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LEPROSY AFFECTS FACIAL NERVES IN A SCATTERED DISTRIBUTION FROM
THE MAIN TRUNK TO ALL PERIPHERAL BRANCHES AND NEUROLYSIS
IMPROVES MUSCLE FUNCTION OF THE FACE
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Abstract.  Current literature rejects nerve release in leprous facial neuropathy and states that lesions are restricted
to the peripheral zygomatic branches. Since there are approximately 500,000 patients with this disease throughout the
world, we wanted to clarify the precise location of facial nerve’s affection and the benefit of neurolysis. Our study showed
that in patients with leprosy, the facial nerve’s main trunk, the peripheral zygomatic branches, and all other branches
were affected. Follow-up showed improvement in lagophthalmos and in misreinnervation, with no improvement in the
control cohort. Nerve release improves muscle function in leprous facial neuropathy, provided surgery is performed on
all affected segments. Intraoperative electroneurodiagnostics is an effective tool for detecting the most proximal site of

lesion and ensuring effective surgery.

INTRODUCTION

We previously reported that leprous facial neuropathy was
located at the main trunk of the facial nerve, and that neu-
rolysis might be considered to prevent the traditional but un-
satisfactory musculofascial transfer operations. These find-
ings are in marked contrast to those in a landmark paper in
1966,> which reported that the disease affects only the periph-
eral zygomatic branches and that decompression was of no
benefit. Most investigators,>” with some exceptions,® have
accepted the observations made in the earlier study,” despite
the lack of confirmatory findings. Moreover, a recent study'®
has reported the exclusive involvement of the zygomatic
branches. Other studies'!"'? have suggested “total nerve dam-
age affects nerve segments peripheral to the predilective
sites.” These reports highlight the controversy surrounding
the localization of this disease.

In view of the fact that there are approximately 500,000
patients worldwide with leprous facial neuropathy or the re-
spective sequelae, that transfer procedures never result in
normal-looking faces and that prevention of lagophthalmos-
induced damage to the eye is of crucial importance, we
wanted to answer the following questions: 1) where exactly
does leprosy affect facial nerves, and 2) is neurolysis benefi-
cial? The implication of these two issues led us to conduct a
controlled study, an approach that has not been performed
until now for leprous facial nerves. We decided to expose the
entire facial nerve and to carry out the intraoperative elec-
trophysiologic measurements introduced in our recent study."
To determine whether sites showing more fibrosis of the in-
terfascicular or the epifascicular epineurium were in fact the
sites where fusiform swellings were accentuated or, in the case
of an unremarkable macroscopic appearance, the sites where
amplitudes decreased, histopathologic analysis was per-
formed to correlate the histologic results with the macro-
scopic and electrophysiologic findings.

MATERIAL AND METHODS

Study design and statistical analysis. This investigation was
a non-crossover interventional cohort study, in which 10 pa-
tients served as both the intervention cohort on which surgery
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was performed on the more affected side and the contralat-
eral side of the same patients as the non-intervention control
cohort. This approach permitted us to adjust for differences in
patients and cohorts and to minimize potential confounding
factors. Differences were calculated within the cohorts before
and after intervention or observation, respectively. 95% Con-
fidence intervals (95% CI) were calculated where appropri-
ate. Because our null hypothesis stated that there is no ben-
eficial effect on muscle function and nerve conduction after
surgery, one-sided P values were computed by applying Fish-
er’s exact test. A difference at the 0.05 level was considered
statistically significant.

Patients and selection criteria. Ten patients (eight men and
two women) with borderline-type leprosy (six with borderline
tuberculoid leprosy, one with borderline leprosy, and three
with borderline lepromatous leprosy) with bilateral facial
neuropathy were enrolled in the study. Their ages ranged
from 31 to 62 years (median = 45.5 years, 95% CI = 39.8-
51.3), and their durations of disease ranged from two to fif-
teen years (median = 3.5 years, 95% CI = 1.1-6.0). Informed
consent was obtained from all patients prior to the study. The
research protocol was prepared according to the World
Health Organization (WHO) guidelines for research in de-
veloping countries and was approved by the Nepal health
Research Council. All patients had been treated according to
standard WHO recommendations for multibacilliary leprosy
at Green Pastures Hospital in Pokhara, Nepal. The criteria
for case selection were persistence of facial muscle impair-
ment for more than six months after completion of the stan-
dard WHO Multi-Drug Therapy (MDT), and the electromyo-
graphically verified presence of residual activity in the facial
muscles.

