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Abstract

Objective. To investigate the effects of combination therapy with and without batroxobin, and
the frequency of batroxobin use on the prognosis of profound sudden sensorineural hearing
loss.
Methods. Hearing recovery in the batroxobin group (231 patients) and non-batroxobin group
(56 patients) was compared. The correlation between the number of times batroxobin was
used and hearing recovery was analysed.
Results. The decrease in hearing threshold and overall improvement rate in the batroxobin
group with hearing loss exceeding 100 dB HL was significantly higher than that in the
non-batroxobin group. There was no linear correlation between the number of times batrox-
obin was used and the overall improvement rate. Using batroxobin two to three times achieved
a therapeutic effectiveness plateau.
Conclusion. Batroxobin can improve the efficacy of combination therapy for profound sud-
den sensorineural hearing loss exceeding 100 dB HL, and using batroxobin two to three times
yields the maximum overall improvement rate.

Introduction

Sudden sensorineural hearing loss (SNHL) is a medical emergency defined as an
acute loss of 30 dB or more in at least three contiguous audiometric frequencies
over a period of less than 3 days.1 In China, sudden SNHL can be classified into dif-
ferent types based on the frequency and degree of hearing loss: high or low frequency,
and flat or profound.2 Profound sudden SNHL, characterised by decreased hearing
thresholds in all frequencies from 250 to 8000 Hz and an average threshold of greater
than or equal to 81 dB HL, is the most severe type of sudden SNHL. It accounts for
26.95 per cent of all cases and has the lowest cure rate of the four types of sudden
SNHL.3

One-third of patients with profound sudden SNHL do not experience any improve-
ment in hearing after treatment,3,4 and so there is considerable difficulty in improving
the therapeutic effects in profound sudden SNHL patients. The pathogenesis of pro-
found sudden SNHL is mainly related to the development of inner-ear vascular embol-
ism or thrombosis;5–7 therefore, guidelines in China recommend the use of
thrombolytics or vasodilators for this condition (no aggregate evidence quality).2

However, American Academy of Otolaryngology–Head and Neck Surgery guidelines
advise against (aggregate evidence quality: grade B) routine prescription of these med-
ications to patients with sudden SNHL because of the unclear pathogenesis of the con-
dition and the lack of research on the efficacy of thrombolytics in its treatment.1 Thus,
there is controversy over whether to use thrombolytics or vasodilators for profound
sudden SNHL.

Batroxobin, a serine protease isolated from the common lancehead or fer-de-lance
(Bothrops atrox moojeni) venom, has been studied for the treatment of deep vein throm-
bosis and cerebral infarction because of its ability to promote thrombolysis, prevent
thrombus recurrence and provide neuroprotection.8–10 Previous studies have shown
that the use of batroxobin alone resulted in significantly better hearing recovery than cor-
ticosteroid therapy in patients with sudden SNHL.11–14 Combination therapy is the first-
line option for profound sudden SNHL in China. However, there are few studies on the
differences in the efficacy of combination therapy with and without batroxobin for this
condition.

This study investigated the effects of combination therapy with and without batroxobin
on the prognosis of profound sudden SNHL. Additionally, we explored the correlation
between the number of times batroxobin was used and hearing recovery in profound sud-
den SNHL.
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Materials and methods

Ethical declaration and subject selection

This retrospective case–control study was conducted in
accordance with the Declaration of Helsinki and was approved
by the ethical committee. From January 2015 to December
2022, a total of 287 patients with profound sudden SNHL
were included. The inclusion criteria were: a reduction of all
frequencies, from 250 to 8000 Hz, with an average hearing
threshold greater than or equal to 81 dB HL, occurring within
3 days or less; a time prior to treatment of no more than two
weeks; and first treatment administered at the First Affiliated
Hospital of Chongqing Medical University. Patients with pro-
found sudden SNHL caused by a stroke, nasopharyngeal car-
cinoma, acoustic neuroma, Ménière’s disease, various types
of otitis media and virus infections, for example mumps and
herpes zoster (Hunter’s syndrome), were excluded from this
study.

