
EXPERIMENTAL AND THERAPEUTIC MEDICINE  23:  242,  2022

Abstract. The causes of sudden sensorineural hearing loss 
(SSNHL) are unclear, and the condition cannot be treated with 
specific regimens. The present study was designed to explore 
the effects of alprostadil combined with hyperbaric oxygen 
(HBO) on hearing recovery and hemorheology in patients with 
SSNHL, and to analyze factors influencing treatment efficacy. 
in total, 104 patients with SSNHL were enrolled between 
January 2015 and July 2018 in a randomized controlled trial. 
Group A (n=52) received alprostadil treatment and Group B 
(n=52) were treated with HBO plus alprostadil. Following 
treatment, the overall recovery rates of tinnitus, aural fullness 
and vertigo in Group B were significantly higher than those 
in Group A (P<0.05). Low‑, middle‑ and high‑shear whole 
blood viscosity and whole blood viscosity in the two groups 
significantly decreased, and those in Group B were signifi‑
cantly lower than those in Group A (P<0.05). The present 
results indicated that the combination of alprostadil with HBO 
can improve the therapeutic effect on SSNHL, reduce blood 
viscosity and improve coagulation function, thus significantly 
promoting hearing recovery. Further, SSNHL treatment effi‑
cacy was influenced by age, time of onset, hearing threshold, 
presence or absence of tinnitus, plasma viscosity and serum 
C‑reactive protein levels. The trial registration number for the 
present study was: NCT02563872.

Introduction

Nowdays, more and more people (particularly the young) 
suffer from sudden sensorineural hearing loss (SSNHL) (1,2). 
The disease has unknown causes and is characterized by 
continuous decline of two or more hearing frequencies, rapid 
progression and short time of onset (3,4). A previous study 

has shown that most patients with SSNHL experience hearing 
loss accompanied by vestibular trauma, which seriously 
damages hearing and significantly affects prognoses (5). The 
factors causing SSNHL are unclear, and the disease cannot 
be treated with specific regimens. The current standard 
treatment for sudden hearing loss is a tapered course of oral 
high‑dose corticosteroids to increase circulation to the inner 
ear (6). In the present study, alprostadil and the combination 
of alprostadil and HBO were investigated as treatments for 
SSNHL.

Alprostadil regulates the activities of adenylate cyclase and 
phosphodiesterase in vascular smooth muscle cells, increases 
the cellular concentration of cyclic adenosine monophos‑
phate and significantly relaxes vascular smooth muscles. It 
also reduces platelet activity and blood viscosity to inhibit 
blood aggregation, and eliminates oxygen free radicals, thus 
improving vascular function in inner ear microcirculation 
disorders and promoting blood circulation in the ears (7,8). As a 
naturopathy that fuses oxygen and blood through high‑concen‑
tration air pressure in a chamber, hyperbaric oxygen (HBO) 
improves tissue hypoxia and inner ear circulation disorders in 
the supportive treatment of SSNHL (9,10). A previous study 
reported that, while medicines alone are limited in treating 
the disease, a combination of medicines with HBO increases 
partial pressure of blood oxygen in the body and improves 
inner ear ischemia, hypoxia and edema with positive thera‑
peutic effects (11). Currently, SSNHL is commonly treated 
with alprostadil and HBO, and the value of this treatment has 
gradually increased in recent years.

In the present study, the therapeutic value of alprostadil 
combined with HBO are discussed in detail, and the effects 
of this combination on hearing recovery and hemorheology 
are assessed. The possible influencing factors of treatment 
efficacy for SSNHL are comprehensively analyzed to improve 
the overall therapeutic effect.

Materials and methods

General information. A total of 104 patients with SSNHL 
admitted from January 2015 to July 2018 were enrolled in 
the randomized controlled trial. Group A (n=52) received 
alprostadil treatment and Group  B (n=52) was treated 
with HBO plus alprostadil. Of the total patients, 55 and 49 
were males and females, respectively, with a mean age of 
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44.62±11.45 years (age range, 20‑59 years) and average body 
mass index (BMI) of 21.63±3.35 kg/m2. The time of onset 
ranged from 2 to 14 days with an average of 8.34±4.62 days. 
The patients experienced flat descending SSNHL (n=26), 
low‑frequency descending SSNHL (n=33) and high‑frequency 
descending SSNHL (n=45).

Inclusion and exclusion criteria. The inclusion criteria were 
as follows: i) Patients with hearing loss of >30 dB, affecting 
three or more frequencies and arising over <3 days; ii) patients 
with unilateral deafness accompanied by vertigo, vestibular 
dysfunction, aural fullness, tinnitus and with normal cranial 
nerve examination results; and iii) patients not allergic to 
alprostadil.

The exclusion criteria were as follows: i) Patients who had 
recently taken ear medicines or undergone surgical treatment; 
ii) patients with other pathological deafness; iii) patients with 
ear trauma and critical strikes; iv) patients with cognitive or 
communication disorders; and v) patients with poor compli‑
ance. All patients and their families agreed to participate in 
this study and signed an informed consent form. The present 
study was approved by the Medical Ethics Committee of Zibo 
Central Hospital (Zibo, China).