Preoperative investigations. The functional status of the fa-
cial muscles and the misreinnervation characteristics were as-
sessed in each patient the day before surgery. Preoperative
electrophysiological investigations consisted of a routine
nerve conduction velocity (NCV) study of both facial nerves
with surface electrodes above the orbicularis muscle and elec-
tromyography of the orbicularis oris, the orbicularis occuli,
and the frontalis muscles of both sides in each patient (the
operated and the contralateral non-operated side) (Compass-
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FIGURE 1. Main trunk of the right facial nerve of patient 4. Left: centrally, towards the stylomastoid foramen; right: towards the first main
bifurcation. A bipolar silver wire electrode undermines the nerve. The arrow points to the side where curve 4 of Figure 2 was recorded (most
strongly affected site in the main trunk); the arrowhead points to the side where curve 1 of Figure 2 was recorded (most proximal site of lesion).
The distal hook of the bipolar electrode (the right one) is located where curve 3 (see Figure 3) has been recored, while curve 2 has been recored
a small increment proximally (left) from this side halfway to the arrowhead. Note that the switch from the healthy site (arrowhead) to the most
strongly affected site (arrow) occurred within a segment of less then 2 cm within a macroscopically unremarkable nerve segment with no indication
of epineuriotomy. This highlights the effectiveness of the method for detecting the proximal extent of the disease and ensuring effective surgery.

Port-a-Book; Nicolett Biomedical, Madison, WI). All preop-
erative, intraoperative, and postoperative electrophysiologic
measurements were performed with the same electromyo-
graphic machine and by the same investigator. Lagophthal-
mos was assessed by gentle closure and by full voluntary ac-
tivity tight closure. The remaining gap was measured in mil-
limeters.

Nerve stimulation. The technical problems encountered
during the previous study' (overloading of the preamplifier,
i.e., measuring becomes impossible due to the recording of
too high electrical loads) prompted us to develop a new tech-
nique for the intraoperative electrophysiologic test. Facial
nerves were stimulated transcranially in the cisternal region
with two unipolar needle electrodes placed subcutaneously in
the patient’s ipsilateral temporo-parietal region.

Nerve exposure, intraoperative electroneurodiagnostics
(IOE), and neurolysis. The patients were anesthetized with
an infusion of propofol and intermittend doses of fentanyl.
Facial nerves were exposed by superficial parotidectomy. Pa-
tients were then fully relaxed with norcuronium to exclude
registration of any volume-conducted muscle action poten-
tials. A Digitimer D-185 electrical stimulator (Digitimer, Ltd.,
Hertfordshire, United Kingsdom) was activated (range =
180-350 V) to evoke efferent nerve compound action poten-
tials (NCAPs), which were registered with a bipolar electrode
(sterling silver wire coated with rhodium, diameter = 1 mm,
length = 5 cm), placed on the main trunk of the facial nerve,
and recorded to the electromyograph. With repeated stimu-
lations and recordings, the electrode was moved distally and
proximally in small increments of approximately S mm (Fig-
ure 1). Decreased amplitude was regarded as an indication of
nerve damage, and elevated amplitude was regarded as a sign

of a healthy segment (Figure 2). The site at which the ampli-
tude reached a maximum with no further increase when mov-
ing centrally along the nerve was regarded as the most proxi-
mal site of lesion.!'*'* Epineuriotomy was begun at this
point regardless of the macroscopic appearance. The exposed
fascicles were inspected through an operating microscope. If
the interfascicular epineurium was fibrosed, epineuriotomy
was extended distally until fascicles regained a healthy ap-

FIGURE 2. Readings for patient 4 on intraoperative transcranial
electrical stimulation of the facial nerve with two needle electrodes
placed subcutaneously above the ipsilateral temporal region. Record-
ing site: the main trunk; curve 1: see arrowhead in Figure 1; curve 2:
halfway between arrowhead and the distal hook of the electrode in
Figure 1; curve 3: recorded at the electrode position shown in Figure
1; curve 4: see arrow in Figure 1. Curves were plotted in increments
of approximately 5 mm; electromyograph: Nicolett Compass Port-a-
book; stimulator: Digitimer D 185; time = 1 ms; gain = 200 wV.
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pearance. All fibrosed nerve segments underwent microsur-
gical interfascicular neurolysis.

