests with known and appropriate quantities of saline was
performed and an excellent correlation found.

These tests (blotting paper and ISPH) satisfy most of
the requirements of an ideal sweat test: quantitative test,
simplicity, sensitivity, reliability, adequate dynamic range,
absence of toxicity and allergenicity, easy removal from
the skin of the applied agents, and low cost. In addition,
these two tests give complementary data. While the quan-
titative data obtained with the blotting paper method is
excellent, the topographic information is suboptimal. The
topographic data of ISPH technique is excellent, provid-
ing a mirror image of the facial sweating area.

Incidence

The reported incidence of gustatory sweating after paroti-
dectomy is highly variable and “depends on the diligence
with which it is sought and the time-interval from sur-
gery” [132]. The publications of Laage-Hellmann [74-77]
in the late 1950s constitute the first serious attempt to
study this problem. A group of 123 patients who un-
derwent a parotidectomy was evaluated retrospectively
with a questionnaire and clinical testing. On question-
ing, 62% of the patients complained of problems during
eating: 22% had both sweating and flushing, 26% had
sweating only, and 14% had only flushing. When a gusta-
tory stimulus was used, flushing was observed in 92% of
patients, and 98% of patients exhibited a positive Minor
test. Laage-Hellmann [74-77] concluded that gustatory
sweating is an unavoidable sequel of parotidectomy that
is not overtly symptomatic in all patients. The incidence
of clinical and objective gustatory sweating following pa-
rotidectomy in publications using an objective evaluation
technique is summarized in Table 5.2.

The severity of the gustatory sweating was judged mod-
erate by 58% of patients, important by 15%, and embar-
rassing by 27% [74]. Lower percentage of important and
embarrassing symptoms have been found in other studies
[88]. The correlation between the severity of sweating and
intensity of the Minor test was not good [39, 74].

More recently, the clinical severity has been correlated
to the surface involved [79, 88] and to the extent of pa-
rotid surgery (superficial versus total) [46, 53, 79]. There
has been an ongoing debate on the role of the thickness of
the flap raised prior to the actual parotidectomy, as origi-
nally suggested by Singleton and Cassisi [129]. Others
have not substantiated this point of view [88].
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Table 5.2. Incidence of Frey’s syndrome

Incidence
of objective Frey’s

Incidence
of clinical Frey’s

Number

of patients

Laage-Hellman [74] 1958
Kornblut et al. [69] 1974
Gordon and Fiddian [53] 1976
Farrell and Kalnins [39]2 1991
Yu and Hamilton [146] 1992
Allison and Rappaport [2] 1993
Linder et al. [88] 1997
Nosan et al. [104] 1991
Dulguerov et al. [35] 1999
Laskawi et al. [84] 1998
Cavalot [16] 2000

syndrome (%) syndrome (%)

123 62 98
35 43 97
50 34 100
21 14 43
35 6 14
35 83 87
26 43 96
23 44 70
24 53 76
81 63 100
86 47 86

Incidence of Frey’s syndrome in the literature using questioning (clinical) and objective testing. No Frey’s syndrome prevention

techniques were used in these patient cohorts

aFarrell and Kalnins [39] used a modified Minor test with Betadine and four of their patients underwent postoperative radiation

therapy. Modified from Dulguerov et al. [35]

The delay between parotidectomy and the appearance
of gustatory sweating was examined by sequential Mi-
nor tests by Laage-Hellman [77]. The minimal delay was
5 weeks and the median delay for a positive Minor test
was approximately 8 weeks. The test was positive before
patients started to complain about gustatory sweating. In
some patients, the test became positive at 9 months and
in less then 1% of patients did gustatory sweating appear
after 1 year. While most other authors [84, 88] have con-
firmed this timeframe, clinical manifestation of gustatory
sweating have been reported to appear up to 8.5 years af-
ter parotidectomy [60].

Available Treatments

The treatment modalities proposed for gustatory sweat-
ing can be classified in five main groups: (1) external ra-
diotherapy; (2) local or systemic application of anticho-
linergic drugs; (3) section of some portion of the efferent
neural arc; (4) interposition of a subcutaneous barrier, as
used for Frey’s syndrome prevention; and (5) injection of
botulinum toxin in the involved skin. Considering that

the symptoms are not always very troublesome, it is im-
portant that the treatment itself does not result in more
serious side effects.

Radiotherapy was first attempted by Needles [101]. In
Laage-Hellman’s studies irradiated patients had a lower
incidence of gustatory sweating [74], with the involved
surface often outside the radiotherapy fields. Similar hints
can be drawn from other publications [4, 23, 88], indicat-
ing that should radiotherapy be indicated, the expected
incidence and severity of gustatory sweating will be low.

The attempts to treat gustatory sweating with systemic
anticholinergic medications [101] were put to rest by the
study of Shelley and Horvath who showed that none of
the substances available could be used in accepted doses
to reduce the sweating produced by 0.1 cc intradermal



injection of pilocarpine [128]. In addition, these authors
showed that local iontophoresis or application of anticho-
linergic drugs such as scopolamine could be used to re-
duce sweating [128]. Laage-Hellman was the first to apply
scopolamine (3% cream) for the treatment of gustatory
sweating [77], with symptom reduction in male and abo-
lition in female patients. The difference was tentatively
explained by a thinner female skin. Double-blind studies,
have shown topical glycopyrrolate [60, 61, 94], aluminum
chloride [11, 63, 122], and diphemanil methylsulfate [80]
to be superior to placebo. Few patients experienced mi-
nor side effects such as dry mouth. However, the popu-
lation in each of these studies was small, and only one
publication is available on patients treated with these
drugs for longer periods [61]. Despite the effectiveness
of these preparations, patients seem, in the long run [88],
to abandon the cumbersome daily application requiring
skin drying with a hairdryer and avoiding shaving for
12 h [132]. In addition, skin wounds or infection, as well
as application to the mucosa of the eyes, mouth, and nose
result in an enhanced absorption and side effects [60].

