ENOG:

The author has found that the calculation of the percentage degeneration (in comparison with the normal side) varies too much, and recommends that the absolute values be recorded and taken as important.  Thus


Respoinses above 1.0 millivolt – nothing to worry about.


   “                 betewen 0,5 – 1.0 mV – do daily tests.

          “                at 0,5 mv – red Flag!

         “                below 0,5 mv  - bells ringing!

Example of clinical notes in case of a left sided paralysis:

Day 1:
Voluntary movement :  Forehead 50%, Eye  50%, Mouth 50%

                                                           (as compared with right side).

                   No electrical tests because they will be normal.

Day 3:
Voluntary movement:  FH= 0, Eye = 0, Mouth =0%



Schirmer: L= 2 cm, Right 5 cm



VenoG:    L  = 80% all branches (compared with right side)

Day 5:
Voluntary movement – total paralysis left



Schirmer: Left 0,5 cm



VenoG:    L = 50% all branches

Day 6:
Vol movement: 0%



Schirmer: Dry eye



VenoG:  L = 20% all branches. EnoG advised.

Day 7:
Vol movement:  0%



Schirmer: Dry eye



Venog:  L = 5%



EnoG:  Left 0,5 mv, R = 5,0 MV

                      Advise that decompression may become necessry.

Day 8:
Vol: 0%, dry eye.



VenoG:  L = 5%



EnoG:  Left 0,4 mV

Day 10:
Vol 0%, dry eye.

VenoG: L 5%

EnoG = o,4 mv

Day 12:
Vol 0%, eye starts tearing



VenoG: 5%



EnoG: 0,4 mv

Day 16:
Vol: 5% movement forehead



VenoG: 5%

Day 20:
Voluntary movement FH 50%, eye 20%, mouth 20%.

Voila!  Both patient and doctor happy because the monitoring of the process

was done in a scientific way with little guesswork.  This is the 21st century!

Gantz et al: Surgical management of Bell’s palsy.

                     Laryngoscope 109 (8) August 1999, pp 1177-1189 
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Fig. 2. Bell's palsy management algorithm. ENOG = electroneurography; MCF = middle cranial fossa.
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Fig. 5. Expected outcome and 95% confidence interval. Estimated probability of achieving
grades I or II as a function of day. The solid line is the estimated probability that a patient
will achieve House-Brackmann grade I or II. The shaded region is the 95% confidence
interval on the estimated probability. Estimates were calculated from the data in by two-
parameter logistic regression (SAS for Windows, version 7.00). These estimates are not

sensitive to model specification; adding a quadratic term does not improve the fit, nor does
expressing time on the log scale.
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Schematic representation of cranial nerve involvement in Bell’s palsy and herpes zoster facial paralysis (Ramsay Hunt syndrome)

K K Adour  in  “Handbook of neurotological diagnosis” 

Marcel Dekker,  New York, 1987: page 209.
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When should you question the diagnosis of "moneneuritis multiplex" formerly called Bell's palsy and
Ramsay Hunt syndrome?

when partial facial paralysis:
-~does not resolve in 3 to 6 WEEKS.
~-is accompanied by electrical evidence of nerve degeneration:
-Maximal Stimulation Test (MST)indicates moderate to severe
decrease in muscle motion in one or more branches
~Global MST less than 3.
—-electromyographic fibrillation (denervation) potentials are present.
-—-1is accompanied by ipsilateral hearing loss.

when any facial paralysis is accompanied by evidence of chronic otitis
media, or history of previous ear surgery.

when total facial paralysis is present:
-~with NO return of facial motion within 4 months.
-even with total loss of nerve excitability shown by ENOG or Global
MST, 99.9% of all Bell's palsy or Ramsay Hunt Syndrome will
regenerate with mid-face contracture with synkinesis; earliest sign
of regeneration is the return of the stapedial reflex; next earliest
sign is evidence of mouth motion with voluntary forced closure of the
eyes (synkinesis).
--with electrical evidence of nerve degeneration that resolves WITHOUT
mid-face contracture with synkinesis.
—-facial nerve degeneration with regeneration in Bell's Palsy or Ramsay
Hunt syndrome is followed by the sequelae of mid-face contracture
with synkinesis.