Histopathology. Biopsy specimens of the epifascicular and
interfascicular epineurium were taken from the main trunk,
the zygomatic branches, and arbitrarily from other remark-
able and unremarkable segments, fixed in formalin, pro-
cessed, and embedded in paraffin. Multiple sections were
stained with heamatoxylin and eosin, van Gieson stain (for
collagen), Wade-Fite stain (for leprosy bacilli), and S100 stain
(immunocytochemistry for Schwann cells). In patients 5, 9,
and 10, two biopsies had been taken from the main trunk.

Postoperative investigations. Clinical and electrophysi-
ologic investigations were performed by the same investigator
3, 6, 12, and 24 months after surgery in patients 1-6 and 3, 6,
and 12 months after surgery in patients 7—10.

RESULTS

Intraoperative morphology. Branching classifications'?
ranged from Ia to IVb. Nerve exposure revealed an unex-
pected variety within all nerve segments. The main trunk was
unremarkable in five patients, thickened (fusiform swelling)
in three patients, and thin in two patients. The peripheral
zygomatic branches were thickened in all but one patient.
One patient had a normal-looking nerve throughout and an-
other patient had only remarkable zygomatic branches. In
seven patients, various segments of the nerve branches
showed thickened portions (fusiform swellings) and by nor-
mal-looking portions, which sometimes thickened again dis-
tally (skip or scattered lesions). These scattered segments
were irregular; i.e., any part of the exposed nerve could be
affected (Figures 3—5 and Table 1).

The epifascicular epineurium was thickened in the main

trunk in nine patients; in seven patients, fascicles were either
fibrosed and darkened, and in three patients, the fascicles
were just darkened. Fibrosis diminished proximally towards
the stylomastoid foramen, where in all but one patient (pa-
tient 9) no fibrosis was present. These findings were always
consistent with the intraoperative measurements (increase in
amplitudes). Distally towards the main bifurcation, fascicles
became more fibrotic and/or darker in all patients. At scat-
tered distances further distally, these pathologic changes
ended abruptly. Epineuriotomy extended peripherally follow-
ing the affected fascicles.

The peripheral zygomatic branches had a thickened epifas-
cicular epineurium in all patients and fibrosed and darkened
fascicles in nine patients. The other affected branches identi-
fied as such by their fusiform swellings had a thickened epi-
fascicular epineurium in nine patients and concomitantly fi-
brosed fascicles in eight patients. One patient had darkened
fascicles only. Microscopic interfascicular neurolysis was per-
formed on all fibrosed fascicles, while epineuriotomy re-
mained the only surgical treatment on just darkened unfi-
brosed segments. Patient 9 did not undergo radical surgery
because we did not open the stylomastoid foramen and there-
fore did not reach unfibrosed segments.

Histopathologic findings. Histopathology confirmed the
presence of fibrosis characteristic of a post-inflammatory pro-
cess in all 10 patients. In patients 5, 9, and 10 (two biopsies
from the nerve’s main trunk), the specimens closer to the
main bifurcation were more fibrotic, thus confirming the IOE
measurements. Patient 3 showed florid granulomatous lep-
rous neuritis with no acid-fast bacilli.

Intraoperative electroneurodiagnostics. The NCAPs were
recorded from the exposed nerve in all but one patient (pa-
tient 1) in whom the severity of the lesion prevented any

FIGURES 3. Irregularity and scatter in leprous facial neuropathy (patients 3, 8, and 9). Left: proximally towards the stylomastoid foramen; right:
distally towards the zygomatic branches; 1 = main trunk at the site of the first main bifurcation; 2 = peripheral zygomatic branches; arrows =
sites of the nerves followed distally by thickened segments. This macroscopic evidence of skip lesions conflicts with existing theories as to how

Mycobacterium leprae invades human nerves.
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FIGURES 4. Irregularity and scatter in leprous facial neuropathy (patients 3, 8, and 9). Left: proximally towards the stylomastoid foramen; right:

distally towards the zygomatic branches; 1 = main trunk at the site of the first main bifurcation; 2 = peripheral zygomatic branches; arrows =

sites of the nerves followed distally by thickened segments. This macroscopic evidence of skip lesions conflicts with existing theories as to how

Mycobacterium leprae invades human nerves.