Section of the auriculotemporal nerve was originally de-
scribed by Leriche for the treatment of traumatic parotid
fistula [87]. Coldwater [19] and more recently Debets and
Munting [25] attempted auriculotemporal nerve section,
with only partial and temporary decrease of the symp-
toms [57]. Also, the access to this deeply located region is
complex and carries the risk of injuring several important
structures, including the facial nerve. At the other end of
the efferent pathway, a division of the intracranial portion
of the glossopharyngeal nerve was done by Gardner and
McCubbin [45], with a good result lasting 5 years in one
patient and a short period of relief in a second one. Be-
cause of the extensive surgery, this therapy has not been
pursued.

Hemenway [62] in 1960 suggested interrupting the
efferent neuronal pathway at the level of the middle ear,
by sectioning the tympanic nerve of Jacobson. The first
such procedure for gustatory sweating was carried out by
Golding-Wood, who named it “tympanic neurectomy”
[51], in three patients with apparently excellent results.
Other authors’ experience [57, 60, 106, 113] has been less
enthusiastic: all patients were initially improved, but a
longer follow-up was associated with recurrence of symp-

toms in most cases. While tympanic neurectomy appears
to be based on solid physiopathologic grounds, does not
seem too risky, and can be done under local anesthesia,
the paucity of recent reports probably attests its lack of
effectiveness.

Sessions et al. [125] pioneered the use of a barrier be-
tween the facial skin and the parotid bed in the treatment
of established Frey’s syndrome. They used the surgical
interposition of a fascia lata graft in four patients with ex-
cellent results. This technique appeared to be effective in
the small group of patients reported [125, 141]. Probably
a major deterrent of its use is the risk of facial nerve pa-
ralysis during reoperation, since the nerve lies just under
the skin after superficial or total parotidectomy. A varia-
tion of this technique with the use of a pedicled temporal
fascia has been reported [114] in a case without prior fa-
cial nerve dissection.

The injection of botulinum A toxin in the skin involved by
gustatory sweating was recently proposed by Drobik and
Laskawi [28]. Following their case report, the technique
has been progressively adopted [3, 9, 10, 16, 28, 34, 38, 55,
73, 78, 81, 84, 100, 108, 137]. Numerous advantages can
be cited for the use of botulinum toxin in the treatment of
Frey’s syndrome. The substance is relatively well known
and has been used for a variety of pathologies in the last
25 years with few side effects [66]. Its use is rather simple
in the office setting, and avoids complex procedures in
the operating room. The only disadvantages are the pain
associated with the needle sticking and the secondary re-
luctance of some patients to be stuck, especially on the
face.

Mechanism of Botulinum Toxin Action

Eight serotypes (A, B, Ca, CB, D, E, F, and G) of botulinum
toxins are produced by different strains of the anaerobic
bacteria Clostridium botulinum of which only four (A, B,
E, and F) are toxic to humans [71]. Although these sero-
types are structurally (dimers of a large 150-kD and light
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50-kD chains) and functionally (acetylcholine release in-
hibition) similar, they represent different pharmacologic
entities because of the differences in membrane receptor
binding sites and intracellular targets.

The action of botulinum toxins is that of highly specific
endopeptidases that cleave cytosol proteins involved in
the fusion of exocytosis vesicles with the cell membrane
[97], with type A toxin acting on synaptosome-associ-
ated protein (SNAP)-25 [14] and type B toxin acting on
vesicle-associated membrane protein (VAMP) [120]. This
action is highly specific for cholinergic synapses because
the specific membrane proteins required for the internal-
ization of botulinum toxins are found only in the presyn-
aptic endings of cholinergic synapses [18]. By blocking
the exocytosis mechanism of the presynaptic terminal,
the release of acetylcholine is inhibited. The synapse re-
mains intact but is non-functional and for neuromuscu-
lar junctions results in muscle paralysis. The recovery of
function is due to collateral sprouting from the same or
other axons and the formation of new synapses.

Practical Aspects

Botulinum toxin A has been approved by the Food and
Drug Administration (FDA) since 1989 and is commer-
cially available as Botox (Allergan, Irvine, CA) and Dys-
port (Speywood Pharmaceuticals, Maidenhead, UK). In
the USA only Botox is available and FDA approved for
muscular dystonia, blepharospasm, and glabellar rhytids.
Type B toxin has more recently become available as Myo-
bloc in the USA and Neurobloc in Europe (Elan Pharma-
ceuticals, San Francisco, CA) and is approved by the FDA
for cervical muscular dystonia [27].

