Intensity of MR Contrast Enhancement Does Not Correspond to
Clinical and Electroneurographic Findings in Acute Inflammatory
Facial Nerve Palsy
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PURPOSE: To determine the value of MR contrast enhancement in predicting the course of acute
inflammatory facial nerve palsy and in selecting patients for surgical decompression. METHODS:
Six patients with an acute inflammatory incomplete or complete peripheral facial nerve palsy (five
idiopathic and one herpetic in origin) had repeated MR imaging studies with and without contrast
enhancement, electroneurography, and clinical examinations to establish a connection between
the intensity of contrast enhancement on MR images, the clinical condition, and the electrophysiological data. The examinations were performed every second day starting on the first day of
admission until clinical recovery was proved by clinical deblockage (spontaneous clinical improvement). The last examination was performed 3 months after the onset of the facial nerve palsy.
RESULTS: An abnormal, very intense contrast enhancement of the facial nerve was always present
in the distal intrameatal and proximal tympanic segments and in the geniculate ganglion. The
labyrinthine segment exhibited a mild to moderate enhancement, and the distal tympanic and
mastoid segments showed a moderate to intense enhancement. The intensity of contrast enhancement did not correspond to the severity, duration, or course of the facial nerve palsy, and the
electroneurographic data had no predictive value in indicating the severity of the inflammatory
process. Three months after clinical recovery, a persistent and more or less unchanged or even
slightly more intense contrast enhancement was observed. CONCLUSION: The long-lasting intense contrast enhancement seen in the facial nerve segments of patients who have acute peripheral inflammatory facial nerve palsy is explained by a two-phase breakdown of the blood-nerve
barrier.
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In patients with an acute and complete peripheral facial nerve palsy, the suspected site of
the nerve lesion and nerve damage is at the
level of the meatal foramen (1) (this is the canalicular entrance to the labyrinthine segment of
the facial nerve canal) from where the facial
nerve courses through the fallopian canal, exits
the temporal bone through the stylomastoid foramen, and enters the parotid gland (1). In
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cases of acute peripheral nerve damage, rapid
anterograde and retrograde nerve degeneration
can be observed (2, 3). The exact degree of
nerve fiber degeneration can be measured reliably by percutaneous electroneurography (4 –
9). Electroneurography cannot be performed
within the osseous facial nerve canal, but the
nerve fiber degeneration can be measured at
the stylomastoid foramen several centimeters
distal to the site of the suspected nerve lesion
(4 –9). Therefore, the extent of maximal nerve
fiber degeneration is measured with a temporal
delay, relative to the onset of the disease, necessitated by the distance between the location
of the nerve damage and the site of the measurements.
Surgical decompression of the facial nerve is
indicated in patients who have a complete nerve
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palsy and a nerve fiber degeneration of more
than 94% within 2 weeks (1, 10). Owing to the
delay in making the measurements, subsequent
severe nerve fiber degeneration requiring surgical decompression is not detected until at least
1 to 3 days after the onset of the palsy, depending on the variable velocity of the advancing
nerve degeneration (6, 7). The longer the palsy
lasts, the poorer the prognosis for a complete
recovery after surgical decompression; thus,
patients should be operated on as early as possible (5).
In patients with inflammatory nerve palsy,
abnormal enhancement of the different facial
nerve segments is observed on magnetic resonance (MR) images after intravenous injection
of gadopentetate dimeglumine (11–17). In this
prospective study, we evaluated the intensity of
contrast enhancement in the different facial
nerve segments on repeated follow-up MR examinations in six patients with acute facial
nerve palsy of inflammatory origin. To determine the value of the intensity of contrast enhancement in predicting the course of the disease and in selecting patients for surgical
decompression, we compared these data with
the clinical findings and with the percentage of
nerve fiber degeneration as assessed by electroneurography.

