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Abstract: The authors propose the existence of a new entity of autoimmune sensorineural
hearing loss on the basis of diagnostic study and treatment experience with a series of 30
patients. Immunological mechanisms play an important role in the pathogenesis and natural
course of various inner-ear diseases. Patients may present clinically with symptoms resembling Meniere's disease or even with sudden deafness. Currently, no widely used standard
protocol for treatment of this autoimmune sensorineural hearing loss exists. Prompted by
such observations , we implemented a protocol using a particular kind of heparin-sodium
enoxaparin - with a low molecular weight. Patients were randomly assigned to two groups; to
those in the first group, enoxaparin was administered subcutaneously at a dose of 2,000 IU
twice daily for 10 days; the patients in the second group were treated with placebo. At the
beginning and at the end of the therapy period, the patients were evaluated by instrumental
examinations. Specifically excluded were patients with abnormal known coagulation. On discharge, all patients treated with enoxaparin presented both a subjective and objective decrease
in symptoms. No patient experienced side effects from this treatment. The results indicate that
administration of sodium enoxaparin abates sensorineural hearing loss in patients with autoimmune diseases. The clinical response to therapy can confirm diagnosis.
Key Worm: autoimmunity; immune-mediated sensorineural hearing loss; inner-ear disease;
sodium enoxaparin

T

he audiovestibular system can be affected by an
immunological etiology. The clinical presentation of immune inner-ear disease is extremely
variable and depends on the type of immune reaction
and on the site of injury within the inner ear [1]. Immunemediated inner-ear disease, first described by McCabe
[2] in 1979 , typically presents with an idiopathic , progressive unilateral and successive bilateral rapidly
progressive sensorineural hearing loss; the course of
the hearing loss occurs over weeks to months and is
most common in middle-aged women . It may be accompanied by tinnitus and vertigo [2 ,3] .
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We propose the existence of a new entity of immunemediated sensorineural hearing loss (lMSNHL), on the
basis of clinical presentation , diagnostic study, and
treatment experience. In each case, the clinical pattern
did not fit with known entities and thus seemed to merit
distinctive categorization. The 30 patients presented a
clinical symptoms fairly different from that described
by McCabe [2]: These patients were affected by a bilateral, slowly progressive sensorineural hearing loss,
or SNHL (the course of the hearing loss occurring over
years) with tinnitus, without involvement of balance
function, most common in middle-aged men and with
a usually normal clinical examination. Only two patients had a history of a preexisting systemic autoimmune disease (systemic lupus erythematosus [SLED.
A positive response to treatment is a criterion for the
diagnosis of immune inner-ear disease; treatment guidelines are controversial but include corticosteroids, a
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cytotoxic agent, and plasmapheresis. These drugs can
be effective in reversing such hearing loss, although at
the cost of occasionally severe side effects. For these
reasons, we decided to analyze the efficacy of sodium
enoxaparin in the treatment ofIMSNHL [4].

SUBJECTS AND METHODS
We performed the study in Italy during the period from
April 2002 to May 2003. Patient selection was based
on the following inclusion criteria for 30 patients with
bilateral, slowly progressive immune-mediated hearing loss: between 20 and 65 years of age; having a history of a specific immunological disorder with an alteration of 6 of 12 immune blood parameters examined
at the beginning of the protocol; having been affected
by bilateral slowly progressive hearing loss of at least
30 dB of audibility threshold involving the medium
and high frequencies (2,000-4,000 Hz) for at least
1 year; and having provided informed consent. All the
patients confirmed a complaint of tinnitus, and no
patient noted balance disorders (Table 1). Only two
patients were affected by SLE; these two patients had
no specific characteristic that would qualify them as a
subgroup.
At the beginning and at the end of the therapy, all
patients underwent the following instrumental examinations: laboratory tests (prothrombin and fibrinogen
levels); liminal tonal audiometry; tympanometry; oto-

Table 1. Patient Characteristics, Including Modifications of
Some Blood Parameters
No. of Subjects
Characteristic

Group A*

Male
Female
Smoker
Bilateral hearing loss
Tinnitus
Vertigo
Systemic lupus erythematosus
Erythrocyte sedimentation rate
C-reactive protein
Rheumatoid factors
Anti-double-stranded DNA
Antithyroglobulin antibodies
IgG
IgM
IgA
CHso
C3
C4

* Mean age in group A.47.5 yr;

10
5
5
15
15
0
15
8
15
II

6
15
13
14
8
9
5

in group 8,42.5 yr.