A Botox vial contains 100 IU of botulinum toxin A,
0.5 mg of human albumin, and 0.9 mg of NaCl as a ster-
ile powder that can remain in a refrigerator for at least
24 months. A Dysport vial contains 500 IU of type A
toxin—hemagglutinin complex, 125 g of albumin solu-
tion, and 2.5 mg of lactose in a sterile powder form. Botox
is diluted with 2-5 ml of 0.9% saline solution, while 1 ml
is typically used for Dysport [27]. The solution should
also remain refrigerated and is said to lose potency after
a few hours. Lowe demonstrated that 1 IU of Botox was
approximately equivalent in potency to 4 m.u. of Dysport
for the treatment of hyperfunctional upper facial expres-
sion lines [92], however more recent data seem to indi-
cate a factor of 3 [112].

Chapter 5

The practical considerations for botulinum toxin treat-
ment in Frey’s syndrome include:
Mapping of the facial surface to be treated by a tech-
nique described earlier; we use the ISPH method
because it gives excellent topographic information
without dripping and staining [34]. With any tech-
nique the contour of the area to be injected is drawn
on the patient’s face.
A grid of 1 cm squares is drawn either physically on
the face or an “imaginary” one is created by the physi-
cian. We prefer the latter approach and use the minute
bleeding from the needle puncture sites as guides.
If anesthetic is to be used it should be applied at this
time. Local anesthetic cream (EMLA, Astra, Sweden)
is what we have used occasionally.
The delimited area is injected at sites 1 cm apart which
are infiltrated with 0.1 ml (5 IU) of a solution contai-
ning botulinum toxin at a concentration of 5 IU/0.1 ml
(2 cc per bottle of Botox powder) [34]. The injection
should be strictly intradermal, rising tiny wheals at
each injection site. A light massage of the area is used
for local diffusion.

While a consensus on the exact botulinum toxin injec-
tion modalities for gustatory sweating treatment is lack-
ing, experimental data favor the 10-mm inter-injection
distance and an injection dose of 0.1 ml (Table 5.3). The
10-mm inter-injection distance is supported by the data
of Shaari and Sanders for neuromuscular junctions [126]:
injections 10 mm away from the motor end plate band
of rat tibialis anterior muscle are ineffective in inducing
paralysis. In the same experimental system, increasing
the dose and volume of botulinum toxin resulted in in-
creased paralysis. A 20-fold increase in dose doubled the
paralysis; however, little gain was achieved with injection
doses above 5IU [126]. As far as volume is concerned, a
100-fold increase in volume was necessary to double the
paralysis [126].

Studies on human sweat glands partially support these
data [71]. Small volumes of concentrated botulinum
toxin have the advantage of minimizing the diffusion and
possible side effects. However, if side effects do occur they
would be more disabling because of the higher concen-
tration [126]. We [34] and others [55] used a concentra-
tion of 50 IU/ml, with the idea that a smaller volume of
injection will produce less discomfort and be more effica-
cious. This is probably necessary in zones with intense fa-
cial gustatory sweating. Others [10, 78, 81, 84, 100] have
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Table 5.3. Botulinum toxin treatment of Frey’s syndrome

Year Patients Botox dilution
(U/ml)

Bjerkhoel [10] 1997 14 25
Naumann [100] 1997 45 20
Laccourreye [81] 1998 12 25
Laskawi [84] 1998 19 25
Cavalot [16] 2000 40 25
Dulguerov [34] 2000 16 50
Guntinas-Lichius [55]2 2002 20 25

20 50
Beerens [9]2 2002 13 20
Tugnoli [137]* 2002 17 20
Eckardt [38] 2003 33 ?

Inter-injection Dose per Dose per Maximal
distance (cm)  injection patient (U) dose used
1 0.1 ml 38+12 62.5

1.5 0.05-0.1ml 21+14 72

1 0.1 ml 65 88

2 0.1 ml 31 100

1 0.1 ml g 200

1 0.1 ml 4122 75

1 0.1 ml 3749 ?

1 0.1 ml 62420 ?

2 0.1 ml 25 38

1.5 0.1 ml 25-55 55

1.5 110 16-80 80

Principal characteristics of botulinum toxin injections used for the treatment of Frey’s syndrome. Only publications with more than
10 patients were included. Data from Kuttner et al. [73] were not tabulated because several of the selected parameters could not be

extracted

2The botulinum toxin preparation used was Dysport and the Botox equivalents are approximate, with a presumed equivalence of

1 TU Botox = 4 m.u. Dysport [92]. Modified from Dulguerov [35]

obtained good results with a lower dilution (25 IU/ml),
and this dosage might be advantageous in patients who
have a large surface of gustatory sweating. Guntinas-
Lichius compared two concentrations of botulinum toxin
and found that the higher concentration is associated
with longer recurrence-free intervals [55]. However, a
total dose per patient should remain limited to less than
100 IU per session.

Side Effects

We did not experience any facial paralysis side effects of
the botulinum toxin injection, as reported by others [9, 10,
81]. It is difficult to understand how a strictly intradermal
injection can result in paralysis of facial nerve branches,
because the membrane receptors responsible for the cho-
linergic specificity of botulinum toxins are located only in
the presynaptic terminals and not in nerve fiber trunks.
Therefore, the most plausible explanation of this rare and
partial temporary paresis [9] is an injection deep to the
dermis and/or diffusion to facial motor end plates.

The pain associated with the needle injection was eval-
uated by our patients to be minimal (2/10 on an analog

visual pain scale) [34], a result found also in other studies
[10, 81]. The use of local anesthetic cream (EMLA, Astra,
Sweden) might be tried in the few patients reluctant to
undergo this procedure [10].