Subjects and Methods
Six patients (four men and two women) with a mean
age of 44 years (range, 21 to 67 years) were studied
repeatedly with high-resolution MR imaging, electroneurography, and clinical examination. These six patients represent a clinically homogeneous subgroup culled from a
larger series of 35 patients with different types of acute
facial nerve palsy (ie, idiopathic, herpetic, human immunodeficiency virus [HIV]-associated, and traumatic) reported elsewhere (18). All patients with acute inflammatory nerve palsy who came to the ear, nose, and throat
emergency department during a period of 5 months were
asked to participate in this follow-up study on the first day
of their admission (therefore, in no patient was the clinical
course predictable at the beginning of the study). However, only six patients gave oral consent for repeated MR
imaging and for clinical and neurophysiological examinations, and these patients constitute the study cohort. The
other 29 patients had only single MR examinations.
An idiopathic, acute, incomplete (four patients) or
complete (one patient) peripheral facial nerve palsy was
diagnosed in five patients. One patient had a complete
herpetic facial nerve palsy diagnosed by elevated IgG and
IgM antibodies against varicella-zoster virus, characteristic
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auricular vesicles, ear pain, and additional involvement of
the eighth cranial nerve.
All the examinations were repeated every second day
starting on the first day of admission until the patients
showed spontaneous clinical improvement (so-called clinical deblockage, see below), which occurred between the
sixth day (patient 4) and the 14th day (patient 2) after the
palsy began. The final MR examination was performed
between the 83rd and the 110th day after onset of the
palsy, by which time five patients had made a complete
recovery and one patient had made an incomplete recovery (in most cases, about 3 months after onset). Therefore,
each patient had between four and eight MR examinations
(average, 5.5 per person), which were performed on a
1.5-T unit. Our standard MR protocol consisted of spinecho T1-weighted sequences, 500 – 640/20 –25 (repetition
time/echo time) with two excitations for noncontrast sequences and four excitations for the postcontrast sequences. A temporal bone surface coil (14-cm diameter)
was applied, and the field of view was 160 to 180 mm. Thin
sections (2.5 mm) in transverse (interleaved and overlapped) and coronal (overlapped) planes were obtained.
Noncontrast transverse T1-weighted sequences were acquired in all cases.
Gadopentetate dimeglumine was injected intravenously
in all patients according to a standard high-dose protocol
with a bolus of 0.5 mmol/kg body weight. MR imaging was
performed immediately after injection of the contrast medium.
The intensity of contrast enhancement within the distal
intrameatal and labyrinthine segments, the geniculate
ganglion, and the proximal tympanic, distal tympanic, and
mastoid segments was evaluated independently by two
neuroradiologists. Evaluation consisted of visual rating of
the degree of contrast enhancement on a four-point scale:
very intense, intense, moderate, or minimal. A total of 198
facial nerve segments were evaluated in the six patients.
The region-of-interest method for objective signal intensity
measurement of the facial nerve could not be applied
because of the small diameter (7) of the fallopian canal
(1.02 mm in the labyrinthine segment, 1.53 mm in the
tympanic segment, and 1.48 mm in the mastoid segment)
and of the facial nerve itself (0.85 mm in the labyrinthine
segment, 1.12 mm in the tympanic segment, and 0.94
mm in the mastoid segment) as compared with the smallest region of interest available. The subjective evaluations
of both neuroradiologists differed in only four (2%) of the
198 segments. In these instances of disagreement, the
lower grade was used.
Electroneurography was performed with surface electrodes in the nasolabial fold after supramaximal stimulation with 0.2-millisecond impulses of 1 kHz and amplitudes of 0.05 to 0.1 V just distal to the stylomastoid
foramen, and the maximal compound action potentials
were recorded. A bipolar derivation of the maximal muscular sum action potential was obtained from the nasolabial fold by means of surface electrodes. The degree of
nerve fiber degeneration was determined as a percentage
value of the total amount of active nerve fibers.
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Fig 1. Alterations in the percentage of nerve fiber degeneration as measured by electroneurography (ENoG) during the natural
course of acute peripheral inflammatory nerve palsy in six patients.