Group division and treatment plan

A total of 231 patients with profound sudden SNHL were
assigned to the combined batroxobin therapy group (batroxo-
bin group) and received a combination therapy that included
batroxobin, while 56 patients were allocated to the combined
non-batroxobin therapy group (non-batroxobin group)
because of a shortage of batroxobin during their hospitalisa-
tion. In the batroxobin group, 70 mg of ginkgo biloba extract
was administered intravenously once a day, and oral prednis-
one was administered at a dosage of 1 mg/kg/day for the
first 5 days. After the initial 5 days, 40 mg of methylpredniso-
lone and 0.2 ml of lidocaine were injected into the tympanic
cavity every other day. From the first day of treatment, if the
patient’s fibrinogen level was higher than 1 g/l, batroxobin
was administered intravenously every other day, but if the
fibrinogen level was lower than 1 g/l, batroxobin was stopped
and the patient was suspended for re-examination after 1
day. Batroxobin was continued only when the fibrinogen
level was higher than 1 g/l. In the non-batroxobin group, all
treatment options except batroxobin were the same as those
in the batroxobin group. The entire treatment lasted for two
weeks.

Pure tone audiogram

Hearing tests were performed using air- and bone-conduction
pure tone audiometry during screening and after one and two
weeks of treatment. Efficacy evaluation calculated the average
of all frequencies from 0.25 to 8 kHz, including 0.25, 0.5, 1,
2, 4 and 8 kHz. The degree of hearing recovery was classified
into four categories: no improvement, improvement, notable
improvement and complete recovery. No improvement was
defined as an improvement in hearing levels of less than
15 dB HL, while improvement was defined as an improvement
in hearing levels of 15–30 dB HL. Notable improvement was
defined as an improvement in hearing levels of more than
30 dB HL, and complete recovery was defined as a restoration
of hearing levels to those of the unaffected ear or to normal
levels.

Statistical analysis

Statistical analysis was performed using statistical software SPSS
version 22.0 (SPSS, Chicago, Illinois, USA). A p-value of less

than 0.05 was considered statistically significant. The chi-square,
Mann–Whitney and Kruskal–Wallis tests were used for com-
paring the groups, and Spearman correlation analysis was
used to analyse the correlation between the number of times
batroxobin was used and the overall improvement rate.

Results

The demographic and clinical characteristics of the patients in
the batroxobin group and the non-batroxobin group are pre-
sented in Table 1. No statistically significant differences among
the potentially confounding factors known to impact the prog-
nosis of sudden SNHL were observed between the two groups.

After a two-week treatment period, the hearing threshold of
patients in the batroxobin group decreased by 22.53 ±
21.25 dB, while that in the non-batroxobin group decreased
by 18.20 ± 22.21 dB, with no significant difference between
groups ( p = 0.062). The improvement in hearing thresholds
between the two groups of patients with different initial hear-
ing loss levels was also compared. The results showed that in
patients with initial hearing loss of less than or equal to
90 dB HL in the batroxobin group, the hearing threshold
decreased by 28.26 ± 25.31 dB, while in patients in the non-
batroxobin group, it decreased by 28.50 ± 31.31 dB, with no
significant difference ( p = 0.975). In patients with initial hear-
ing loss exceeding 90 dB HL in the batroxobin group, the hear-
ing threshold decreased by 20.29 ± 19.05 dB, while in patients
in the non-batroxobin group, it decreased by 15.96 ± 19.45 dB,
with no significant difference ( p = 0.075). In patients with ini-
tial hearing loss of less than or equal to 100 dB HL in the
batroxobin group, the hearing threshold decreased by 28.36
± 22.36 dB, while in patients in the non-batroxobin group, it
decreased by 31.83 ± 24.11 dB, with no significant difference
( p = 0.624). In patients with initial hearing loss exceeding
100 dB HL in the batroxobin group, the hearing threshold
decreased by 15.65 ± 17.63 dB, while in patients in the non-
batroxobin group, it decreased by 6.39 ± 11.12 dB, with a sig-
nificant difference ( p = 0.002).