Note: Progressive facial paralysis during weeks or months is not Bell's
palsy.

--damage to the nerve is complete by day 14 in Bell's palsy but not until
day 21 in Ramsay Hunt syndrome.

when recurrent ipsilateral facial paralysis is accompanied by electrical
evidence of nerve degeneration and recovery BUT NOT by contracture with
synkinesis- in 4 months.

Other Pearls

Measurement of the stapedial reflex is "otologic electromyography."
Clinical total facial paralysis with intact stapedial reflex is a partial
paralysis and return of the stapedial reflex 3 weeks post onset indicate
good prognosis. The Global MST score allows you to predict rate and degree
of recovery.

Question the validity of Bell's palsy treatment results where the number of
patients showing electrical evidence of nerve degeneration does not equal
the number of patients with contracture with synkinesis.

FIG 21-3

When should you question the diagnosis of “mononeuritis multiplex,” formerly called Bell's palsy and Ramsay Hunt syndrome? {Adapted and
reproduced by permission of the publisher from Adour KK: Bell’s Palsy: Contemporary Perspectives on Etiology and Management. In UC
Otolaryngology Update, 1994, November 3-5, 1994. San Francisco, California. University of California, San Francisco, 1994.)
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FIG 21-9

Electroneurography (ENOG): Schematic drawing showing the opti-
mized lead placement of stimulating and recording electrodes and
depicting the possible variation in size of the compound muscle po-
tentials. (Courtesy Juan Domingo.)
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FIG 21-10

Electroneurography (ENOG):Schematic drawing showing the stan-
dardized lead placement of stimulating and recording electrodes and
depicting a compound muscle action potential. (Courtesy Juan
Domingo.)
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FIG 21-11
Electroneurography (ENOG): Schematic drawing showing the lead
placement of stimulating and recording electrodes suggested by

May who prefers the term “evoked electromyography.” (Courtesy
Juan Domingo.)
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Electroneurography (ENOG): Schematic drawing showing the place-
ment of the recording electrode and the insertion of the needle
stimulating electrodes suggested by Kobayashi. (Courtesy Juan
Domingo.)




[image: image7.png]TABLE 72-2. Prediction of Prognosis of Facial Paralysis Based on Maximal Nerve Excitability Testing

Maximal NET pattern (day post-onset)

Recovery time Percentage Final

3 7 10 (week post-onset) recovery complications*
Et E E 3-6 100 None
E-Mit Mi Mi 4-8 75-100 Mild
E-Mit Mo Mo 4-8 75-100 Mild-moderate
E-Mot Mo Mo 4-12 75-100 Moderate
E-Mo S S 6-12 +75 Moderate-severe
Mo-S S S 8-12 +75 Severe
E-C Mi-C o] 12+ +50 Severe

E = equal; Mi = minimal; Mo = moderate; S = severe; C = complete
* Contracture, synkinesis, facial spasm.
1 Recoveries considered satisfactory.




[image: image8.png]*A10}oRjSiIes PalapISu0d SalI9A09Y |
‘wseds jeloe} ‘sisaupjuis ‘ainjoenuo)) ,
919|dwod = 7 !aloAas = § !8)eIapOoW = OW ‘[ewWuiw = ||§ ‘jenba = 3

2laAeg 0S+ +cl 0] O-IN 0-3

alaneg SL+ cl—-8 S S S-ON

919A88-3]RI8PON GlF 2l-9 S S ON-1

8jeisspoN 001-GL cl—v ON ON Jon-3

ajelapow-pjIN 001-S. . 8—¥ O oN HinN-3

PIIN 00L-GL 8-y IN N HIN-3

8UON 001 9-¢ 3 3 13
LSsuonesijdwod JSEY VLT (1esuo-}sod yoom) oL . £

jeuid abejuasiayg awi} A19A00aY

(1esuo-}sod Aep) uianed 13N _mE_xm._z

Bunssa] Ajigeyoxg aalaN [ewixep uo paseq sisA|eied |eloe4 jo sisouboud jo uonoipald g-zZ 319vL





[image: image9.png]ELECTROMYOGRAPHY AND ELECTRONEUROGRAPHY

/ \
E. ESSLEN *’ 9 ?é J

Proximal to the geniculate ganglion the facial nerve consists of approximately
10,000 nerve fibers, of which about 1,000 are myelinated motor fibers. It is the
aim of electrodiagnosis, and of EMG and electroneurography in particular, to
evaluate the state of these motor fibers.