The clinical severity of the peripheral facial nerve palsy
was assessed by the Fisch grading system (1), which rates
the ability of the patient to perform four specific face
movements— closing the eyelids, whistling, laughing, and
frowning—with different degrees of force. Each movement
is assigned a value of 0 to 20 points, and, additionally, the
muscular tonus during rest is rated up to a maximum of 20
points. Thus, patients with normal facial nerve function
obtain a maximum of 100 points, and patients with incomplete or complete peripheral facial nerve palsy have scores
below 100. In terms of this classification scheme, the moment at which improvement in the status of complete or
incomplete peripheral palsy is noted is called “clinical
deblockage,” and leads to a higher score on the Fisch
scale. An early clinical deblockage is a good prognostic
sign for a favorable clinical outcome (1).

Results
Figure 1 shows the alterations in the percentage of nerve fiber degeneration as measured by
electroneurography during the natural course of
acute peripheral inflammatory nerve palsy in
our six patients. The Fisch scores that determine the clinical condition of the patients are
presented in Figure 2. The percentage of nerve
fiber degeneration considerably increased over
the first days (the duration was variable in each

patient) but never exceeded the critical value of
94% within 14 days. Despite further increases in
nerve fiber degeneration as observed by electroneurography, the clinical recovery that had
already begun was such that all six patients
were able to perform slight movements of the
face (clinical deblockage). Thus, there was no
connection between degree of nerve fiber degeneration and clinical condition. Owing to the
temporal delay in obtaining the electroneurographic measurements, clinical improvement
considerably preceded electroneurographic improvement. Compared with the early spontaneous clinical recovery in our patients, the secondary decrease in percentage of nerve fiber
degeneration, indicating a regeneration of the
nerve, was considerably delayed and could not
be regarded as a reliable prediction of the
course of the disease.
Although the natural course of the disease
varied among the patients, five patients had
made a complete recovery by 3 months after
the onset of the palsy and one patient had made
an incomplete recovery, as assessed by both
clinical examination and electroneurography.
Despite the variable clinical course of the fa-
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Fig 2. Clinical condition of six patients with acute peripheral inflammatory nerve palsy as determined by Fisch scores.
Intensity of contrast enhancement of different facial nerve segments
Segment

Patient 1
4th day
83th day
Patient 2
1st day
89th day
Patient 3
1st day
87th day
Patient 4
1st day
93rd day
Patient 5
5th day
110th day
Patient 6
3rd day
103rd day
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Note.—In all patients the intensity of contrast enhancement of the various facial nerve segments at the first and last MR examinations are
reported. The first MR examination was always performed on the first day of admission, but in the table the days mentioned represent the exact
day after onset of the palsy. The first day of admission is therefore not always the first day of the onset of the disorder.
1 indicates minimal enhancement; 11, moderate enhancement; 111, intense enhancement; and 1111, very intense enhancement.

cial nerve palsy in each patient in whom there
was initial deterioration and subsequent improvement, we found no significant alteration in
the location and intensity of the contrast enhancement pattern either during the acute
phase of the disease (until the occurrence of
spontaneous deblockage) or after complete
clinical recovery was effected. The Table shows
the intensity of the contrast enhancement of the
different nerve segments in all patients on the
first and on the final day of admission. During
the first few days after onset of the facial nerve
palsy, the intensity of contrast enhancement of

the different nerve segments did not change;
therefore, these data are not presented in the
Table. Three months after the onset of the disease, contrast enhancement in the distal intrameatal segment was either constant (two patients), slightly decreased (three patients), or
slightly increased (one patient). In the other
nerve segments, the contrast enhancement was
constant (21 segments) or increased (10 segments) and could still be observed in all patients
despite an almost complete clinical recovery
(Figs 3 and 4, and the Table). Therefore, no
connection could be established between the
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Fig 3. Patient 3: first day of idiopathic
peripheral facial nerve palsy.
Transverse noncontrast (A) and contrast-enhanced axial (B and C) and coronal (D) T1-weighted MR images show a
very intense enhancement of the distal intrameatal segment (1), the geniculate
ganglion (3), and the proximal tympanic
segment (4); an intense enhancement of
the mastoid segment (6); and a moderate
enhancement of the labyrinthine (2) and
distal tympanic (5) segments.