We also compared the hearing recovery rates between the
two groups of patients. The overall improvement rate was sig-
nificantly higher in the batroxobin group (58.0 per cent) com-
pared with the non-batroxobin group (42.9 per cent) ( p =

Table 1. Demographic data and clinical characteristics of batroxobin and
non-batroxobin groups

Variable
Batroxobin
group*

Non-batroxobin
group† p

Age (mean ± SD);
years)

46.2 ± 16.1 49.2 ± 14.0 0.302

Sex (male/female
(n))

113/118 28/28 0.884

Affected ear (right/
left) (n)

112/119 25/31 0.606

Delay to treatment
(mean ± SD); days)

5.8 ± 4.0 5.4 ± 4.5 0.127

Hypertension
(n (%))

54 (23.4) 17 (30.4) 0.277

Diabetes (n (%)) 14 (6.1) 6 (14.3) 0.220

Vertigo (n (%)) 98 (42.4) 30 (53.6) 0.132

Initial PTA (mean ±
SD); dB HL)

98.8 ± 12.5 100.4 ± 11.1 0.570

*n = 231; †n = 56. SD = standard deviation; PTA = pure tone average
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0.041; Table 2). There were no significant differences between
the two groups in terms of improvement, notable improve-
ment and complete recovery rates. However, when notable
improvement and improvement rates were combined, the not-
able improvement plus improvement rate in the batroxobin
group (55.0 per cent) was significantly higher than that in
the non-batroxobin group (32.1 per cent) ( p = 0.002; Table 2).

The difference in hearing recovery rate stratified by differ-
ent initial hearing loss levels was investigated. The hearing
recovery rates of patients in the batroxobin and non-
batroxobin groups with initial hearing loss of less than or
equal to 90 dB HL were compared, as well as those of patients
with initial hearing loss exceeding 90 dB HL. Apart from the
significant difference in the notable improvement plus
improvement rate between the batroxobin group and the non-
batroxobin group with an initial hearing loss of less than or
equal to 90 dB HL ( p = 0.043; Table 3), there were no signifi-
cant differences in terms of no improvement, improvement,
notable improvement and complete recovery rates between
the two groups with an initial hearing loss of less than or
equal to 90 dB HL and an initial hearing loss exceeding
90 dB HL.

The hearing recovery rates of patients in the batroxobin and
non-batroxobin groups with initial hearing loss of less than or
equal to 100 dB HL were compared, as well as for those with
initial hearing loss exceeding 100 dB HL. The results showed
no significant difference in terms of no improvement,
improvement, notable improvement and complete recovery
rates between the two groups with initial hearing loss of less
than or equal to 100 dB HL. In patients with initial hearing
loss exceeding 100 dB HL, the overall improvement rate in
the batroxobin group (41.6 per cent) was significantly higher
than that in the non-batroxobin group (16.7 per cent) ( p =
0.012; Table 4). Although there were no significant differences
between the two groups in terms of improvement, notable
improvement and complete recovery rates, the improvement
plus notable improvement rate in the batroxobin group (40.6
per cent) was significantly higher than that in the non-
batroxobin group (16.7 per cent) ( p = 0.016; Table 4).

The correlation between the number of times batroxobin
was used and hearing recovery rate in patients with profound
sudden SNHL whose initial hearing loss exceeded 100 dB HL
was also investigated. A total of 106 patients with initial hear-
ing loss exceeding 100 dB HL were divided into six groups
based on the number of times batroxobin was used.
Although there was a significant difference in the constituent
ratio between groups based on the frequency of batroxobin
use ( p = 0.026; Table 5), Spearman correlation analysis showed
no linear correlation between the number of times batroxobin
was used and the overall improvement rate ( p = 0.678;
Table 5). In light of the limited number of patients using
batroxobin one to two times and five to six times, a combined
analysis of patients using batroxobin was conducted. The
results showed that the overall improvement rates of using
batroxobin two to three times compared with four to five
times were 40.0 and 40.1 per cent, respectively, with no signifi-
cant difference ( p = 0.961; Table 5). It was concluded that
using batroxobin two to three times was enough to reach an
effective therapeutic plateau, and increasing the number of
times batroxobin was used did not improve the overall
improvement rate in patients with profound sudden SNHL
whose initial hearing loss exceeded 100 dB HL.

