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Leprosy is a systemic infectious disease
which has a predilection for the skin, pe-
ripheral nerves, and mucosa of the upper
respiratory tract ( 3 ). In addition, the auto-
nomic nervous system and arterial vascu-
lature are affected in leprosy ( 7 ' ' 2). To date,
investigations of auditory function have
shown that various elements of the auditory
apparatus have been implicated in the
mechanism of hearing loss in those with
leprosy ( 7 ). It has been reported that hear-
ing loss was considered to be of cochlear
origin but the cause of the cochlear pathol-
ogy in leprosy is not clear ( 12 ).

Two vertebral arteries (VA), the basilar
artery (BA) and their branches supply blood
to the brain stem, cerebellum and medulla
containing the vestibular and cochlear nu-
clei and the labyrinth. If a dominant VA is
occluded, then blood flow to these nuclei
and the labyrinth may be diminished mark-
edly and cochleo-vestibular symptoms may
occur ( 16 ). Doppler ultrasonography of the
cervical vessels and vertebral artery has
made the detection of even a small vascular
lesion possible. In 1965, Miyasaki and Kato
( 14) reported a Doppler ultrasound record-
ing of the blood flow velocity in the external
arteries supplying the brain and the laby-
rinth. This technique is a safe and nonin-
vasive method, and gives information about
the above-mentioned arteries.

The aim of this study is to investigate the
flow of the vertebral arteries in lepromatous
leprosy patients and to detect the possible
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cause of the cochleo-vestibular pathology
which occurs in leprosy.

MATERIALS AND METHODS
The study was performed on 36 patients

with leprosy aged 30 to 56 years (27 males
and 9 females; average age, 42 years). Twelve
age- and sex-matched normal individuals
attending an ear, nose and throat clinic were
assessed as controls. Thirty-two patients had
lepromatous leprosy; 4 patients, the tuber-
culoid form. The maximum duration of the
disease was 43 years; minimum, 7 years;
mean duration, 28 years.

Systemic, neurological and otorhinola-
ryngological examinations were made. Tun-
ing fork tests, pure tone audiometry (inter-
acoustics, AC 5 clinical computed audi-
ometer), and tests of stance and gait were
done with relevant techniques (9 ).

Color Doppler ultrasound flow imaging
examinations were performed using ATL 5
MHz linear array transducers and both ver-
tebral arteries were tested simultaneously.
The subjects were placed in a supine posi-
tion. The extracranial portion of the ver-
tebral artery was explored behind the mas-
toid, and the probe was positioned in a ver-
tical depression 1 cm underneath and pos-
terior to the mastoid, behind the occipital
head of the sternocleidomastoid muscle. A
good-quality Doppler spectrum was ob-
tained and the measured mean velocities
were averaged. This measurement gave a
time-average velocity of the flow through
the vessel. The internal lumen diameter was
determined. From this diameter, a cross-
sectional area was calculated that, when
multiplied by the time-average velocity,
gave a quantitative flow in milliliters per
minute in the vessel. The peak velocity of
the flow was measured. The vertebral artery
flow was assessed in the right and left ver-
tebral arteries in both leprosy patients and
controls.
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TABLE 1. Frequency of hearing loss in the^TABLE 2. Total mean flow and maximal
leprosy patients and controls.a^peak flow velocities in the leprosy patients
^  and controls.

Sensor-
ineural Normal
hearing hearing

loss

   

Total Maximal peak
flow velocity

(cm/sec)

Mean flow
velocity
(cm/sec)

Leprosy patients 8 28 36
Controls 0 12 12

" The differences between the leprosy patients and
controls approached statistical significance (p = 0.08,
I-tailed Fisher's exact test).

RESULTS
Thirty-six lepromatous patients were ex-

amined and 8 (22.2%) were found to have
sensorineural hearing loss. Of these 8 pa-
tients, 4 had mild (27-40 dB hearing loss
for both air and bone conduction), 3 had
moderate (41-55), and 1 had severe (71-
90 dB) sensorineural hearing loss. There was
no hearing loss in the control group (p =
0.008; Table 1). In the hearing loss group,
the speech detection threshold was lower
than normal, the tone-decay test showed 0-
25 dB, and the Metz recruitment test was
positive in 7 patients. These findings were
normal in the controls.

Caloric test results in 36 patients showed
4 abnormal values; 2 patients were found
to have canal paresis, the other 2 ears could
not be stimulated by hot or cold air stimuli.

Spontaneous nystagmus was demonstrat-
ed in 4 patients, and abnormalities in pos-
tural tests were demonstrated in 2 patients;
1 was found to have a positive Romberg,
the other had a positive Unterberger's test.
These test findings were normal in the con-
trol group.