Fig 4. Patient 3: 87th day after onset
of idiopathic peripheral facial nerve palsy.
Transverse contrast-enhanced axial
T1-weighted MR images (A and B) show
enhancement is unchanged in the distal
intrameatal (1) and labyrinthine (2) segments, the geniculate ganglion (3), and
the proximal tympanic segment (4). The
distal tympanic (5) and mastoid (6) segments have slightly more intense enhancement than observed on the first day of the
palsy.

intensity of contrast enhancement as assessed
visually and the degree of nerve fiber degeneration on one hand and clinical improvement on
the other hand. The intensity of contrast enhancement did not correspond to the clinical
course.
An abnormal and very intense enhancement
of the facial nerve in the distal intrameatal seg-

ment and in the geniculate ganglion and the
proximal tympanic segment, as well as a mild
but also abnormal enhancement in the labyrinthine segment, were noticed in all patients. In
five patients, an abnormally intense enhancement was also observed in the mastoid segment. A moderate enhancement was seen in the
distal tympanic segment in six patients and in

1234

SARTORETTI-SCHEFER

AJNR: 17, August 1996

Fig 5. Transverse noncontrast (A and
B) and postcontrast (0.5 mmol/kg gadopentetate dimeglumine) (C–E) axial T1weighted MR images of a normal facial
nerve show slight enhancement of the
geniculate ganglion (3), the proximal (4)
and distal (5) tympanic segments, and the
mastoid segment (6). No enhancement of
the distal intrameatal and labyrinthine segments (2) is seen.

the mastoid segment in one patient. No significant difference in intensity of contrast enhancement among the different nerve segments was
observed in any of our six patients. Moreover,
the intensity of the enhancement of the various
nerve segments had no predictive value in indicating the clinical severity of the inflammatory
process.
Discussion
In acute inflammatory peripheral facial nerve
palsy (idiopathic, herpetic, and HIV-associated), recent data assume as the main etiologic
factor a latent viral infection of the geniculate
ganglion with possible later reactivation and
spread of the inflammatory process along the
nerve fibers proximally and distally to the geniculate ganglion (11, 19, 20). Pathophysiologically, this process is initiated by the formation of
intraneural edema in the neuronal nerve
sheaths caused by breakdown of the blood–
peripheral nerve barrier and by venous conges-

