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Abstract

The effectiveness of tranexamic acid treatment for sudden deafness was studied in detail. The
results of treatment with tranexamic acid administration in 19 cases (25 ears) of sudden deaf-
ness and two historical control groups using various treatments were compared by the chi square
contingency test. The data suggested that tranexamic acid treatment may be superior to tradi-
tional treatments especially if treatment is begun early. Among ears treated with tranexamic acid,
11 ears (44%) were healed or recovered remarkably, 8 ears (32%) recovered slightly and 6 ears
(24%) were unchanged or worsened. Fibrinolysis in the inner ear may be the pathophysiology of
sudden deafness. Treatment with tranexamic acid starting within 4 days after onset of symptoms
was most effective in patients whose initial audiogram was flat or concave, initial average hearing
loss at 5 frequencies (250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz) was between 23 dB and
76 dB (mean; 45.1 dB) and was not accompanied by dizziness.
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Abstract. The effectiveness of tranexamic acid treatment for sudden
deafness was studied in detail. The results of treatment with tranexamic
acid administration in 19 cases (25 cars) of sudden deafness and two
historical control groups using various treatments were compared by the
chi square contingency test. The data suggested that tranexamic acid
treatment may be superior to traditional treatments especially if treat-
ment is begun early. Among ears treated with tranexamic acid, 11 ears
(44%) were healed or recovered remarkably, 8 ears (32%) recovered
slightly and 6 ears (24%) were unchanged or worsened. Fibrinolysis in
the inner ear may be the pathophysiology of sudden deafness. Treat-
ment with tranexamic acid starting within 4 days after onset of symp-
toms was most effective in patients whose initial audiogram was flat or
concave, initial average hearing loss at 5 frequencies (250 Hz, 500 Hz,
1000 Hz, 2000 Hz and 4000 Hz) was between 23 dB and 76 dB (mean;
45.1 dB) and was not accompanied by dizziness.

Key words : sudden deafness, tranexamic acid, chi square
contingency test.

Treatment of sudden idiopathic sensorineural hearing loss of undetermined
cause still remains inconclusive although various treatments have been suggested
(1-9). In 1976, 4 cases of sudden deafness of obscure origin in whom sensori-
neural hearing loss recovered completely following administration of tra-
nexamic acid (10), an antiplasmin agent, were reported by Ohsaki ez al. (1 1). In
the present study, tranexamic acid was given to 19 patients (25 ears) with sudden
deafness including the above mentioned 4 cases. The therapeutic effect of
tranexamic acid among the 19 cases (25 ears) with sudden deafness was tested
statistically against two historical control groups in which various modes of
therapy had been attempted.

MATERIALS AND METHODS

Diagnostic criteria of sudden deafness. In April 1973, sudden deafness was
recognized as a specific disease by the Ministry of Health and Welfare of Japan,
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and research into the epidemiology, etiology and treatment was started on a
nationwide scale. The diagnostic criteria of sudden deafness were defined by
the Sudden Deafness Research Gommittee of Japan in July, 1973 as follows:

Main symptoms. 1. Suddenly occurring deafness: Patient is able to state
clearly that he noticed deafness on awakening from sleep or when working. 2.
Obscure etiology (including uncertain cases) : All cases lack a clear etiology for
the sudden deafness (includes cases that have minor colds at, or shortly before,
the time of onset). 3. Profound perceptive deafness: A) Perceptive deafness is
not necessarily profound although the deafness may not be noticed in many cases
if it is not profound. B) It is not determined by recruitment. C) Recovery and/or
worsening of hearing acuity is not cyclic. D) In many cases deafness is unilateral,
but in a few, deafness is bilateral concurrently.

Accessory symptoms. 1. Tinnitus: Tinnitus is mostly noticed just before or
after the occurrence of deafness. 2. Dizziness, nausea and vomiting : Dizziness,
which may be accompanied by nausea and vomiting, is occasionally noticed be-
fore or after deafness occurs but is not repeated. 3. Symptoms of other cranial
nerves are absent.

Subjects. The subjects of this study were 19 patients seen in the Ear, Nose
and Throat Clinic, Kobe Nishi-Shimin Hospital, Kobe, Japan between Novem-
ber 1974 and March 1975. Thirteen cases had unilateral and 6 cases bilateral
deafneess. This group consisted of 8 males and 11 females. Six cases were in
their forties, 3 in their thirties, fifties and sixties, 2 in their twenties, and 1 case
each in teens and seventies (Tables 1, 2 and 3).