recording. The most proximal site of lesion was found to be
1-4 cm distally from the stylomastoid foramen (Table 2).
Measurements indicated a lesion proximal from the stylomas-
toid foramen in patient 9. The most severely affected site of
the main trunk was the area of the first bifurcation in six

patients; it was found 2 and 3 ¢cm proximally in two patients,
and in short distance distally in one patient. Amplitudes at the
stylomastoid foramen ranged from 30 pV to 1.9 mV and la-
tencies ranged from 1.1 to 1.3 ms, thus confirming that the site
of stimulation was the cisternal nerve exit.'®!” Supramaximal

FIGURES 5. Irregularity and scatter in leprous facial neuropathy (patients 3, 8, and 9). Left: proximally towards the stylomastoid foramen; right:
distally towards the zygomatic branches; 1 = main trunk at the site of the first main bifurcation; 2 = peripheral zygomatic branches; arrows =
sites of the nerves followed distally by thickened segments. This macroscopic evidence of skip lesions conflicts with existing theories as to how

Mycobacterium leprae invades human nerves.
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stimulus was achieved with 180-350 V. The preamplifier did
not overload on any occasion.

Routine NCYV study. Changes in NCV and amplitude were
regarded as significant if they increased or decreased by =
10%. The NCV improved (i.e., latency decreased) signifi-
cantly after surgery in six patients (P = 0.005) and in two
patients in the non-intervention cohort (P = 0.237). Ampli-
tudes of the intervention cohort improved (i.e., increased)
significant in seven patients and deteriorated in one patient
(patient 9) (P = 0.002). In the control cohort, one patient
improved, seven patients deteriorated, and two patients
showed no changes (P = 0.500).

Long-term clinical results. Patients 1-6 had their follow-up
examinations two years after intervention and patients 7-10
had their examinations after one year (Tables 3 and 4). Mis-
reinnervation significantly disappeared in the intervention co-
hort (five patients; P = 0.016), but never disappeared in the
non-intervention cohort. The risorius muscle improved sig-
nificantly in the intervention cohort (five patients; P = 0.016),
but there was just one insignificant improvement in the non-
intervention cohort. Muscle function of the frontalis muscle
did not change significantly in both cohorts. Although it im-
proved in two patients who underwent surgery (patients 2 and
7), it worsened in one (patient 3).

Lagophthalmos. For tight eye closure, no significant change
could be observed in both cohorts: one improvement (patient
6) and two deteriorations (patient 3: silent neuritis, patient 9:
incomplete surgery) in the intervention cohort, and one de-
terioration (patient 9) in the non-intervention cohort. In con-
trast, significant improvement was seen for gentle eye closure
in five patients in the intervention cohort (P = 0.016), the
status remained unchanged in three patients, and the status
deteriorated in two (patients 3 and 9). No change occurred for
gentle eye closure in the non-intervention cohort. It should be
noted that deterioration of lagophthalmos and other muscle
functions occurred in the surgical cohort in these two patients,
on whom radical surgery could not be carried out (see His-
topathologic findings, patient 3 and Intraoperative morphol-
ogy, patient 9).
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* Macroscopy = aspect of the nerve observed with the naked eye; Microscopy = aspect of the nerve through the operating microscope. In seven patients the main trunk appeared normal, in seven cases skip lesions were macroscopically detectable, and in

all but one patient fibrosis of the fascicles were irregularly present on all segments of the nerve. These obervations strongly suggest that the existing opinion about the localizaiton of the disease and the theory as to how Mycobacterium leprae invades peripheral

nerves needs revision.

* Results are intraoperative electrophysiologic measurements by transcranial electric
stimulation of the facial nerve at the cisternal region with recording from the nerve surface
at the main trunk. The consistency of the latency values at the stylomastoid foramen shows
the preciseness and specificity of the technique.
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Clinical significance of the achieved functional improve-
ments. Five patients who benefited from the disappearance of
missinnervation unanimously reported on their significant im-
provement of life quality due to the lack of the stigmatizing
and disturbing synkenesia and dyskenesia of the facial
muscles. Patient 2 reported that he was able to close his eyes
during sleep.

