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selectively clamping the anteroinferior cerebellar artery
normally abolishes the CAP within seconds, and the ef-
fect becomes permanent after 8 minutes of ischemia.
When subjects were pretreated with allopurinol or SOD—
polyethylene glycol followed by ischemia, CAP thresh-
olds were maintained [34]. Additionally, these experi-
ments were extended to study noise-induced hearing
loss, which has been shown to cause vascular perturba-
tions. In the groups pretreated with scavengers and
blockers of ROMs, less of a threshold shift occurred as
compared to controls (p < .05) [35]. Recent investiga-
tions have supported the view, for example, that ami-
noglycosides damage the cochlea by ROM formation
when they combine with iron as an aminoglycoside-iron
complex. Thus, iron-chelating agents have been useful
in attenuating this damage [36]. This group has also
demonstrated the possible relationship of dietary fac-
tors and ototoxicity. Specifically, a ROM scavenger (glu-
tathione) was shown to attenuate gentamicin-induced
hearing loss in guinea pigs after maintenance on a low-
protein diet as opposed to a regular diet [37]. The same
researchers have reported evidence of gentamicin con-
version to a cytotoxin, with implications for the partici-
pation of sulfhydryl-sensitive groups or ROMs in this
conversion [38].

Other investigators have found similar mechanisms
underlying ototoxicity secondary to other compounds.
For example, Gabaizadeh et al. [39] have shown ROM
scavengers affording protection from cisplatin. Direct
ROM-induced cochlear injury after cisplatin adminis-
tration has been demonstrated in guinea pigs [40]. This
group also has demonstrated protection from trimeth-
yltinchloride-induced ototoxicity with SOD [41].

Many alternative therapeutic options are available,
including grape seed extract from red wine and pine
bark extract, both of which are excellent antioxidants.
Additionally a group of nutritional supplements known
as mitochondrial metabolites enhances mitochondrial
function and energy output. One such compound is a
supplement (patent pending) containing acetyl-L-car-
nitine, a-lipoic acid, glutathione, and coenzyme Q10.
The purpose of a recent study was to describe the ef-
fects of two mitochondrial metabolites—a-lipoic acid
and acetyl-L-carnitine—on the preservation of age-related
hearing loss.

Twenty-one 2-year-old Fisher rats were divided into
three groups: control, acetyl-L-carnitine, and o-lipoic
acid. All subjects were supplemented with a placebo or
one of the two nutritional compounds for 6 weeks. Au-
ditory brainstem response testing was used to obtain
baseline during and after treatment auditory thresholds.
Cochlear, brain, and skeletal muscle tissue was har-
vested to assess for MtDNA changes. Results showed
an age-associated threshold deterioration of 3—7 dB in
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the control group over the 6-week study. Both subjects
treated with acetyl-L-carnitine and those treated with
a-lipoic acid experienced a statistically significant
overall improvement in auditory thresholds during the
same period. These findings support the notion that a de-
crease in mitochondrial function with age can be slowed
by treatment with mitochondrial metabolites [42]. Poten-
tially, this outcome may offer some help to patients with
sensorineural hearing loss and, possibly, tinnitus; how-
ever, additional studies clearly are required.

CLINICAL APPLICATION

Use of the information from basic scientific studies per-
mits the application to clinical medicine. Over the last
11 months, we have treated nine patients using a round-
window microcatheter device (IntraEAR, Denver, CO)
to deliver medications to the inner ear. As the primary
problem, the patients had classic Meniere’s disease (n =
5), cochlear variant Meniere’s disease (n = 1), labyrin-
thitis (n = 1), sudden sensorineural hearing loss (n = 1),
or tinnitus (n = 1). The medications used were gentami-
cin (10 mg/ml infused at a rate of 2—4 pl/hr for vertigo
control in the Meniere’s patients); methylprednisolone
(6.25-62.5 mg/ml at rates of 10-40 pl/hr for sudden
sensorineural hearing loss and the cochlear variant
Meniere’s disease); papaverine (3 mg/ml, combined
with the methylprednisolone in the patient with mild
labyrinthitis); or magnesium sulfate (50-100 mg/ml,
used as a glutamate antagonist in the patient in whom
tinnitus is the primary complaint). The patients’ symp-
toms and results are listed in Table 2.

Many treatments are available for the management
of tinnitus. Many of these management alternatives are
directed at improving the symptomatology and helping

Table 2. Symptoms and Results in 9 Patients Treated by
Inner Ear Drug Delivery via a Round-Window
Microcatheter Device

Symptoms Results

Vertigo (6/9)
Fullness (8/9)
Hearing loss (9/9)
Tinnitus (5/9)

Vertigo improved? (6/6)
Aural fullness improved (6/8)
Hearing loss improved® (5/9)
Tinnitus improved® (5/9)

4Data at this time are preliminary and do not meet the American Academy of
Otolaryngology and Head and Neck Surgery reporting criteria of 2 years’ fol-
low-up. However, the vertigo is gone or significantly improved in all six pa-
tients. Each patient had preoperative vertiginous attacks lasting 1-6 hours. One
patient has spells lasting less than 30 seconds, whereas the remainder are free of
vertigo but have experienced mild, occasional imbalance (<30-60 sec). All
would recommend this treatment to their friends and family.

"Hearing improvement was 20 dB at one or more frequencies in 3 of 5 patients
or 10 dB at two or more frequencies in 2 patients. Discrimination score im-
proved by 7-40% in all 5 patients.

“Tinnitus was graded on a scale of 1-10, with 10 being incapacitating. Patients’
symptoms were considered improved if their tinnitus was perceived to be better
by 3 or more points.
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patients to cope with their problem. It is imperative that
we, as physicians, maintain our patients’ interest and
health as our primary focus and adhere to our Hippo-
cratic Oath to “do no harm.” Having said this, our of-
fering hope, education, care, and treatment is vitally
important. Without the willingness to breach new fron-
tiers, we never will advance. Also important is to real-
ize that in the management and care of patients with
chronic disorders having more than one etiology, one
treatment is not likely to work for everyone. Thus, we
physicians must have the willingness to keep an open
mind, to be dedicated to scientific study, to keep our
patients interest as our primary focus, and to offer real-
istic help. Additionally, further studies, including those
that are double-blinded, placebo-controlled, institu-
tional review board—approved, must be performed, but
this requires time, perseverance, and funding.
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