Treatment. Tranexamic acid was given intravenously and orally daily until
hearing loss returned to normal or hearing acuity became fixed. The concen-
tration of tranexamic acid in blood was maintained at approximately 10" mol in
each patient; 5% tranexamic acid 250 mg (1ml=50mg) was injected intrave-
nously once a day, while 1500 mg of tranexamic acid was given orally three times
a day. All patients were treated in the outpatient clinic and the period of treat-
ment for each patient is shown in Tables 1, 2 and 3.

Type of sudden deafness. Factors which are believed to influence the prog-
nosis of sudden deafness were selected from data that were obtained at the first
examination. These factors include the shape of the initial audiogram, the se-
verity of hearing loss (arithmetical mean of hearing loss at 5 frequencies of
250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz, respectively), the time from onset
of sudden hearing loss to the start of therapy, and the existence of dizziness.

Control groups. Historical control groups were identified from hospital
records. Patients who received commonly used modes of therapy during the
period July 1, 1971- June 30, 1973 were designated as control groups 1 and 2, for
comparison with patients receiving tranexamic acid. Historical controls were
identified from records in university hospitals, national hospitals and other large
hospitals for the two year period ending in June 1973 when nationwide research
by the Sudden Deafness Research Committee of Japan was started. Control
group 1 included 362 ears treated with vasodilators, steroids and vitamins, while
control group 2 included 312 ears treated with anticoagulants, drugs affecting

http://escholarship.lib.okayama-u.ac.jp/amo/vol 34/iss5/4



Ohsaki: Comparison of tranexamic acid (Transamin) and traditional therapy

325

Tranexamic Acid for Sudden Deafness

218 62 %L'99 dPO'Ig+ 9P 1°GH

12 ¥ %G 6L ap 1¢+ dpP 6¢ 18l

12 ¥ %359 gpsi+ 9P £ 1e1q

91 Z %L0F 9P 11+ 4P LZ 1’1q

91 Z %1°9¢  dPgg+ AP 1¥ 1°1q

9¢ (4 %819  dPLy+  dP 9L eld

z¢ ¢ %%°19  dpgg+ 9P g9 telq

<1 0 %0 '98 dp 6y+ 9P LS 2ABOUON

uo1sua}13d Ay Jueudfely 6 8 %128 gPer+ 9P s »¥e3p suoy y3ry
81 ¥ %% 18 dp 6g+ 9P 8 2A®BdUOD

L1 2 %8 “0L apP 3¢+ 9P 8 aABoUOD

RIS BRI AN 26 1 %g'ty  @P I+  €P €2 el

syleuway] %MMMMWZ L%meﬂ 001 % MMM :NMMME v ::%M): ﬂwﬂuum%mmvzm
Jo porrag  jo1asuQ : Burrespy Surreapy us

AIIIAODIY ATEAVHUVWIY VO AIATVAL] [ AT4V ],

*adeys [enpean) : 7
‘P31340231 A[qerjreway :p AdeISy) Jo 135U PUR PILINDIIO SSIUFEIP UIIMIIC POLIDJ 19 *ZE[ 000% PU®e ZE{ 000Z “ZE 0001
‘ZH 006 ‘ZH 0GZ 1t A1nde BULIRIY JO UBSW [EINIWILY :¢ ‘ssaurzzip 4q patuedwoode jou a1om S[qel STy} Ul SISeD [[V i

- - S S - - -S|

-

670y  uBIN
61
d 61 60N
¥
4 S  goN
d ¥ LoN
d 69  groN
W 8  GoN
W 1§ #'oN
d S  g-oN
W IS Z°oN
W 8  [°oN

xag 28y sase)

Produced by The Berkeley Electronic Press, 1980



‘paussIop 12 ‘adeys enpein) :p ‘g pue [ S3[qeJ, UT UMOYS SE JWES Y], 2 ‘g ‘6] pue g

%6°'1— dP8'1—

[ 'soN 3d30xa ssaurzzip oN : »