DISCUSSION

The present observations show that our hypothesis on the
complementarity of the two study approaches'? was partially
correct. Neither our group' nor Antia and others® were mis-
taken in the sense that leprosy affects facial nerves at the
main trunk' and at the peripheral zygomatic branches.? How-
ever, the two studies were not just complementary, but pri-
marily incomplete, because they both failed to show that any
segment of the extracranial nerve can be affected. This detail
was unknown until now, but nevertheless is essential if in-
complete surgery is to be avoided.

Furthermore, the presence of scattered (skip) lesions con-
flicts with existing theories on how Mycobacterium leprae in-
vade human nerves. It is widely assumed that sensory nerve
endings are the pathway for the bacteria into peripheral
nerves, and that M. leprae subsequently migrate centrally to
lodge at the predilective sites because of presumed mechani-
cal (osteofibrotic channels) and/or thermal reasons (Vvicinity
to the lower temperature of skin).'''® However, there is no
mechanical obstacle below the parotid gland, and the inten-
sive vascularization of the face argues against the theory of
hypothermia.

Karat and others'? have shown that the livers of leprous
patients show granulomas containing M. leprae. This early
evidence of an hematogenous spread of the bacilli was con-
firmed in 1972 by Drutz and others,*® who demonstrated fre-
quent bacillemia in leprous patients. Recently,?' the presence
of M. leprae in epineural and perineural blood vessels was
also shown. We believe that the irregular and skip nerve le-
sions can better be explained by a hematogenous pathway of
nerve involvement than by a centripetal migration because M.
leprae has no obvious reason to stop arbitrarily and to con-
tinue its way again centrally with no identifiable pattern. Our
observations demand a revision of the current opinion on the
localization of the disease, and reconsideration of the theory
as to how M. leprae invade peripheral nerves. A recent pub-
lication with similar findings on leprous tibial nerves strength-
ens this demand.*

The innovative placement of the electrodes at the temporo-
parietal region prevented involvement of the entire motor
cortex, which had been unavoidable with the technique pre-
viously used.! This more selective positioning of the elec-
trodes permitted supramaximal stimulations with markedly
lower intensities (180-350 V) compared with the earlier tech-
nique (550-750 V). Keeping the trigger artifact sufficiently
low in this way made it possible to avoid overloading of the
preamplifier and to ensure successful measurements in all
patients despite the small distance between stimulation and
recording site. Technical and diagnostic limitations of IOE
have been reported elsewhere.''3

In all cases, surgery and histopathology confirmed the pres-
ence of affected fascicles at the electrophysiologically de-
tected sites of lesions, and fibrosis was accentuated where

decreased amplitudes were recorded. Measurements permit-
ted detection of lesion-sites in unremarkable trunks in seven
patients. These facts underline the value of IOE, since sur-
geons do not perform epineuriotomy on normal-looking
nerves. Measurements therefore ensured effective interven-
tion. We would like to emphasis that the described intraop-
erative electroneurodiagnostic technique has most probably
been applied for the first time worldwide. The reproducibility
of the results has been repeatedly verified during surgery
since each measurement was repeated at least 4-5 times, es-
pecially due to the unexpected results and their conse-
quences. Nevertheless, we believe that this technique can be
easily performed by any electro-physiologist in cooperation
with a peripheral nerves surgeon.

The functional outcome of neurolysis in leprous facial
nerves has been investigated within a controlled study. Our
results demonstrated that surgery significantly improves lag-
ophthalmos (gentle closure of eye), misreinnervation, and
other muscle function of the face. These clinical results were
confirmed by the results of the routine NCV-studies, which
showed significant improvement of latency and amplitude in
the operation cohort, with unchanged latencies and worsened
amplitudes in the non-intervention cohort.

Previous reports have shown that nerve regeneration per-
sists for years in leprosy.'*?° These observations demonstrate
that the potential for recovery remains for a long time. Sur-
gery could therefore promote regeneration, even if per-
formed late. In view of the present results achieved on long
lasting affected patients, we reject the International Federa-
tion of Anti-Leprosy Association’s (ILEP) claim®* that sur-
gery offers no benefit after one or two years of failed recovery
following MDT treatment.

Interfascicular neurolysis did not harm our patients. This
surgical approach is also rejected by the ILEP?* because of
the fear that the blood supply to the nerve will be endangered.
However, it is important to remember that nerve grafts also
survive by diffusion alone, and there is no reason to assume
that this characteristic does not apply to a released nerve,
provided that the wound bed is sufficiently well vascular-
ized,?® which is the case in the facial nerves.
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