Since the various botulinum toxins are foreign pro-
teins it is surprising that the incidence of antibodies and
allergic reaction is low. The development of antibodies
seems related to the amount of protein load injected and
the shortness of the interval between injections [27]. The
incidence was about 5-10% with the original Allergan
batch (#79-11) but has decreases to less than 1% with cur-
rent Botox preparations [27, 67]. There is no overt hyper-
sensitivity reaction but the blocking antibodies result in
decreased effectiveness of the botulinum toxin prepara-
tion. These patients could benefit from botulinum toxin B
or F preparations.

Therapeutic Results

In our and most published series, all patients treated have
a complete resolution of their clinical symptoms. Lower
total doses per patient were used by Arad-Cohen and
Blitzer resulting in the necessity to repeat the injections
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several times prior to obtaining a complete response [3].
In our study, objective testing demonstrated a decrease of
the surface involved from 29+22 cm?, before treatment,
t0 0.6+0.4 cm?, after treatment [34].

The duration of the effect of botulinum toxin on gus-
tatory sweating is rather long lasting, with an average
of 15 months [9, 78, 84]. An actuarial estimate puts the
clinical gustatory sweating recurrence at 1, 2, and 3 years
at 27%, 63%, and 92%, respectively [78]. The severity of
the recurrent Frey’s syndrome was found to be reduced
when compared to that of the initial episode and retreat-
ment with botulinum toxin was still effective [78]. A clear
explanation for this longer timeframe relative to neuro-
muscular indications is lacking, but different possibilities
have been suggested [84], such as an atrophy of the sweat
glands, poor sprouting of autonomic fibers, and increased
scarring impeding regenerating axons.

Take Home Messages

» Frey’s syndrome is an almost unavoidable com-
plication of parotidectomy, if no preventive tech-
niques are employed.

» Frey’s syndrome occurs months to years after sur-
gery and is explained by aberrant regeneration of
parasympathetic sialogogue fibers to cutaneous
sweat glands.

> The treatment of Frey’s syndrome with botu-
linum toxin is effective and is, in experienced
hands, almost free of complications.

References

1. Adie R (1968) Gustatory sweating. Aust N Z ] Surg
38:98-103

2. Allison GR, Rappaport I (1993) Prevention of Frey’s syn-
drome with superficial musculoaponeurotic system inter-
position. Am ] Surg 166:407-410

3. Arad-Cohen A, Blitzer A (2000) Botulinum toxin treat-
ment for symptomatic Frey’s syndrome. Otolaryngol Head
Neck Surg 122:237-240

e

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Armitstead PR, Smiddy FG, Frank HG (1979) Simple
enucleation and radiotherapy in the treatment of the pleo-
morphic salivary adenoma of the parotid gland. Br J Surg
66:716-717

Baddour HM, Ripley JE, Cortez EA, et al. (1980) Treatment
of Frey’s syndrome by an interpositional fascia graft: report
of case. ] Oral Surg 38:778-781

Baillarger M (1853) Mémoire sur loblitération du canal de
Sténon. Gaz Med Paris 23:194-197

Balfour HH Jr., Bloom JE (1970) The auriculotemporal
syndrome beginning in infancy. ] Pediatr 77:872-874
Beck SA, Burks AW, Woody RC (1989) Auriculotempo-
ral syndrome seen clinically as food allergy. Pediatrics
83:601-603

Beerens AJ, Snow GB (2002) Botulinum toxin A in the
treatment of patients with Frey syndrome. Br J Surg
89:116-119

Bjerkhoel A, Trobbe O (1997) Frey’s syndrome: treatment
with botulinum toxin. J Laryngol Otol 111:839-844

Black MJ, Gunn A (1990) The management of Frey’s syn-
drome with aluminium chloride hexahydrate antiperspi-
rant. Ann R Coll Surg Engl 72:49-52

Blair DA, Glover WE, Roddie JC (1961) Cutaneous va-
somotor nerves to the head and trunk. J Appl Physiol
16:119-122

Blair DI, Sagel J, Taylor I (2002) Diabetic gustatory sweat-
ing. South Med J 95:360-362

Blasi J, Chapman ER, Link E, et al. (1993) Botulinum neu-
rotoxin A selectively cleaves the synaptic protein SNAP-25.
Nature 365:160-163

Bronshvag MM (1978) Spectrum of gustatory sweating,
with especial reference to its presence in diabetics with au-
tonomic neuropathy. Am J Clin Nutr 31:307-309

Cavalot AL, Palonta F Preti G, et al. (2000) Post-paroti-
dectomy Frey’s syndrome. Treatment with botulinum toxin
type A. Acta Otorhinolaryngol Ital 20:187-191

Chorobski J, Penfield W (1932) Cerebral vasodilatator
nerves and their pathway from the medulla oblongata, with
observation on the pial and intracerebral vascular plexus.
Arch Neurol Psychiatr 28:1257-1289

Coflield JA, Considine RV, Simpson LL (1994) The site and
mechanism of action of botulinum neurotoxin. In: Jankovic
], Hallett M, editors. (1994) The site and mechanism of ac-
tion of botulinum neurotoxin. ed. New York: Marcel Drek-
ker Inc