uBaN

Z°'8 L8 dpP Z-¢8 S'1v
L 4 %0 apP o apP 26 ‘JE3p [e10], d LS
stuneday “1yd pataging L Z %0 apP 0 P 76 ‘Jesp 110, ! W LS 0Z 'ON
L 29 %0 apP o0 aP z6 Jeap 1e10, A W 8¢ 61 'ON
<« 4! g %0 apP o ap 88 ‘Jeop [ero, T d 0s 81 'ON
o sataqerq °H 'd L 2 %% 81— dP ¥1— qp 9. 1Bl 1 d 06 ,L1 ON
A. L o1 %0°L qapP 6+ ap 1L » 3¥3P 3u03 Y3y ke d Ly 91 'ON
Te} -
P (Leq) (Aeq) ssop (QUBIN)  (qUESIN) weidopne
k2 syIeway Aderays Aderayr (oI X ured §S0] P Ie
= Jo poriog mo 19500 WD guieey  Suniesy Jo adeyg d  xog 28y sasen
m (DNINESYOM ONIANTONI) AIONVHON[) *¢ 418V B
")
Mm. E: "UOTIB[NO[ED 313 UI PAPN[OX3 sEM Z[ "oN ‘uondeoxa ue 3q o3 1ysSnory
W % ST SY @y ‘odeys renpets) :2 ‘odeys idnuqy :p ‘[ 9[qe[ Ul UMOYS Sk Jwres YL :2 ‘¢ ‘p] pue [ ‘soN 1d2oxo SSIUIZZIp ON] : v
m. v 4662 ;18 ;%08 AP LL1+ MP1°LS ,L7ES caoHZ;
£ {zH 0008 4[uo
WJ ‘adeys 1dniqe)
m,un L1 II %G '2S gpP 12+ ap ov "Jeap auor ydiyg T 9%
= BZUINJUI.PIIIYNG L1 11 %08 "6 qpP 11+ dpP 8¢ »"3e3p suol ysiy R q 9% SI ON
m 6% 4! %6°L1 apP gl + qpP L9 ,"Je3p auol ydiy T 69
= 63 ¥l Y%o¥ "GE ap ¢+ ap 99 , 'Jeap auol ysiyy d W 69 ¥1 "ON
ko "1 2l9eL Ul [ "ON J° (43 I %% 61 apP 1+ qp 2L ‘Jesp suo) mog A W 8% ¢€1 'ON
M 0¥ 141 %L 1¢ gpP 92+ ap 28 , "Jeap auo1 ydiy T K| ¥9 ¢l 'ON
81 9 %0°1¢ ap 22+ ap 1L p "382P 2u01 Y31y R W 0g 1T 'ON
1z 0 %8 "9¢ gpP 12+ aP LS p ¥eIp suol y3iyg ke d 8L 0l 'ON
(Keq) (AeQ) (queaN)  (queaN) . ,J!‘ -
SIeway Adeiayy CAderayy oI X MHA g:msw ' SSO| Eﬁw%zu:m Ieq xag 928y sasen)
% jopouag  jo 13sup D Burreoyy  Surrespy Jo adeus v
g - I

AIYIAODIY ATLHOITS 7 FI4AV ],

http://escholarship.lib.okayama-u.ac.jp/amo/vol 34/iss5/4



Ohsaki: Comparison of tranexamic acid (Transamin) and traditional therapy

Tranexamic Acid for Sudden Deafness 327

the autonomic nervous system and stellate ganglion blocks. The results of con-
trol group therapy are shown in Table 4.

TaBLE 4. ProGNOSIS BY TREATMENT AND INTERVAL FOLLOWING DISEASE ONSETY

Onset of Healed Remarkably Slightly Unchanged

Therapy therapy® recovered recovered or worsened Total No.
(Day) No. % No. 95, No. % No. 9%
0-3 18 17.7 22 21.6 24 23.5 38 37.2 102
Gont‘rol 1 4- 7 25 24.5 29 28.4 18 17.7 30 29.4 102
\vasodilators, 8-14 7 75 14 149 23 24.5 50 53.1 94
steroids, vitamins)
1971-1973 15-30 0 — 1 7.1 0 — 13 92,9 14
>31 3 6.0 1 2.0 13 26.0 33 66.0 50
Total 53 14.6 67 18.5 78 21.6 164 45.3 362
0- 3 11 15.3 18 25.0 21 29.2 22 30.5 72
Control 2
(anti-coa_gulants, 4- 7 14 15.6 22 24.4 29 32.2 25 27.8 90
autonomic 8-14 8 9.8 18 220 23 28.0 33 40.2 82
nervous agents,
ganglion blockers) 15-30 3 1.7 0 — 5 20.4 9 52.9 17
1971-1973 =31 2 3.9 7 13.7 5 9.8 37 72.6 51
Total 38 12.2 65 20.8 83 26.6 126 40.4 312
0- 3 6 46.2 1 7.7 2 15.4 4 30.7 13
4- 7 3 75.0 0 — 1 25.0 0 - 4
Tranexamic acid
1974-1975 8-14 1 16.7 0 — 4 66.6 1 16.7 6
15-30 0 — 0 — 0 — 0 — 0
>31 0 - 0 — 1 50.0 1 50.0 2
Total 10 40.0 1 4.0 8 32.0 6 24.0 25

a: No. indicates number of ears (not patients’ number).
6: Interval between disease onset and onset of therapy.