As long as a nerve lesion does not lead to immediate destruction of the tissue, a
graduated reaction of nerve fiber population is to be expected, i.e. a spectrum of
reactions. It must be kept in mind that these nerve fiber reactions have a
morphologic and functional aspect, though, for my present task, I shall refer
mainly to the functional aspect.

Originally electromyography signified the recording of motor unit potentials in
voluntary and involuntary muscle contraction and of spontaneous activity of the
muscle fibers as, for instance, in denervation. Very soon, however, this elementary
electromyography was supplemented by the recording of the compound action
potential (CAP), elicited by the supramaximal stimulation of the nerve. In order
to distinguish this method from the original electromyography it has been named
elctroneurography.

Simple EMG is not very revealing in facial palsy of recent origin. Without
stimulation of the nerve it cannot be decided if loss of innervation is due to con-
duction block or to degeneration of nerve fibers. The so-called denervation poten-
tials can be recorded only after 8—10 days, and frequently even later. They are
only a qualitative indicator of nerve fiber degeneration but do not tell how many
fibers are degenerated. Therefore, Kaeser, years ago, has thus qualified the value
of electromyographic investigation: ‘In idiopathic facial palsy prognosis cannot be
sufficiently substantiated by electromyography before the end of the 4th week.’

If simple electromyography cannot solve the whole problem, there are,
nevertheless, two important findings to be mentioned, which can be very helpful in
some cases: first, as long as a few active motor units can be recorded, even if there
is no visible contraction of facial muscles at all, the lesion of the facial nerve has
not yet reached the point of severe degeneration, and if this lasts until the 7th day
after onset of the palsy, severe degeneration will not occur. Second, if, after a
period of complete cessation of all motor unit activity, some units resume dis-
charging, this signals beginning recovery from conduction block even days before
any visible muscle contraction. If this happens until the 15th day after onset of
facial palsy, the prognosis will be good.

In contrast to most lesions of peripheral nerves, electromyography of muscles
innervated by cranial nerves is hampered by one big difficulty. In the majority of
cases it is not possible to stimulate the nerve proximally to the site of the lesion.
Thus, it is not possible to compare the response to proximal stimulation with the
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[image: image10.png]response to stimulation distally from the site of lesion. But such a comparison is
essential for the determination of the relation of blocked to degenerated fibers. The
aim must be to indicate this relation as an exact percentage, because, as you will
see, the determination of the exact percentage is the key for prognosis in facial
palsy. The same difficulty exists for the precise localisation of the site of the lesion
which is not difficult in spinal nerves as long as they are accessible to stimulation
proximally to the site of the lesion.

As this, obviously, is not possible in intracranial or intratemporal lesions of the
facial nerve — with the exception of stimulation during operative exposure of the
nerve — we must base our conclusions on the result of stimulation only in the short
segment between the stylomastoid foramen and the point where it starts to branch.

Therefore, the quantitative determination of the relation of blocked to
degenerated fibers depends on finding another point of reference. Comparison of
the amplitude of the CAP in supramaximal stimulation of the facial nerve on both
sides in healthy persons has shown that there is very little difference. In a group of
30 healthy persons the mean difference in amplitude was 3%. On the basis of this
result it appears justified to take the CAP of the healthy side as reference and to
represent the amplitude on the paretic side in per cent of the amplitude of the nor-
mal side. Thus, the value obtained in this way represents the percentage of fibers
still excitable though blocked for impulse conduction. The difference in this value
when compared with the healthy side indicates the percentage of fibers already
degenerated.

This way of indicating the degree of the nerve affection is a statistical statement
of the state of the facial nerve. When we consider that the facial nerve contains ap-
proximately 7000 motor fibers it is evident that only such statistical statements
are relevant.