Vertebral artery hemodynamics, mean
flow velocity and maximal peak velocity,
were assessed first by individually measur-
ing the flow in the right and left vertebral
arteries and then adding these two values
together to give a total or net vertebral ar-
tery flow. The results of the vertebral artery
hemodynamics were compared with the
right and left side and also with the controls
(Table 2). There was a statistical significance
when comparing the total maximal peak flow
velocity of the vertebral artery of the lep-
romatous patients and the controls (p =
0.011). Although there were no statistically
significant differences between the leprosy

Controls Patients^Controls Patients

Mean 0.423 0.36' 0.117 0.146"
S.D. 0.058 0.053 0.064 0.059
No. 12 36 12 36
Minimum 0.35 0.25 0.05 0.05
Maximum 0.57 0.47 0.29 0.30

Significantly less than controls, p = 0.011, Student's
/ test, 2-tailed.

'' Not significantly different from controls, p = 0.155,
Student's t test, 2-tailed.

patients with and without hearing loss with
respect to their results of total mean flow
velocity and maximal peak flow velocity,
there was a statistically significant difference
between the total maximal peak flow ve-
locity of the lepromatous patients with hear-
ing loss and the controls (p = 0.002; Table
3). Six (75%) of the 8 patients with senso-
rineural hearing loss were found to have
both abnormal hearing tests and abnormal
vertebral flow velocities.

DISCUSSION
The possibility of a relationship between

hearing loss and leprosy was proposed by
Latif(' 3 ) and is reported to be a gradual and
progressive hearing loss in 11% of a series
of 101 leprosy patients, a few of whom also

TABLE 3. Total mean flow and maximal
peak flow velocities in the leprosy patients
with hearing loss and controls.

Maximal peak
^

Mean flow
flow velocity^velocity

(cm/sec)
^

(cm/sec)

Controls Patients Controls Patients

Mean 0.423 0.34' 0.122 0.127"
S.D. 0.058 0.039 0.061 0.053
No. 12 8 12 8
Minimum 0.35 0.25 0.05 0.05
Maximum 0.57 0.40 0.29 0.23

Significantly less than controls, p = 0.002, Student's
/ test, 2-tailed.

" Not significantly different from controls, p = 0.852,
Student's t test, 2-tailed.
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were found to have vestibular dysfunction
( 10). Audiograms on patients with Hansen's
disease are interpreted as specific evidence
of cochlear and acoustic nerve damage, and
are reported to show decreases in the range
of bone conduction in 52% of patients, ves-
tibular involvement in 31%, and nystagmus
in a few patients ( 6 ' 18 ).

In our study, although the difference in
the rates of hearing loss between the two
groups is not statistically significant (which
could be due to the small number of con-
trols, N = 12), there was an increase (22%)
in the rate of sensorineural hearing loss in
the leprosy group. Tone decay and Metz
recruitment tests suggested that the hearing
loss was of cochlear origin rather than a
direct involvement of the acoustic nerve.
No attempts have been made to demon-
strate the presence of Hansen's bacillus in
the inner ear or in the acoustic nerve be-
cause our leprosy patients are still alive. Eti-
ologic factors that could explain this hearing
loss in leprosy have been investigated. The
ages of the patients with hearing loss were
younger (mean 43 years). Therefore, senility
as the cause of the sensorineural hearing loss
in the eight patients is not a factor. Another
possible cause, streptomycin, was received
by only two patients (7.2%) as part of their
treatment. The administration of the drug
was irregular and, also, no hearing loss was
found in these two patients who had re-
ceived streptomycin. The rest of the pa-
tients received dapsone preparations, which
are not known to have any side effects on
hearing or on the eighth nerve.

Caloric testing demonstrated vestibular
abnormality in 11% of the leprosy group; 2
of these patients demonstrated unilateral
weakness, in another 2 no stimulation of
the canal was achieved. In addition, 5.6%
of the leprosy patients had abnormalities on
postural testing (positive Romberg and Un-
terberger tests).

Central nervous system involvement has
been described, and the impairment of both
parasympathetic and sympathetic functions
has been demonstrated in lepromatous pa-
tients (1, 12 ).) The sympathetic damage was
always associated with parasympathetic
damage, and the severity of the autonomic
neuropathy was found to be higher in those
having leprosy for a longer duration. It has

been reported that the incidence of auto-
nomic neuropathy in a series was from
14.3% to 57% for various tests ( 15 ).

It has been thought that arterial involve-
ment in leprosy was frequent and that the
vessels in leprosy showed smooth tapering,
absence of collaterals, and occlusion of ves-
sels. Sixty arteriograms were done in 20 lep-
romatous leprosy cases and these lesions
were seen in 25% of the cases ( 7 ). It has been
reported that decreased blood flow through
the arteries can lead to ischemia, and arte-
riographic findings are directly proportional
with the age of the patient and the duration
of the plantar ulcer ( 1 ' 8 ).