Discussion

The aetiology of profound sudden SNHL is currently unclear,
but it is believed to be associated with vascular embolism or

Table 2. Comparison of degree of hearing recovery between batroxobin and
non-batroxobin groups

Degree of
hearing recovery

Batroxobin
group*
(n (%))

Non-batroxobin
group† (n (%)) p

Complete
recovery

7 (3.0) 4 (7.1) 0.294

Notable
improvement

68 (29.4) 11 (19.6) 0.141

Improvement 59 (25.5) 9 (16.1) 0.132

No improvement 97 (42.0) 32 (57.1) 0.041‡

Notable
improvement +
improvement

127 (55.0) 18 (32.1) 0.002‡

Notable
improvement +
complete
recovery

75 (32.5) 15 (26.8) 0.083

Overall
improvement

134 (58.0) 24 (42.9) 0.041‡

*n = 231; †n = 56. ‡Indicates statistical significance ( p < 0.05)

Table 3. Comparison of hearing recovery rates related to initial hearing levels (90 dB HL)

Degree of hearing
recovery

Initial hearing loss ≤90 dB HL Initial hearing loss >90 dB HL

Batroxobin
group* (n (%))

Non-batroxobin
group† (n (%)) p

Batroxobin
group‡ (n (%))

Non-batroxobin
group** (n (%)) p

Complete recovery 6 (9.2) 3 (30.0) 0.174 1 (0.6) 1 (2.2) 0.388

Notable improvement 26 (40.0) 1 (10.0) 0.137 42 (25.3) 10 (21.7) 0.619

Improvement 13 (20.0) 1 (10.0) 0.749 46 (27.7) 8 (17.4) 0.155

No improvement 20 (30.8) 5 (50.0) 0.401 77 (46.4) 27 (58.7) 0.139

Notable improvement +
improvement

39 (60.0) 2 (20.0) 0.043§ 88 (53.0) 18 (39.1) 0.096

Notable improvement +
complete recovery

32 (49.2) 4 (40.0) 0.838 43 (25.9) 11 (23.9) 0.784

Overall improvement 45 (69.2) 5 (50.0) 0.401 89 (53.6) 19 (41.3) 0.139

*n = 65; †n = 10; ‡n = 166; **n = 46. §Indicates statistical significance ( p < 0.05)
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thrombosis of the common cochlear artery or its spiral
branches.15 The common cochlear artery is the primary
blood supply artery of the cochlea, and its branches are ter-
minal arteries without collateral circulation.16 Normal cochlear
function also requires a significant amount of energy gener-
ated by aerobic metabolism, and is highly susceptible to
reduced blood flow and oxygen supply.17 When occlusion
occurs, therefore, the corresponding areas immediately
become ischaemic and hypoxic, resulting in hearing
impairment.

Batroxobin can reduce the viscosity of whole blood and
plasma, decrease vascular resistance, increase blood flow, and
improve peripheral and microcirculatory disorders;18 there-
fore, it can be used to treat sudden SNHL.11 There are cur-
rently limited clinical studies examining the efficacy of
batroxobin in treating profound sudden SNHL, with some
studies focusing only on the efficacy of batroxobin used
alone. This study used combination therapy, both with and
without batroxobin, to treat profound sudden SNHL, and
compared the differences in efficacy between the two treat-
ment methods.