Therapeutic effects. The chi square contingency test was used for comparing
therapeutic effects.

Standards of hearing recovery. Standards of hearing recovery were defined
by the Sudden Deafness Research Committee of Japan in October 1974 and have
been previously described (12). Standards of hearing recovery are summarized
as follows :

Healed : 1. Cases who had recovered within 20 dB at 250 Hz, 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz, respectively. 2. Cases in whom the diseased ear recovered
to the same auditory state as the healthy ear, and hearing acuity in the healthy
ear was stable.

Remarkably recovered : Cases in whom arithmetical mean of hearing loss at
250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz was recovered by 30 dB or more.
Slightly recovered : Cases in whom arithmetical mean of hearing loss at above
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5 frequencies recovered by 10 dB up to 30 dB.
Unchanged (including worsening) : Cases in whom arithmetical mean of hearing
loss at above 5 frequencies changed within 4. 10 dB.

RESULTS

Results and its classification of tranexamic acid treatment. Nineteen cases (25
ears) of sudden deafness were treated with tranexamic acid. Patients were
divided into 3 groups based upon treatment response: healed or remarkably
recovered, slightly recovered, and unchanged or worsened.

Each of the results was compared in regard to audiogram shape, severity
of hearing loss, interval between hearing loss and treatment, and the presence
or absence of dizziness. Results are given in Tables 1, 2 and 3.

In the healed or remarkably recovered 9 cases (11 ears) without dizziness
(Table 1), therapies were started between the day of onset and day 8 after the
onset of sudden hearing loss. The shape of audiogram was flat or concave in
most cases, the severity of the average hearing loss in 5 frequencies was be-
tween 23 dB and 76 dB (X =45.1dB) and the amount of the average hearing im-
provement at 5 frequencies after therapy was from 11dB to 49 dB (x =31.0 dB).

In the slightly recovered 6 cases (8 ears) (Table 2), 4 cases (5 ears) were
without dizziness and the remaining 2 cases (3 ears), with dizziness. Therapy
was started between the day of onset and day 14 after onset except for one case
on which therapy was started on day 121 after onset. Audiograms obtained
before therapy showed the shape of high tone deafness in most cases and the
severity of the average hearing loss at 5 frequencies was from 28 dB to 82 dB
(Xx=57.1dB). The amount of average hearing improvement at 5 frequencies
after therapy was between 11dB and 26 dB (x=17.7 dB).

In the unchanged or worsened 5 cases (6 ears) (Table 3), 3 were without
dizziness; remaining two had dizziness. Therapy was started from day 2 to day
33 after onset. Audiograms showed the shape of total deafness in most cases
and the severity of the average hearing loss at 5 frequencies was between 71dB
and 92 dB (xX=85.2 dB). The amount of average hearing improvement at 5
frequencies after therapy was from —14dB to 5dB (x= —1.8dB). However,
one case who had concomitant diabetes mellitus showed the flat shape of sudden
hearing loss in the initial audiogram, and subsequently worsened.

The percent of hearing recovery in the three categories was 66.7, 33.2 and
—1.9%, respectively (Tables 1, 2 and 3). In the healed or remarkably re-
covered group (Table 1), patients Nos. 8 and 9 showed bilateral hearing loss.
The percent hearing recovery was 56.1, 40.7 and 65.2, 79.5% in each ear, re-
spectively. In the slightly recovered group (Table 2), patients Nos. 14 and 15
showed bilateral involvement, with the percent hearing recovery being 35.4,
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17.9 and 39.3, 52.5% respectively. In the unchanged or worsened group (Table
3), patient No. 20 had 0% recovery in both ears. Of particular interest was a
patient with bilateral involvement, whose left ear showed 47.87, recovery and
right ear 19.49, recovery. Using the stated critera, this patient’s left ear was
grouped as healed or remarkably recovered (No. 1 in Table 1) and the right ear
as slightly recovered (No. 13 in Table 2).

The results of treatment after the onset of hearing loss are shown in Table
4.

Statistical comparison of controls. When the results of control therapies were
compared to each other by the chi square contingency test, the differences were
not statistically significant (Table 4). When each control group was tested
against the tranexamic acid treated group (Table 5), the results were statisti-
cally significant (p<C0.01).