Doppler ultrasonography might be able
to identify a group of patients who, with
normal cerebral vasculature or only mild
anatomic disease, have abnormal hemo-
dynamic function that might contribute to
their disease ( 4 ). Doppler ultrasonography
also may provide a valuable diagnostic
method of detecting abnormal hemody-
namics to determine the potential for such
ischemia. Strong vertebral artery flow often
is associated with severe cerebrovascular
disease in other vessels. In normal artery
flows, the mean peak velocity will range from
20 to 40 cm per second; in cases of signif-
icantly diminished flow, this value will typ-
ically be less than 10 cm per second ( 5 ).
Functionally, such measurements should
provide additional insights into the perfor-
mance of the vertebrobasilar system. These
data suggest that these symptoms may relate
to inadequate vertebral artery blood flow
( 5 ). There are many reports in the literature
about the reliability of Doppler sonography
in the diagnosis of stenotic lesions in the
vertebral artery. Some of the questions of
reliability may be related to recordings from
the vertebral arteries being made with dif-
ferent techniques and at different anatomic
levels.

In lepromatous patients, the velocity of
blood flow in the cutaneous lesions was
measured by laser Doppler velocimetry and
was found to be slightly faster over the le-
sion than in adjacent uninvolved skin. There
was relatively little difference between mea-
surements at the edge and center of indi-
vidual plaques or between the plaques in
the same patient, but there were consider-
able differences between patients. Laser
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Doppler velocimetry might be prove to be
a useful, clinically acceptable, noninvasive
technique for monitoring the severity of hy-
peremia ( 2 ).

In the present study, we examined the
vertebral arteries simultaneously at the lev-
el of the submastoid region with a color
Doppler ultrasound technique. Total max-
imal peak flow velocities in the vertebral
arteries of the lepromatous patients were
lower than in the controls. We also have
found a significant difference between the
total maximal peak flow velocities of the
lepromatous patients with hearing loss and
the controls. In contrast, we could not detect
any difference between the total maximal
flow velocities of the lepromatous patients,
with and without hearing loss, with respect
to their total mean flow velocities.

Diminished blood flow of the vertebral
artery affects the nutrition of the structures
containing the vestibular and cochlear nu-
clei, the labyrinth and brain stem, etc. Some
symptoms related to this structure may oc-
cur as a result of this malnutrition of this
structure, including hearing loss, tinnitus,
and dizziness, resulting from diminished
blood flow to the cochleovestibular nuclei,
the labyrinth or brain stem.

The blood flow of the vertebral artery may
be greatly affected by such factors as lesions
of the vertebral artery itself or autonomic
nervous system pathology occurring in lep-
rosy. Sensorineural hearing loss might be
attributed to the disease process of leprosy
because of the diminished flow to the coch-
lea. Lepromatous patients should be studied
in a vertebral artery angiographic investi-
gation and autonomic nervous system ex-
amination in order to detect the probable
cause of this diminished blood flow.

SUMMARY
Thirty-six patients with leprosy and 12

sex- and age-matched controls were inves-
tigated for disorders of the audiovestibular
system, and vertebral artery measurements
were calculated using a color Doppler ul-
trasound technique. Sensorineural hearing
loss found to be of cochlear origin was de-
tected in 8 of the leprosy patients. Maximal
flow velocity and mean flow velocity were
measured, and the total vertebral artery flow
was calculated by adding flows from the right

and left sides. There was a significant re-
duction in the total maximal peak flow ve-
locity of the vertebral artery of the lepro-
matous patients compared to the controls.
Doppler sonography of the vertebral artery
gave useful information about some pa-
thology seen in lepromatous patients.

RESUMEN
Trcinta y seis pacientes con lepra y 12 controles de

su misma cdad y sexo Sc sometieron a cstudios pars
buscar desOrdenes del sistema audiovestibular. Tam-
bien se hicieron mediciones en la arteria vertebral
usando la tecnica do sonografia de Doppler. Se encon-
tra una perdida sensoneural auditiva de origen coclear
en 8 de los pacientes con lepra. Se midieron tanto la
maxima velocidad de flujo como la velocidad media
de flujo. El flujo total de Ia arteria vertebral se calculi)
adicionando los Ilujos de los lados derecho e izquicrdo.
Hubo una diferencia significativa en la velocidad del
flujo maxim() de Ia artcria vertebral entre los pacientes
lepromatosos y los controles. La sonografia de Doppler
de la artcria vertebral proporcionO information
sobre la patologia de los pacientes lepromatosos.

RESUME
Trente-six patients lepreux et 12 temoins apparies

pour Ic sexe et l'age ont etc examines pour la recherche
de desordres du systeme audio-vcstibulaire, et les me-
sures de Eartere vertebrate ont etc calculees par une
technique a ultra-sons de Doppler. Unc perte d'audi-
lion sensori-nerveuse d'origine cochleaire a etc trouvee
chez huit des malades de Ia lepre. La velocite maximalc
en flux et la velocitê moyenne ont etc mesurees, et Ic
flux total de Eartere vertebrate a etc calcule en addi-
tionnant Its flux des cotes gauche et droit, II y avait
une difference significative entre le pie maximum total
de velocite de l'artere vertebrate des patients lepro-
mateux et des ternoins. La sonographie Doppler de
Partere vertêbrale a donne des informations utiles a
propos de certaines pathologies observêes chez des ma-
lades dela lepre.
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