Coldwater KB (1954) Surgical treatment of the auriculo-
temporal syndrome. AMA Arch Surg 69:54-57

Cunliffe W7, Johnson CE (1967) Gustatory hyperhidrosis. A
complication of thyroidectomy. Br ] Dermatol 79:519-526



122

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pavel Dulguerov

Dai YS, Ambudkar IS, Horn V], et al. (1991) Evidence that
M3 muscarinic receptors in rat parotid gland couple to two
second messenger systems. Am J Physiol 261:C1063-1073
Davis RS, Strunk RC (1981) Auriculotemporal syndrome
in childhood. Am ] Dis Child 135:832-833

Dawson AK, Orr JA (1985) Long-term results of local exci-
sion and radiotherapy in pleomorphic adenoma of the pa-
rotid. Int ] Radiat Oncol Biol Phys 11:451-455

De Benedittis G (1990) Auriculotemporal syndrome (Frey’s
syndrome) presenting as tic douloureux. Report of two
cases. ] Neurosurg 72:955-958

Debets JM, Munting JD (1992) Parotidectomy for parotid
tumours: 19-year experience from The Netherlands. Br J
Surg 79:1159-1161

Dole VP, Thaysen JH (1953) Variation in the functional
power of human sweat glands. ] Exp Med 98:129-144
Dressler D, Hallett M (2006) Immunological aspects of
Botox, Dysport and Myobloc/NeuroBloc. Eur J Neurol
13(suppl 1):11-15

Drobik C, Laskawi R (1995) Frey’s syndrome: treatment
with botulinum toxin. Acta Otolaryngol 115:459-461
Drummond PD (1994) Sweating and vascular responses in
the face: normal regulation and dysfunction in migraine,
cluster headache and harlequin syndrome. Clin Auton Res
4:273-285

Drummond PD (1995) Mechanisms of physiological gus-
tatory sweating and flushing in the face. ] Auton Nerv Syst
52:117-124

Drummond PD, Boyce GM, Lance JW (1987) Postherpetic
gustatory flushing and sweating. Ann Neurol 21:559-563
Drummond PD, Lance JW (1987) Facial flushing and
sweating mediated by the sympathetic nervous system.
Brain 110 793-803

Dulguerov P, Marchal E Gysin C (1999) Frey syn-
drome before Frey: the correct history. Laryngoscope
109:1471-1473

Dulguerov P, Quinodoz D, Cosendai G, et al. (2000) Frey
syndrome treatment with botulinum toxin. Otolaryngol
Head Neck Surg 122:821-827

Dulguerov P, Quinodoz D, Cosendai G, et al. (1999) Pre-
vention of Frey syndrome during parotidectomy. Arch
Otolaryngol Head Neck Surg 125:833-839

Dulguerov P, Quinodoz D, Vaezi A, et al. (1999) New ob-
jective and quantitative tests for gustatory sweating. Acta
Otolaryngol 119:599-603

Duphenix M (1757) Observations sur les fistules du canal
salivaire de Stenon. Sur une playe compliquée a la joue ou
le canal salivaire fut déchiré. Mem Acad R Chir 3:431-439

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Eckardt A, Kuettner C (2003) Treatment of gustatory
sweating (Frey’s syndrome) with botulinum toxin A. Head
Neck 25:624-628

Farrell ML, Kalnins IK (1991) Frey’s syndrome following
parotid surgery. Aust N Z ] Surg 61:295-301

Feiwel M (1959) Auriculotemporal syndrome. Proc R Soc
Med 52:191

Ford FR, Woodhall B (1938) Phenomena due to misdirec-
tion of regenerating fibers of cranial, spinal, and autonomic
nerves: Clinical observations. Arch Surg 36:480-496

Fox RH, Goldsmith R, Kidd DJ (1962) Cutaneous vaso-
motor control in the human head, neck and upper chest. |
Physiol 161:298-312

Freedman A (1973) Facial sweating after food in diabetes.
Br Med J 3:291

Frey L (1923) Le syndrome du nerf auriculo-temporal. Rev
Neurol 2:92-104

Gardner WJ, McCubbin JW (1956) Auriculotemporal syn-
drome; gustatory sweating due to misdirection of regener-
ated nerve fibers. ] Am Med Assoc 160:272-277

Gavric M (1991) Aurikulotemporalni sindrom kao po-
sledica parotidektomija. Stomatol Glas Srb 37:385-391
Gerbino G, Roccia E Grosso M, et al. (1997) Pseudoan-
eurysm of the internal maxillary artery and Frey’s syn-
drome after blunt facial trauma. ] Oral Maxillofac Surg
55:1485-1490

Glaister DH, Hearnshaw JR, Heffron PE et al. (1958) The
mechanism of post-parotidectomy gustatory sweating (the
auriculo-temporal syndrome). Br Med J:942-946

Glogau RG (2004) Hyperhidrosis and botulinum toxin A:
patient selection and techniques. Clin Dermatol 22:45-52
Goatcher PD (1954) The auriculo-temporal syndrome. Br
Med ] 4873:1233-1234

Golding-Wood PH (1962) Tympanic neurectomy. ] Laryn-
gol Otol 76:683-693

Goodman RS (1986) Frey’s syndrome: secondary to condy-
lar fracture. Laryngoscope 96:1397-1398

Gordon AB, Fiddian RV (1976) Frey’s syndrome after pa-
rotid surgery. Am J Surg 132:54-58