Let us briefly consider the CAP. It is the result of the synchronous firing of
motor units. In the normal case, when all fibers of a nerve are stimulated to the
point of discharge, the corresponding motor units will discharge, too. The poten-
tials of excited nerve or muscle fibers recorded extracellularly spread according to
the law of a volume conductor. The amplitude of the CAP is proportional to the
number of discharging elements, in our case to the number of motor units or facial
muscle fibers. Degeneration of a nerve fiber always means denervation of all the
muscle fibers belonging to the motor unit supplied by this nerve fiber. The
decrease of the amplitude of the CAP in nerve fiber degeneration is therefore
proportional to the number of denervated motor units. Fig. 1 gives a diagram of
the conditions just described. Above (1) you see an intact single nerve fiber with its
cell of origin on the left and the innervated muscle fibers on the right. The whole is
called, as you know, according to the concept of Sherrington, a motor unit.
Stimulation of the nerve fiber at any site will elicit a synchronous discharge of all
muscle fibers belonging to the same motor unit — the motor unit potential. In the
next (2) line temporary conduction block of a segment of this fiber is assumed. In
this case only stimulation distally from the block will provoke a motor unit poten-
tial. If many intact nerve fibers are stimulated (4) there is synchronous discharge
of all the motor units or muscle fibers composing them — this is the CAP whose
amplitude is proportional to the number of discharging motor units or muscle
fibers. If we assume a nerve with half of its fibers degenerated and the other half
blocked — the result will be a reduction of the CAP to one half its original value (5).

Q5
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Fig. 2 shows what happens to the CAP of facial muscles in a case of facial
palsy. On the left you see the CAP of the healthy side, being the reference. Recor-
ding on the 3rd day after onset of palsy reveals a decrease of CAP of one fifth,
meaning that at this time already 20% of the motor nerve fibers of the facial nerve
are degenerated. On the 7th day the CAP on the paretic side is reduced to one half
of the value on the healthy side, so 50% of facial motor fibers are degenerated.
The end of this development is reached at the 10th day with only one tenth of the
original amplitude left, meaning that 90% of the facial nerve fibers are
degenerated. Now, this way to present the course of events does not satisfy all
requirements. Therefore the method of presentation as shown in F1g 3 has been
adopted. This diagram  refers to the same case as presented in Fig. 2. The
amplitude of the CAP on the side of facial palsy is plotted in per cent of the CAP
on the healthy side (thick line). The time axis is logarithmic in days. The medium
line represents the estimated degree of facial innervation, also in per cent and the
thin line represents latency between stimulus and rise of the CAP in msec.

This method presents the whole history at a glance, including the acute phase
of the nerve lesion, recovery from conduction block, and regeneration. In passing
I will just mention that the slight decrease of amplitude of the CAP after the 10th
day is not due to increase of degeneration but to the desynchronisation of the
motor unit volley.

Fig. 4 presents the case of a very benign facial palsy with no degeneration at all
and rapid recovery from conduction block.
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[image: image12.png]regeneration. Clinical recovery, as indicated by the blue line, took place, however,
between the 8th and the 50th day. How can this be explained? Now, clinical
recovery is based, in this case, on the recovery from conduction block. The loss of
40% of facial motor fibers by degeneration does not lead to any clinically percep-
tible sign of facial weakness, as long as the remaining 60% of fibers function nor-
mally. Thus, in this case, recovery from conduction block alone suffices for com-
plete clinical healing, though, as this diagram demonstrates, biologically the
process of healing is not at an end by the 50th day.

Fig. 6 shows a severe facial palsy with complete degeneration of all motor fibers
of the facial nerve and very poor recovery after 350 days. Associated movements
disturb the little of mimic function that has recovered.

There is no time to go into further details. I would like to sum up briefly part of
the results gathered with the method just described.

Table 1: The diagram represented here is helpful in evaluating prognosis of an
acute facial palsy.

Table 1. Diagram representing dependence of prognosis on the degree of degeneration and the time
after onset of palsy.