Group B*
9
6
6
15
15
0
15
5
15
9
5
15
12
13
9
8

6

acoustic emissions with linear click emission; otoacoustic products of distortion; and subjective assessment of
symptoms on a scale from 0 to 4 (with 0 indicating absence of tinnitus, 1 denoting low tinnitus, 2 meaning
medium tinnitus, 3 indicating high tinnitus, and 4 denoting incapacitating tinnitus).
Others laboratory tests were performed at the beginning of the treatment: erythrocyte sedimentation rate
(ESR), C-reactive protein, rheumatoid factors, antinuclear and antithyroglobulin antibodies, anti-doublestranded DNA antibodies, circulating immunoglobulinsclass G, M, A (IgG, IgM, IgA), and complement levels
(CH so , C3, C4; see Table 1).
Patients were divided randomly into two numerically equal groups (A and B). All patients were hospitalized for 10 days. To those in group A, enoxaparin
was administered subcutaneously at a dose of 2,000 IV
twice daily for 10 days. Group B (control) patients received placebo (0.2 ml of physiological solution) via
the same method of administration [5,6].
Daily during the treatment, we performed the three
aforementioned audiometric examinations: liminal tonal
audiometry, otoacoustic emission with linear click
emission, and otoacoustic products of distortion. We did
not treat patients with (1) a history of thrombocytopenia after heparin treatment; (2) hemorrhagic manifestations or tendencies that are due to disorders of hemostasis but are not heparin-dependent or related to
consumption coagulopathy; (3) organic injuries at risk
of bleeding; (4) renal failure or acute infectious endocarditis; (5) hemorrhagic cerebrovascular events; (6)
allergy to enoxaparin; (7) use in the last 6 months of
cortisone or immunosuppressive drugs; or (8) concurrent use of ticlopidine, salicylate, or nonsteroidal antiinflammatory drugs associated with sodium enoxaparin and with platelet anticoagulants (dipyridamole,
sulfinpyrazone, etc.).

RESULTS
At the beginning of treatment, all patients in the two
groups presented with modifications of some blood
immune parameters (see Table 1). No single blood immune parameter can support a diagnosis of immunemediated disease: we considered the possibility of an
immune-mediated disease when the patients showed a
modification of at least four blood immune parameters.
After therapy, the patients in group A showed an improvement of some immune parameters. The results of
the pretherapeutic and posttherapeutic blood tests are
summarized in Table 2.
On discharge, 13 group A patients (87%) treated
with sodium enoxaparin presented a subjective abate-
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Table 2. Summary of Blood Parameters Before and at the
End of Therapy in Group A

Blood Parameter
Erythrocyte sedimentation
rate (mmlhr)
C-reactive protein (mg/dl)
Rheumatoid factor (IU)
C3 complement component
(mg/dl)
Fibrinogen (mg/dl)
Prothrombin (sec)
IgG (mg/dl)
IgM (mg/dl)
IgA (mg/dl)
C4 complement component
(mg/dl)
CHso complement component
(U)

Antithyroglobulin antibodies
(IU/ml)

Before Therapy

After Therapy

Mean

±SEM

Mean

±SEM

64.8
8.3
280.4

2.26
3.25
3.66

13.8
<3.2
189.1

3.24
3.78

193.3
311.6
98.5
1850.1
282.3
410.7

0.98
11.89
0.69
5.15
3.21
4.13

177.7
312.3
98.7
1629.3
239.6
406.2

0.74
12.01
0.66
4.69
2.78
3.35

48.6

0.23

37.2

1.27

198.5

4.88

197.3

3.60

240.3

2.75

109.3

2.77

SEM = standard error of the mean.