Guerrissi ], Stoyanoft J (1998) Atypical Frey syndrome as
a complication of Obwegeser osteotomy. ] Craniofac Surg
9:543-547

Guntinas-Lichius O (2002) Increased botulinum toxin type
A dosage is more effective in patients with Frey’s syndrome.
Laryngoscope 112:746-749

Hanowell S, Lees DE, MacNamara T (1979) Auriculotem-
poral syndrome after combined modality therapy for can-
cer. South Med J 72:1116-1117



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Treatment of Frey’s Syndrome

Harrison K, Donaldson I (1979) Frey’s syndrome. J R Soc
Med 72:503-508

Haxton HA (1948) Gustatory sweating. Brain 71:16-25
Hayes PC, Tulloch JA (1982) An unusual case of gustatory
sweating. Postgrad Med ] 58:656-657

Hays LL (1978) The Frey syndrome: a review and double
blind evaluation of the topical use of a new anticholinergic
agent. Laryngoscope 88:1796-1824

Hays LL, Novack AJ, Worsham JC (1982) The Frey syn-
drome: a simple, effective treatment. Otolaryngol Head
Neck Surg 90:419-425

Hemenway WG (1960) Gustatory sweating and flushing.
The auriculo-temporal syndrome - Frey’s syndrome. La-
ryngoscope 70:84-90

Huttenbrink KB (1986) Die Therapie des gustatorischen
Schwitzens nach Parotidektomie. Freysches Syndrom. Lar-
yngol Rhinol Otol (Stuttg) 65:135-137

Isogai N, Kamiishi H (1997) Application of medical ther-
mography to the diagnosis of Frey’s syndrome. Head Neck
19:143-147

Janka HU, Standl E, Mehnert H (1979) Clonidine effect on
diabetic gustatory sweating. Ann Intern Med 91:130
Jankovic ], Hallet M (1994) Therapy with botulinum toxin.
New York: Marcel Dekker Inc

Jankovic J, Vuong KD, Ahsan J (2003) Comparison of ef-
ficacy and immunogenicity of original versus current botu-
linum toxin in cervical dystonia. Neurology 60:1186-1188
Johnson IJ, Birchall JP (1995) Bilatral auriculotemporal
syndrome in childhood. Int ] Pediatr Otorhinolaryngol
32:83-86

Kornblut AD, Westphal P, Miehlke A (1974) The effective-
ness of a sternomastoid muscle flap in preventing post-pa-
rotidectomy occurrence of the Frey syndrome. Acta Oto-
laryngol 77:368-373

Kozma C, Gabriel S (1993) Gustatory flushing syndrome.
A pediatric case report and review of the literature. Clin
Pediatr (Phila) 32:629-631

Kreyden OP, Scheidegger EP (2004) Anatomy of the sweat
glands, pharmacology of botulinum toxin, and distinctive
syndromes associated with hyperhidrosis. Clin Dermatol
22:40-44

Kryshtalskyj B, Weinberg S (1989) An assessment for au-
riculotemporal syndrome following temporomandibular
joint surgery through the preauricular approach. J Oral
Maxillofac Surg 47:3-6

Kuttner C, Troger M, Dempf R, et al. (2001) Effektivitat von
Botulinum-toxin A in der Behandlung des gustatorischen
Schwitzens. Nervenarzt 72:787-790

Chapter 5

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Laage-Hellman JE (1957) Gustatory sweating and flush-
ing after conservative parotidectomy. Acta Otolaryngol
48:234-252

Laage-Hellman JE (1958) Gustatory sweating and flush-
ing: aetiological implications of response of separate sweat
glands to various stimult. Acta Otolaryngol 49:363-374
Laage-Hellman JE (1958) Gustatory sweating and flush-
ing; aetiological implications of latent period and mode
of development after parotidectomy. Acta Otolaryngol
49:306-314

Laage-Hellman JE (1958) Treatment of gustatory sweating
and flushing. Acta Otolaryngol 49:132-143

Laccourreye O, Akl E, Gutierrez-Fonseca R, et al. (1999)
Recurrent gustatory sweating (Frey syndrome) after intra-
cutaneous injection of botulinum toxin type A: incidence,
management, and outcome. Arch Otolaryngol Head Neck
Surg 125:283-286

Laccourreye O, Bernard D, de Lacharriere O, et al. (1993)
Frey’s syndrome analysis with biosensor. A preliminary
study. Arch Otolaryngol Head Neck Surg 119:940-944
Laccourreye O, Bonan B, Brasnu D, et al. (1990) Treatment
of Frey’s syndrome with topical 2% diphemanil methylsul-
fate (Prantal): a double-blind evaluation of 15 patients. La-
ryngoscope 100:651-653

Laccourreye O, Muscatelo L, Naude C, et al. (1998) Botuli-
num toxin type A for Frey’s syndrome: a preliminary pro-
spective study. Ann Otol Rhinol Laryngol 107:52-55
Lambert GA, Bogduk N, Goadsby PJ, et al. (1984) De-
creased carotid arterial resistance in cats in response to
trigeminal stimulation. ] Neurosurg 61:307-315

Lance JW, Drummond PD, Gandevia SC, et al. (1988) Har-
lequin syndrome: the sudden onset of unilateral flushing
and sweating. ] Neurol Neurosurg Psychiatry 51:635-642
Laskawi R, Drobik C, Schonebeck C (1998) Up-to-date
report of botulinum toxin type A treatment in patients
with gustatory sweating (Frey’s syndrome). Laryngoscope
108:381-384