TasLE 5. CHI SQUARE CONTINGENCY TEST OF TREATMENT GROUPS BY PROGNOSIS

Remarkably Slightly
Therapy Healed recovered recovered Unchanged ”ll:lotal
0.
Obs. Expect. Obs. Expect. Obs. Except. Obs. Expect.

Control 1 53 52.31 67 68. 88 78 87.52 164 153.29 362
Control 2 38 45.08 65 59. 36 83 75. 44 126 132.12 312
Tranexamic acid 10 3.61 1 4.76 8 6. 04 6 10. 59 25
Total 101 133 169 296 699

Obs. : Observed number, Expect.: Expected number.

DISCUSSION

Tranexamic acid, developed by Okamoto, S. and Okamoto, U. (13) in 1962
is an antiplasmin drug which is used clinically as a hemostatic agent to control
oozing of blood in the plasmic or fibrinolytic state. The formula and chemical
name of tranexamic acid (10) are HZN-OH2—<—> -COOH and trans-4-amino-
methyleyclohexane-carboxylic acid (abb. AMCHA). Its molecular weight is 157.

The material used in this study is Transamin, a brand name of tranexamic
acid which is new investigational drug not approved for marketing by the Food
and Drug Administration (F. D. A.) in the United States. Tranexamie acid (14)
has the actions and uses of aminocaproic acid. It is reported to be 7 to 10 times
more potent and to be less toxic than aminocaproic acid, produced by Lederle
Laboratories under the name Amicar which is approved by the F. D. A..

When a new agent is thought to be effective for treating some diseases, it is
necessary to evaluate objectively whether this new agent is in fact effective.
Though double blind, controlled studies are well known techniques to evaluate
drugs, the ethical problem of treating sudden deafness precludes this methodolo-
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gy (2-4,6, 12). For this reason historical controls were selected for comparison.

In data analysis, various parameters which were readily determined were
used to evaluate prognosis. However, we consider that interval between disease
onset and treatment have the greatest influence on the prognosis. In a limited
19 cases shown in Tabes 1, 2 and 3, age was not correlated with prognosis. We
think, therefore, that other factors, e.g., hearing loss and early treatment, are
more closely related to the effectiveness of therapy.

As the molecular weight of tranexamic acid (10} is very low (157) com-
pared with other drugs, we believe that tranexamic acid can easily reach the
inner ear in adequate blood concentration.

In general, fibrinolysis might influence acceleration of permeability in
tissue, tissue edema and extravascular red cell oozing (15, 16). If we assume
that tranexamic acid, an antifibrinolytic agent, acts thus on the inner ear, then
it would be logical to assume that sudden deafness is caused by an increase of
fibrinolytic activity. Control of the fibrinolysis, especially in early stages,
should be associated with better recovery of hearing.

Morimitsu et al. (17) recently proposed an idea about the pathophysiology
of sudden deafness regarding meglumine diatrizoate treatment. Sudden hearing
loss without vertigo could be due to a breakdown in the blood-cochlear barrier
in the area of the stria vascularis with a subsequent decrease in the endocochlear
DC potential. They suggest that because of the molecular weight and character
of meglumine diatrizoate, the broken membrane pores are filled and the sodium
pump is activated again to produce normal endolymph.

Schuknecht et al. (18, 19) performed autopsies the patients, 9 days to 20
years after the onset of sudden deafness. They showed atrophy of the organ of
Corti, tectorial membrane and stria vascularis, suggesting viral labyrinthitis. On
the other hand, Gussen (20) reported total loss of the organ of Corti, severe
degenerative changes of stria vascularis, spiral ligament, outer sulcus cells and
distal cochlear nerve fibers, and fresh hemorrhage in the temporal bone relating
to the terminal subarachnoid hemorrhage. These occurred 2 months before
death.

Regarding the pathological studies of sudden deafness within the time of
coch.lear dysfunction before irreversible changes occur, it is almost impossible to
ob.tam specimens as no patients die so soon after the onset of sudden hearing loss
without systemic serious complication. So, at present, it is reasonable to spec-
ulate about the pathophysiology of sudden deafness being reversible.

On the basis of clinical data in our series of 19 cases (25 ears) of sudden
deafness, we classified cases assuming that fibrinolysis did occur in the inner ear
in.thfe group of healed or remarkably recovered as follow : therapy was started
within day 4 after the onset of sudden hearing loss; the shape of the initial
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audiogram was flat or concave ; the patients did not complain of dizziness ; and
the initial average hearing loss at 5 frequencies was between 23 dB and 76 dB.
Among slightly recovered patients, fibrinolysis could have occurred, especially
in the cases of high tone deafness, at an early stage following the onset of sudden
deafness.
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