tion in the epineural and perineural venous
plexus (11). This is assumed to be the underlying mechanism of the strong and abnormal enhancement of the inflamed facial nerve on MR
images, especially in the distal intrameatal, labyrinthine, and proximal tympanic segments,
and the geniculate ganglion (11, 21, 22) as
compared with a slight to moderate enhancement of the geniculate ganglion and the tympanic and mastoid segments in normal facial
nerves after injection of 0.5 mmol/kg of contrast material, as observed in our previous study
related to the pooling of contrast material in the
epineural and perineural venous plexus (Fig 5).
In accordance with the different electrophysiological, histologic, and morphologic criteria,
Sunderland has defined five categories of peripheral facial nerve palsy (23, 24). By this
grading system, our patients fit into grades 1
(conduction block with contained nerve architecture) and 2 (intact endoneural sheath but
some degree of axonal degeneration). At these
levels, an anterograde and retrograde wallerian
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degeneration is present, but the palsy has the
potential for complete regeneration (23, 24).
Patients with grade 3 nerve injury have severe
nerve damage with destruction of the internal
structure of the funiculus and the endoneural
sheaths. This situation results from a long-lasting grade 2 nerve injury that is not treated adequately by nerve fiber decompression. Patients
with grade 3 injury, as well as those with grade
4 and 5 nerve injury (loss of funicular continuity
and total transection of the nerve, respectively),
which usually results from trauma, were not included in our study, since, at our institution,
patients with grade 2 injury and a nerve fiber
degeneration of more than 94% within 2 weeks
always undergo surgery and thus never reach
grade 3 injury (9, 25).
We found no significant difference in the intensity and location of abnormal contrast enhancement along the different nerve segments.
Our results, summarized in the Table and in
Figures 1 and 2, indicate that the intensity of the
enhancement was obviously independent of the
extent, severity, and duration of nerve damage
during the observation period of 3 months.
Therefore, no relationship can be established
between the intensity of the enhancement and
the prognosis for the palsy on the basis of findings on contrast-enhanced MR images. The intensity of the contrast enhancement thus cannot be used to differentiate between patients
who require nerve decompression surgery to
arrest a deteriorating clinical course and those
who have a benign course that will resolve
spontaneously. Furthermore, no connection
can be made between the clinical and electroneurographic course of the disease and the intensity of contrast enhancement. Even 3
months after the onset of nerve palsy and after
complete clinical recovery, a persistent and
more or less unchanged or occasionally more
intense abnormal contrast enhancement of the
various facial nerve segments can be observed.
Long-lasting damage to the blood–peripheral
nerve barrier as a prerequisite for the long-lasting contrast enhancement of the facial nerve on
MR images must be supposed. The blood-nerve
barrier is formed by the endothelium of the endoneural capillaries (the endoneural microvasculature) and by the inner perineural cells (22,
26). Experimental animal studies of acute peripheral nerve lesions (2, 27–32) have shown
that the complex process of degeneration and
regeneration after nerve injury is accompanied
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by a vasogenic response associated with a twophase breakdown in the blood-nerve barrier
linked to the functional and metabolic demands
of the tissue. The first phase is rapid and includes breakdown of the endoneural barrier,
with an increase in vessel diameter associated
with macrophage infiltration and wallerian degeneration. The second phase, which appears
later, during the period of regeneration linked to
the breakdown of the perineurium, provides a
peak into the endothelial surface area that presumably provides for the increased transfer of
metabolic substrate to support regeneration
(30). These experimental observations can also
be applied to the facial nerve, since this nerve
behaves histologically and electrophysiologically as a peripheral nerve. Therefore, longstanding damage to the blood-nerve barrier can
be suspected as the underlying mechanism to
explain the prolonged contrast enhancement of
the facial nerve (persisting even after complete
recovery in five of our six patients) observed in
our study (27–32). Other investigators have reported abnormal contrast enhancement of the
different segments of the facial nerve lasting
over a period of 3 to 13 months in single cases
(12, 14 –16).
The maximal increase in vascular permeability in the segments near the site of the lesion
occurs much earlier than in the segments distal
to the lesion (27–29). This might explain why in
most of our cases there was a slight decrease in
intensity of contrast enhancement over time in
the distal intrameatal segment as opposed to a
slight increase in intensity in the segments distal
to the labyrinthine segment in the late follow-up
MR examinations 3 months after the onset of the
palsy.
We are aware of the role that the partialvolume phenomenon plays in the visual evaluation of signal intensity in the small facial nerve
canal. Certainly, this phenomenon had an influence on our results, considering the difference
between a section thickness of 2.5 mm and a
facial nerve diameter of less than 1 mm. However, this applies equally to all cases in our
study and to the differentiation of normal from
abnormal facial nerve enhancement in acute
peripheral inflammatory facial nerve palsy; we
refer especially to a previously published study
(11). We are also aware that the intensity of the
contrast enhancement of the facial nerve is possibly related to the dose of contrast material
injected. Our study protocol called for a very
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high dose (0.5 mmol/kg) of contrast agent, and
our results must be interpreted accordingly.
Further studies are required to ascertain the
intensity of contrast enhancement of the facial
nerve after low doses of contrast material are
administered. Additionally, the number of patients examined in this study was small, and a
larger study with more patients might produce a
different outcome.
In conclusion, serial MR studies were obtained in six patients with acute peripheral inflammatory facial nerve palsy to ascertain the
intensity of contrast enhancement of the different facial nerve segments during the natural
course of the disease. We found no correspondence between the observed signal intensities
and the clinical and electrophysiological findings. The long-lasting intense enhancement of
the facial nerve can be explained by a twophase breakdown of the blood-nerve barrier.
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