Laws IM (1967) Two unusual complications of fractured
condyles. Br J Oral Surg 5:51-59

Lee TS (1954) Physiological gustatory sweating in a warm
climate. ] Physiol 124:528-542

Leriche R (1914) Behandlung der permanenten parotis
Fisteln durch die Entnervung der Speicheldriise Ausreissen
des N. auriculotemporalis. Zentralblatt Chir 41:754-755
Linder TE, Huber A, Schmid S (1997) Frey’s syndrome af-
ter parotidectomy: a retrospective and prospective analysis.
Laryngoscope 107:1496-1501

123



124

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Pavel Dulguerov

List CE, Peet MM (1938) Sweat secretion in man: I'V. Sweat
secretion of the face and its disturbance. Arch Neurol Psy-
chol 40:443-470

Low PA (2003) Testing the autonomic nervous system.
Semin Neurol 23:407-421

Low PA, Vernino S, Suarez G (2003) Autonomic dysfunc-
tion in peripheral nerve disease. Muscle Nerve 27:646-661
Lowe NJ (1998) Botulinum toxin type A for facial rejuve-
nation. United States and United Kingdom perspectives.
Dermatol Surg 24:1216-1218

Matthews B, Robinson PP (1980) The course of post-gan-
glionic sympathetic fibres distributed with the trigeminal
nerve in the cat. ] Physiol 303:391-401

May JS, McGuirt WF (1989) Frey’s syndrome: treatment
with topical glycopyrrolate. Head Neck 11:85-89
Mellinkoff SM, Mellinkoft ] (1950) Gustatory hyperhidro-
sis of the left knee. ] Am Med Assoc 142:901

Minor V (1927) Ein neues Verfahren zu der klinischen
Untersuchung der Schweissabsonderung. Dtsch Z Nerven-
heilkd 101:302-308

Montecucco C, Schiavo G, Tugnoli V, et al. (1996) Botu-
linum neurotoxins: mechanism of action and therapeutic
applications. Mol Med Today 2:418-424

Morfit HM, Kramish D (1961) Auriculotemporal syndrome
(Frey’s syndrome) following surgery of parotid tumors. Am
J Surg 102:777-780

Myers EN, Conley J (1970) Gustatory sweating after radical
neck dissection. Arch Otolaryngol 91:534-542

Naumann M, Zellner M, Toyka KV, et al. (1997) Treatment
of gustatory sweating with botulinum toxin. Ann Neurol
42:973-975

Needles W (1936) The auriculotemporal syndrome. With
a suggestion regarding therapy. Arch Neurol Psychiatr
35:357-360

Nesathurai S, Harvey DT, Schatz SW (1995) Gustatory fa-
cial sweating subsequent to upper thoracic sympathectomy.
Arch Phys Med Rehabil 76:104-107

New GB, Bozer HE (1922) Hyperhydrosis of the cheek as-
sociated with the parotid region. Minn Med 5:652-657
Nosan DK, Ochi JW, Davidson TM (1991) Preservation
of facial contour during parotidectomy. Otolaryngol Head
Neck Surg 104:293-298

Ottomo M, Heimburger RF (1980) Alternating Horner’s
syndrome and hyperhidrosis due to dural adhesions fol-
lowing cervical spinal cord injury: case report. ] Neurosurg
53:97-100

Parisier SC, Binder WJ, Blitzer A, et al. (1978) Evaluation
of tympanic neurectomy and chorda tympanectomy for
gustatory sweating and benign salivary gland disease. Ear
Nose Throat ] 57:213-223

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Payne RT (1940) Pneumococcal parotiditis and antecedent
auriculotemporal syndrome. Lancet i:634-636

Quinodoz D, Dulguerov P, Cosenday G, et al. (1997) Trait-
ement du syndrome de Frey avec la toxine botulinique.
Med Hyg 55:2070-2073

Randall WC, (1946) Sweat gland activity and changing pat-
terns of sweat secretion on the skin surface. Am J Physiol
147:391-398

Redleaf MI, McCabe BF (1993) Gustatory otorrhea: Frey’s
syndrome of the external auditory canal. Ann Otol Rhinol
Laryngol 102:438-440

Richins CA, Kuntz A (1953) Role of sympathetic nerves
in the regulation of salivary secretions. Brain Res
173:471-473

Rosales RL, Bigalke H, Dressler D (2006) Pharmacology of
botulinum toxin: differences between type A preparations.
Eur J Neurol 13(suppl 1):2-10

Ross JA (1970) The function of the tympanic plexus as re-
lated to Frey’s syndrome. Laryngoscope 80:1816-1833
Rubinstein RY, Rosen A, Leeman D (1999) Frey syndrome:
treatment with temporoparietal fascia flap interposition.
Arch Otolaryngol Head Neck Surg 125:808-811

Saito H (1999) Gustatory otalgia and wet ear syndrome: a
possible cross-innervation after ear surgery. Laryngoscope
109:569-572

Sato K (1977) The physiology, pharmacology, and bio-
chemistry of the eccrine sweat gland. Rev Physiol Biochem
Pharmacol 79:51-131