ment of tinnitus. In group A, hearing improved in 11
patients (73%) and was unchanged in 4 (27%): mean
hearing improvement for these patients ranged from
18.6 to 23.8 dB (± 4.79 standard error of the mean in
the 2,000-Hz range and ±4.60 in the 4,000-Hz range
examined).
In the same 13 patients, the evoked otoacoustic
emissions revealed an improvement from "fail" to
"pass," and otoacoustic distortion products, which
previously were absent, were evoked at frequencies
of the tonal field normally examined. The mean value
of scores on the subjective symptom scale fell from
3.8 before the therapy to 1.5 at the end of the therapy.
In the patients with hearing improvement, the scores
fell from 3.8 before the therapy to 1.1 at the end of
the therapy.
In group B, no patient showed an improvement in
auditory function, and the evoked otoacoustic emissions revealed an improvement from "fail" to "pass" in
only two patients. Only two patients (13%) reported a
subjective abatement of tinnitus, and these patients had
no particular characteristics to qualify as a subgroup.
The mean value of scores on the subjective symptom
scale fell from 3.7 before therapy to 3.2 at the end of
therapy.
We made a comparison of groups by the unpaired
t-test, and we analyzed correlations by regression analysis. Probability values at less than .05 were regarded
as significant. We also made comparisons of groups for
repeated measures by analysis of variance. No patient
experienced side effects from this treatment.
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DISCUSSION
The presence of SNHL as part of or in combination
with other autoimmune diseases is well documented in
the literature [7-10]. Hearing loss can be caused by
autoimmune disorders localized to the inner ear or secondary to systemic immune diseases (Cogan's syndrome,
juvenile chronic arthritis, ulcerative colitis, Wegener's
granulomatosis, scleroderma, pulseless disease, and SLE).
A systemic autoimmune disorder can be present in fewer
than one-third of cases [2,7-11].
The clinical presentation of immune-mediated innerear disease can be fairly variable and may include
symptoms similar to those of Meniere's syndrome or
clinical conditions associated with unilateral or bilateral rapidly progressive forms of SNHL [1,2].
Currently, evaluating the importance of an autoimmune phenomenon in the genesis of inner-ear disease is difficult because the clinical and biological criteria of autoimmune deafness have not yet been well
defined. Individual diagnostic criteria (clinical presentation, laboratory studies, and response to treatment)
are nonspecific but, when used in combination, can diagnose immune-mediated inner-ear disease with reasonable success [1,5].
Immunoserological assays of patients with sudden
deafness and progressive hearing losses have revealed
the presence of different antibodies, leading to the assumption that immunological processes may be involved. Recent investigations have demonstrated that
these patients have phospholipid antibodies that can
cause venous or arterial vasculopathies [12,13]. Antiphospholipid antibodies are immunoglobulins of IgG,
IgM, and IgA isotypes that target phospholipid [1416]. They are thought to induce thrombosis by binding
to phospholipids on the surface of platelets and the vascular endothelium. This binding complex is characterized by decreased prostacyclin production by endothelial cells, increased thromboxane production by platelets,
and decreased protein C activation, resulting in vasoconstriction [17-19].
The success of unfractionated heparin in pregnancy
outcomes in women with antiphospholipid antibody
syndrome has stimulated our interest in implementing a
protocol using an anticoagulant-sodium enoxaparinfor patients with sudden IMSNHL [20,21]. Sodium
enoxaparin is a particular kind of heparin with a low
molecular weight and is endowed with a high antithrombotic activity. Like all the other types of heparin,
it belongs to the class of anticoagulants but offers a
number of clinical advantages and has therapeutic effects superior to the other types of unfractionated heparin. This drug exerts its effects essentially on capillary
blood viscosity, erythrocyte deformability, thrombocyte
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aggregation, and antiphospholipid antibody activity and
shows an antiinflammatory action in subcutaneous
administration [21-25].
Although refinements in laboratory tests for specific