Day after onset of palsy 4. 6. 8. 10. 12
Degree of degeneration
up to 30% +
40% (+) +
50% ? (+)
60% ? +
70% (+)
80% ? +
90% (+) +
- 95% ? (+)
over 95% ?
+ = good prognosis (+) = prognosis probably good ? = prognosis uncertain or bad:

Summary

(1) The processes causing degeneration in acute facial palsies spontaneously
come to an end no later than the 10th day after onset of pareses.

'(2) In idiopathic facial pareses loss of innervation of facial muscles is generally
due partly to nerve fiber degeneration and partly to blocked impulse conduction.
Only 4 out of 145 cases (2.75%) showed no signs of degeneration whatsoever and

only 9 (6.20%) degeneration of all motor fibers.
(3) The duration of the conduction block is correlated to the degree of

degeneration: the higher the percentage of degenerated fibers the longer the delay
in recovery of blocked fibers.

(4) Latency between nerve stimulation and muscle action potential statistically
increases with higher degrees of degeneration. In the individual case, however,
latency is not a useful parameter for evaluation of prognosis.

99




[image: image13.png](5) Upto adegree of 50% degeneration, functional recovery is always very good.
Time required for recovery is generally between 6 and 7 weeks.

(6) Up to a degree of 90% degeneration, recovery is nearly always very good
and only few cases show some inconspicuous signs of permanent paresis. In con-
trast to patients with degeneration of up to 50% the time course of recovery is
considerably longer (up to 3 times as long).

(7) Up to 98% of degeneration, most patients reach a satisfying degree of func-
tional recovery, in fact, for some recovery may be excellent. Only few cases show
poor recovery, frequently in connection with misdirection of regenerating axons
(associated movements) manifesting itself for the first time in this range of
degeneration.

(8) With 98—-100% degeneration, recovery is unsatisfactory or poor in most
patients. In exceptional cases even with this high degree of degeneration, good
recovery can occur.

(9) Most patients with poor recovery show associated movements as sequelae
of misdirection of regenerating axons. This misdirection is a consequence of the
destruction of endoneural tubes and of the formation of intraneural scars by
damaged connective tissues. The degree of damage to intraneural connective
tissue is of decisive importance for the recovery of nerve function.

(10) Inyoung patients, recovery is statistically quicker and better thanin old ones.
Even in young patients, however, nerve degeneration may be complete.

(11) Degeneration up to 50% is clinically unrecognizable as long as impulse
conduction of the remaining 50% of fibers is not disturbed. This statement refers
to the clinical observation. When maximal strength is assessed with the aid of a
spring balance, it is always reduced proportionally to the degree of degeneration.

(12) The above quoted rules are valid for all acute facial palsies. This statement
does not exclude that certain etiologies tend to more severe courses than others.
Facial palsy with herpes oticus is on average related to higher degrees of
degeneration than Bell’s palsy.

(13) Bilateral facial palsies occurring with lymphocytic meningitis and
polyradiculitis show a remarkable parallelism of the course of de- and regenera-
tion of both nerves. This suggests an early determination of the whole.course.

(14) The electroneurographic method described allows reliable prognosis not
later than on the 10th day of paresis, in many cases even earlier. The natural
history of the disease can be followed up and documented much more precisely
than hitherto.

(15) The very short duration of the acute phase of facial palsies implies that
valid statements on the effectiveness of drug (steroid) therapy can be made only
on the basis of strictly homogeneous groups of patients with respect to the time
relationship between the beginning of therapy and the onset of palsy. One should
insist that statistical statements must be based on observation of a sufficiently
large number of patients where therapy is started not later than the day after onset
of palsy.