Several studies have reported on the efficacy of batroxobin
in the treatment of sudden SNHL. Suzuki et al.14 reported
complete recovery and overall improvement rates of 27.1 and
50.0 per cent, respectively, for sudden SNHL with initial hear-
ing greater than 40 dB HL treated with batroxobin alone. Kubo

et al.12 reported a complete recovery rate of 30.5 per cent and
an overall improvement rate of 57.3 per cent using batroxobin
alone to treat sudden SNHL with initial hearing loss exceeding
55 dB HL. These studies explored the effectiveness of batroxo-
bin monotherapy in treating sudden SNHL that was moderate
to severe. The current study found that the complete recovery
and overall improvement rates of combined batroxobin ther-
apy for profound sudden SNHL exceeding 80 dB HL were
3.0 and 58.0 per cent, respectively. Although the initial hearing
of sudden SNHL patients in this study was greater than 80 dB
HL, the overall improvement rate of these patients receiving
combined batroxobin therapy was similar to that reported in
the above studies. However, the complete recovery rate of
patients receiving combined batroxobin therapy in this study
was significantly lower than that reported in previous studies,
possibly due to the worse initial hearing loss of patients in this
study.

Kubo et al.12 used batroxobin for sudden SNHL that did
not respond to corticosteroids, and obtained favourable results.
It has also been reported that batroxobin, rather than corticos-
teroids, was more suitable for patients with profound sudden
SNHL.13,14 That study found that overall improvement rate
was significantly higher in the combined batroxobin therapy
group compared to the combined non-batroxobin therapy
group. The notable improvement plus improvement rate in
the combined batroxobin therapy group was also significantly

Table 4. Comparison of hearing recovery rates related to initial hearing levels (100 dB HL)

Degree of hearing
recovery

Initial hearing loss ≤100 dB HL Initial hearing loss >100 dB HL

Batroxobin
group* (n (%))

Non-batroxobin
group† (n (%)) p

Batroxobin
group‡ (n (%))

Non-batroxobin
group** (n (%)) p

Complete recovery 6 (4.8) 4 (15.3) 0.123 1 (0.9) 0 (0.0) 0.595

Notable improvement 52 (41.6) 10 (38.4) 0.767 16 (15.0) 1 (3.3) 0.159

Improvement 32 (25.6) 5 (19.2) 0.492 27 (25.4) 4 (13.3) 0.162

No improvement 35 (28.0) 7 (26.9) 0.911 62 (58.4) 25 (83.3) 0.012§

Notable improvement +
improvement

84 (67.2) 15 (57.7) 0.353 43 (40.6) 5 (16.7) 0.016§

Notable improvement +
complete recovery

58 (46.4) 14 (53.8) 0.489 17 (16.0) 1 (3.3) 0.132

Overall improvement 90 (72.0) 19 (73.1) 0.911 44 (41.6) 5 (16.7) 0.012§

*n = 125; †n = 26; ‡n = 106; **n = 30. §Indicates statistical significance ( p < 0.05)

Table 5. Correlation analysis between frequency of batroxobin use and hearing recovery in patients with initial hearing loss exceeding 100 dB HL

No. times
batroxobin
used

Total
cases
(n)

Overall improvement
in hearing (n (%))

No improvement in
hearing (n (%))

Between-group
comparison p-value

Spearman
correlation
analysis p-value Co-efficient Rs

1 3 2 (50.0) 1 (50.0) 0.026*† 0.678 0.041

2 15 10 (83.3) 5 (16.7)

3 45 14 (31.1) 31 (68.9)

4 32 10 (31.2) 22 (68.8)

5 10 7 (70.0) 3 (30.0)

6 1 1 (100.0) 0 (0.0)

2–3 60 24 (40.0) 36 (60.0) 0.961‡

4–5 42 17 (40.1) 25 (59.9)

The chi-square and Kruskal–Wallis tests were used for comparing groups based on the number of times batroxobin was used, and Spearman correlation analysis was used to examine the
correlation between the number of times batroxobin was used and the overall improvement rate. *Kruskal–Wallis test. †Indicates statistical significance ( p < 0.05). ‡Chi-square test. No. =
number of
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higher than in the combined non-batroxobin therapy group.
These results suggest that, for profound sudden SNHL, com-
bined batroxobin therapy can lead to a better improvement
rate compared to combined non-batroxobin therapy.