inner-ear antigens are being made, nonspecific laboratory indicators of inflammatory or systemic immune
disease may be useful in confirming the diagnosis. For
these reasons, we decided to execute the previously
listed blood tests at the beginning and at the end of
treatment.
The subjective abatement of tinnitus and the improved hearing observed in the patients treated with sodium enoxaparin (group A) led us to evaluate all the
blood parameters so as to justify the effects of sodium
enoxaparin and to confirm the diagnosis of IMSNHL.
In those in group A, the final observed reduction of the
ESR (13.8 mm/hr), C-reactive protein «3.2 mg/dl),
and rheumatoid factor (189.1 IU) confirms the antiinflammatory action of the drug in subcutaneous administration (see Table 2).
The elevated levels of C3 (193.3 mg/dl) and C4
(48.6 mg/dl) indicated an activation of the first part of
the complement cascade and, therefore, suspected inflammatory causes; their final reduction (C3: 177.7 mg/dl;
C4: 37.2 mg/dl) highlighted the antiinflammatory action of sodium enoxaparin in subcutaneous administration (see Table 2) [4,5]. The normalization of the ESR,
C-reactive protein, and rheumatoid factor supports the
combined interaction of the drug with the immune system and inflammatory mechanisms.
At the end point, group A patients showed a decrease of IgG (1629.3 mg/dl) and IgM (239.6 mg/dl)
plasmatic levels; reduction of the initial high titers of
IgG (1850.1 mg/dl) and IgM (282.3 mg/dl) highlights
the possible role of sodium enoxaparin in the antiphospholipid syndrome in patients with immune-mediated
inner-ear disease (see Table 2) .
Hearing loss accompanies some thyroid gland diseases, especially those involving hypothyroidism. Some
authors state that it correlates with the autoimmune
background of certain thyroid gland disturbances. In
accord with the literature, our data suggested an association between the immune-mediated disease and the
thyroid blood hormone level [26]. The final reduction
of plasmatic levels of anti thyroglobulin antibodies
(109.3 IU/ml) highlights the combined antiinflammatory and immunologically modulated action of sodium
enoxaparin (see Tables 1 and 2). We found no significant difference in the other parameters (see Table 2) .
The possible side effects are slight hemorrhaging,
usually due to preexisting risk factors; thrombocytopenia; sometimes serious cutaneous necrosis near the injection site; cutaneous or systemic allergy; and increased transaminase levels [27].
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The blood tests performed at the beginning of therapy highlighted modifications of the single immune parameters in all patients. The hematic alterations of the
immune parameters, the positive response to treatment
in group A patients, and the specific mechanisms of action of sodium enoxaparin can support a diagnosis of
immune-mediated inner-ear disease (see Tables 1 and 2) .
At the beginning of the treatment, our data showed a
high incidence of high blood values of ESR, C-reactive
protein, and rheumatoid factors. The final normalization of these three parameters highlighted their greater
importance in the diagnosis of IMSNHL.
The literature does not report any therapeutic protocols for IMSNHL treatment with sodium enoxaparin or
other kinds of unfractionated heparin. Our decision to
use enoxaparin was based both on the pathogenesis
of this condition and on evaluation of the other classes
of drugs currently used.

CONCLUSIONS
We have tested sodium enoxaparin in all our patients
affected with IMSNHL , and all have shown a marked
lessening of their symptoms (hearing loss and tinnitus).
Because of that outcome, we believe enoxaparin has a
very important role in the therapeutic management of
IMSNHL. A voidance of the need to monitor anticoagulation appears to be the major advantage of this agent
over unfractionated heparins (see Table 2).
Diagnosis of IMSNHL is still based on insufficient
diagnostic parameters. Clinical impressions and laboratory tests and the existence of a typical patient profile
(including clinical course, immunological changes, and
response to therapy) can facilitate diagnosis. The low
number of patients suggests the need for further studies
to confirm the first data that we obtained, but we believe that this kind of therapy produces encouraging
results in the treatment and diagnosis of IMSNHL.
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