Reference

ESsLEN, E. (1976): The Acute Facial Palsies. Investigations on the localisation and pathogenesis of
meato-labyrinthine facial palsies. Springer Verlag, Berlin, Heidelberg, New York.
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[image: image14.png]TABLE 73-1. Differential Diagnoses of Facial Paralysis
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Birth

Molding

Forceps delivery

Myotonic dystrophy

Moebius syndrome (facial diplegia associated with other
cranial nerve deficits)

Trauma

Cortical injuries

Basilar skull fractures

Brainstem injuries

Penetrating injury to middle ear

Facial injuries

Altitude paralysis (barotrauma)

Scuba diving (barotrauma)

Neurologic

Opercular syndrome (cortical lesion in facial motor area)

Millard-Gubler syndrome (abducens paisy with contralateral
hemiplegia due to lesion in base of pons involving
corticospinal tract)

Infection

Malignant otitis externa

Acute or chronic otitis media

Cholesteatoma—acquired and congenital

Mastoiditis

Meningitis

Parotitis

Chickenpox

Herpes zoster oticus (Ramsay Hunt syndrome)

Encephalitis

Poliomyelitis (type [)

Mumps

Mononucleosis

Leprosy

Human immunodeficiency virus and acquired
immunodeficiency syndrome

Influenza

Coxsackie virus

Malaria

Syphilis

Scleroma

Tuberculosis

Botulism

Mucormycosis

Lyme disease

Genetic and Metabolic

Diabetes mellitus

Hyperthyroidism

Pregnancy

Hypertension

Alcoholic neuropathy

Bulbopontine paralysis

Oculopharyngeal muscular dystrophy

Vascular

Anomalous sigmoid sinus

Benign intracranial hypertension

Intratemporal aneurysm of internal carotid artery

Embolization for epistaxis (external carotid artery branches)

Neoplastic

Acoustic neuroma

Glomus jugulare tumor

Leukemia

Meningioma

Hemangioblastoma

Hemangioma

Pontine glioma

Sarcoma

Hydradenoma (external canal)

Facial nerve neuroma

Teratoma

Fibrous dysplasia

von Recklinghausen's disease

Carcinomatous encephalitis (Bannworth’s syndrome)

Cholesterol granuloma

Carcinoma (invasive or metastatic, from breast, kidney, lung,
stomach, larynx, prostate, thyroid)

Toxic

Thalidoide (Miehlke syndrome: cranial nerves VI and VIl with
atretic external ears)

Tetanus

Diphtheria

Carbon monoxide

Lead intoxication

latrogenic

Mandibular block anesthesia

Antitetanus serum

Vaccine treatment for rabies

Otologic, neurotologic, skull base and parotid surgery

lontophoresis (local anesthesia)

Embolization

Idiopathic

Familial Bell's palsy

Melkersson-Rosenthal syndrome (recurrent facial palsy,
furrowed tongue, faciolabial edema)

Hereditary hypertrophic neuropathy (Charcot-Marie-Tooth
disease, Dejerine-Sottas disease)

Autoimmune syndromes of temporal arteritis, periarteritis
nodosa, and other vasculitides)

Thrombotic thrombocytopenic purpura

Landry-Guillain-Barré syndrome (ascending paralysis)

Multiple sclerosis

Myasthenia gravis

Sarcoidosis (Heerfordt's syndrome, uveoparotid fever)

Wegener's granulomatosis

Eosinophilic granuloma

Amyloidosis

Hyperostoses (Paget’s disease, osteopetrosis, etc.)

Kawasaki's disease (Infantile acute febrile mucocutaneous
lymph node syndrome)

After May M: Differential diagnosis by history, physical findings and laboratory results. In May M (ed): The facial nerve, New York, 1986, Thieme-Stratton.
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TABLE 73-2. Etiologies Associated with Bilateral Facial
Palsies (may be stimultaneous or delayed)

Bell's palsy

Diabetes mellitus
Sarcoidosis (Heerfordt's syndrome)
Periarteritis nodosa
Guillian-Barré syndrome
Myasthenia gravis

Basilar skull fracture
Bulbar palsies

Porphyias

Leukemia

Myotonic dystrophia
Meningitis

Mobius syndrome
Botulism

Infectious mononucleosis
Leprosy

Malaria

Poliomyelitis

Lyme disease

Syphilis

Postvaccination neuropathy
Isoniazid

Osteopetrosis
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FIG 73-12. Correlation between Seddon'’? and Sunderiand'8°
classification of neural injury. (After Terzis JK and Smith KL.:
The peripheral nerve: structure, function and reconstruction,
New York, 1991, Raven Press.) :
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