• There is controversy over batroxobin use in sudden sensorineural hearing
loss (SNHL) treatment

• Batroxobin use can increase the overall improvement rate of combination
therapy for profound sudden SNHL with initial hearing loss exceeding
100 dB HL

• Batroxobin use does not increase the overall improvement rate for cases
with initial hearing loss of less than or equal to 100 dB HL

• There is no linear correlation between the number of times batroxobin is
used and overall improvement rate

According to a previous report, the efficacy of batroxobin
treatment for sudden SNHL with initial hearing loss of less
than 80 dB HL was lower than that of high-dose corticoster-
oids.14 However, for sudden SNHL with initial hearing loss
exceeding 80 dB HL, there was no significant difference in
efficacy between batroxobin and high-dose corticosteroids.14

This study found that combined batroxobin therapy did not
decrease the hearing threshold and increase the overall
improvement rate compared to combined non-batroxobin
therapy for profound sudden SNHL with initial hearing
loss of less than or equal to 100 dB HL. However, for pro-
found sudden SNHL with initial hearing loss exceeding
100 dB HL, the decrease in hearing threshold in the com-
bined batroxobin therapy group was significantly higher
than that in the combined non-batroxobin therapy group.
In addition, a significantly higher overall improvement rate
of 41.6 per cent was observed, with an improvement plus not-
able improvement rate of 40.6 per cent in the combined
batroxobin therapy group, compared to 16.7 per cent and
16.7 per cent for the combined non-batroxobin therapy
group. These results indicate that batroxobin can decrease
the hearing threshold and increase the overall and improve-
ment plus notable improvement rates of combined therapy
for profound sudden SNHL with initial hearing loss exceed-
ing 100 dB HL. Based on these findings, combination therapy
with batroxobin should be considered as a potential treat-
ment option for profound sudden SNHL with initial hearing
loss exceeding 100 dB HL, but not for profound sudden
SNHL with initial hearing loss of less than or equal to
100 dB HL.

Few studies have shown that batroxobin alone can improve
the efficacy of sudden SNHL.12–14 However, previous studies
have not yet reached a consensus on the number of times
batroxobin should be used in the treatment of sudden
SNHL. Moreover, there has been no report on the correlation
between the number of times batroxobin is used and hearing
recovery in patients with profound sudden SNHL. Given the
high cost of batroxobin and the finding that increased use of
batroxobin can increase the risk of systemic bleeding in
patients,19,20 it is necessary to explore the number of times
batroxobin should be used in patients with profound sudden
SNHL. This study further explored the effect of frequency of
batroxobin use in combination therapy on the efficacy of pro-
found sudden SNHL with initial hearing loss exceeding
100 dB HL. The results suggested no significant difference
between the combined use of batroxobin two to three times
compared with four to five times. In addition, the combined
use of batroxobin two to three times resulted in the maximum
overall improvement rate, indicating that further increases in

the frequency of batroxobin use will not lead to a higher overall
improvement rate.

Conclusion

There is controversy over the use of batroxobin in the treat-
ment of sudden SNHL. This case–control study showed that
batroxobin decreased the hearing threshold and increased
the overall and improvement plus notable improvement rates
of combination therapy for profound sudden SNHL with ini-
tial hearing loss exceeding 100 dB HL, but not for profound
sudden SNHL with initial hearing loss of less than or equal
to 100 dB HL. There was no linear correlation between the
number of times batroxobin was used and the overall improve-
ment rate. Moreover, using batroxobin two to three times in
combined batroxobin therapy for profound sudden SNHL
with initial hearing loss exceeding 100 dB HL resulted in the
maximum overall improvement rate.
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