Sato K, Kang WH, Saga K, et al. (1989) Biology of sweat
glands and their disorders. I. Normal sweat gland function.
J Am Acad Dermatol 20:537-563

Sato K, Kang WH, Saga K, et al. (1989) Biology of sweat
glands and their disorders. II. Disorders of sweat gland
function. ] Am Acad Dermatol 20:713-726

Sato KT, Richardson A, Timm DE, et al. (1988) One-step
iodine starch method for direct visualization of sweating.
Am J Med Sci 295:528-531

Schiavo G, Benfenati F, Poulain B, et al. (1992) Tetanus and
botulinum-B neurotoxins block neurotransmitter release by
proteolytic cleavage of synaptobrevin. Nature 359:832-835
Schliack H, Schiffter R, Goebel HH, et al. (1972) Unter-
suchungen zur Frage der Schweissdrusseninnervation im
Bereich des Gesichts. Acta Anat (Basel) 81:421-438
Schmelzer A, Rosin V, Steinbach E (1992) Zur Therapie des
Freyschen Syndroms durch ein Anhidrotisches Gel. Laryn-
gorhinootologie 71:59-63

Schnarch A, Markitziu A (1990) Dysgeusia, gustatory
sweating, and crocodile tears syndrome induced by a cer-
ebellopontine angle meningioma. Oral Surg Oral Med Oral
Pathol 70:711-714



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Treatment of Frey’s Syndrome

Scrivani SJ, Keith DA, Kulich R, et al. (1998) Posttraumatic
gustatory neuralgia: a clinical model of trigeminal neuro-
pathic pain. ] Orofac Pain 12:287-292

Sessions RB, Roark DT, Alford BR (1976) Frey’s syndrome
- a technical remedy. Ann Otol 85:734-739

Shaari C, Sanders I (1994) Assessment of the biological ac-
tivity of botulinum toxin. In: Jankovic ], Hallett M, editors.
(1994) Assessment of the biological activity of botulinum
toxin. ed. New York: Marcel Drekker Inc

Sharav Y, Benoliel R, Schnarch A, et al. (1991) Idiopathic
trigeminal pain associated with gustatory stimuli. Pain
44:171-174

Shelley WB, Horvath PN (1951) Comparative study on the
effect of anticholinergic compounds on sweating. ] Invest
Dermatol 16:267-274

Singleton GT, Cassisi NJ (1980) Frey’s syndrome: incidence
related to skin flap thickness in parotidectomy. Laryngo-
scope 90:1636-1639

Sly RM (1981) Auriculotemporal syndrome. Cutis 28:423,
5

Sonsale A, Sharp JE Johnson IJ (1999) Gustatory sweat-
ing of the external auditory canal. ] Laryngol Otol
113:1000-1001

Sood S, Quraishi MS, Bradley PJ (1998) Frey’s syndrome
and parotid surgery. Clin Otolaryngol 23:291-301

Spiro RH, Martin H (1967) Gustatory sweating follow-
ing parotid surgery and radical neck dissection. Ann Surg
165:118-127

Stuart DD (1978) Diabetic gustatory sweating. Ann Intern
Med 89:223-224

Thomas A (1927) Le double réflexe vaso-dilatateur et su-
doral de la face consécutif aux blessures de la loge parotidi-
enne. Rev Neurol (Paris) 1:447-460

Truax BT (1989) Gustatory pain: a complication of carotid
endarterectomy. Neurology 39:1258-1260

Chapter 5

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Tugnoli V, Ragona RM, Eleopra R, et al. (2002) The role
of gustatory flushing in Frey’s syndrome and its treatment
with botulinum toxin type A. Clin Auton Res 12:174-178
Tuinzing DB, van der Kwast WA (1982) Frey’s syndrome.
A complication after sagittal splitting of the mandibular ra-
mus. Int J Oral Surg 11:197-200

van der Linden J, Sinnige HA, van den Dorpel MA (2000)
Gustatory sweating and diabetes. Neth ] Med 56:159-162
Vilches JJ, Navarro X, Verdu E (1995) Functional sudomo-
tor responses to cholinergic agonists and antagonists in the
mouse. ] Auton Nerv Syst 55:105-111

Wallis KA, Gibson T (1978) Gustatory sweating following
parotidectomy: correction by a fascia lata graft. Br J Plast
Surg 31:68-71

Watkins PJ (1973) Facial sweating after food: a new sign of
diabetic autonomic neuropathy. Br Med J 1:583-587
Watson C, Vijayan N (1995) The sympathetic innervation
of the eyes and face: a clinicoanatomic review. Clin Anat
8:262-272

Weber FP (1897) Clinical cases V: a case of localized sweat-
ing and blushing on eating, possibly due to temporary
compression of vasomotor fibers. Trans Clin Soc Lond
31:277-280

Wilson WC (1936) Observations relating to the innerva-
tion of the sweat glands of the face. Clin Sci 2:273-286

Yu LT, Hamilton R (1992) Frey’s syndrome: prevention with
conservative parotidectomy and superficial musculoapo-
neurotic system preservation. Ann Plast Surg 29:217-222
Zalzal GH (1991) Congenital gustatory facial flushing.
Otolaryngol Head Neck Surg 104:878-880

Zoller ], Herrmann A, Maier H (1993) Frey’s syndrome sec-
ondary to a subcondylar fracture. Otolaryngol Head Neck
Surg 108:751-753

125