Experimental reagents and materials. Alprostadil was 
purchased from Hagaoke White Swan Pharmaceutical Group 
Co., Ltd. (State Food and Drug Administration; approval 
no. H23023072). A HBO chamber was purchased from Ningbo 
KQD Plastic Tech Co., Ltd. A non‑invasive hemorheometer 
was purchased from Beckman Coulter, Inc. A fully automated 
coagulation analyzer was purchased from Jiangsu Horner 
Medical Instrument Co., Ltd.

Experimental methods. Patients in Group A were treated with 
alprostadil. Alprostadil (10 µg) was dissolved and diluted in 
0.9% NaCl solution (200 ml) and administered via intravenous 
drip. The standard scheme was once per day, and one course of 
treatment was completed in 10 days. The patients were treated 
for two courses and the interval between courses was 3 days.

Patients in Group B were treated with HBO combined with 
alprostadil. The pressure of the HBO chamber was adjusted to 
0.2 MPa and then boosted for 20 min. The patients inhaled 
pure oxygen for 1 h. The standard scheme was performed 
once per day, and one course of treatment was completed in 
10 days. The patients were treated for two courses and the 
interval between courses was 3 days.

Outcome measures. The outcomes measured were as follows: 
i) Total effective rate of treatment: The therapeutic effect 
was divided into cured (symptoms completely disappeared), 
markedly effective (symptoms basically disappeared and 
hearing threshold increased by 30 dB), effective (symptoms 
were significantly relieved and hearing threshold increased by 
15‑30 dB) and ineffective (symptoms were still significant and 
hearing threshold increased by <15 dB). The total effective 
rate of treatment=(curative + markedly effective + effective 
cases)/total number of cases x100% (12); ii) hearing recovery: 
Improvements of tinnitus, aural fullness and vertigo in the two 
groups were observed by clinicians and recorded as disap‑
pearance, alleviation, or ineffectiveness. Hearing recovery 

rate=(disappearance + alleviation cases)/total number of 
cases x100%  (13); iii) Hemorheological index changes: A 
non‑invasive hemorheometer was used to detect and assess 
changes in low‑, middle‑ and high‑shear whole blood viscosity 
as well as whole blood viscosity before and after treatment; 
iv)  Coagulation function: A fully automated coagulation 
analyzer was used to detect, record and assess changes in 
fibrinogen (FIB), platelet factor (PF), prothrombin time (PT) 
and activated partial thrombin time (APTT); and v) Analysis 
of related influencing factors: According to the efficacy of 
HBO combined with alprostadil, the patients were divided into 
effective and ineffective groups. Multivariate logistic regres‑
sion was used to analyze the factors influencing the efficacy of 
treatment for SSNHL.

Statistical methods. SPSS 20.0 (IBM Corp.) was used for 
statistical analysis. Measurement data were analyzed by the 
χ2 test and expressed as the mean ± SD. Multiple compari‑
sons were performed using a mixed ANOVA followed by an 
appropriate post hoc test (Bonferroni's correction) in order to 
compare indicators before and after treatment. Multivariate 
logistic regression was used to analyze factors influencing the 
efficacy of treatment for SSNHL. Differences with P<0.05 
were statistically significant.

Results

Comparison of general information. No significant differ‑
ences were observed between Group A and B with regards to 
sex, age, BMI and time or site of onset (P>0.05; Table I).

Comparison of total effective rate of treatment. The total 
effective rate of treatment in Group A was lower compared 
with that in Group B (P<0.05; Table II).

Comparison of hearing recovery. Tinnitus, ear tightness and 
vertigo or vestibular dysfunction improved in the two groups 
following treatment. However, after treatment, the overall 
recovery rate of hearing in Group B was higher than that in 
Group A (P<0.05; Table III).

Comparison of hemorheological index changes. Before treat‑
ment, there were no significant differences between Group A 
and B in hemorheological indices (P>0.05). After treatment, 
low‑, middle‑ and high‑shear whole blood viscosity decreased 
in the two groups, and these hemorheological indices in 
Group B were lower than those in Group A (P<0.05; Fig. 1).

Comparison of coagulation function. Before treatment, no 
significant differences were noted between Group A and B 
in PF, FIB, PT and APTT (P>0.05). After treatment, PF and 
FIB levels in the two groups decreased (P<0.05), and PT and 
APTT were prolonged (P<0.05). The improvement of these 
coagulation function parameters in Group B were significantly 
greater than that in Group A (P<0.05; Fig. 2).

Univariate logistic regression analysis. According to the effi‑
cacy of HBO combined with alprostadil, patients were divided 
into effective (n=45) and ineffective (n=7) groups. Univariate 
analysis of the clinical data showed that there were significant 
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differences between the two groups in age, time of onset, 
hearing threshold, presence or absence of tinnitus, plasma 
viscosity and C‑reactive protein (CRP) level. Changes in 
plasma viscosity have a huge impact on the degree of deafness 
(P<0.05) whereas gender, and differences in the site of onset, 
types of hearing curves, and presence or absence of vertigo do 
not (P>0.05; Table IV).

Multivariate logistic regression analysis. Multivariate logistic 
regression analysis was conducted using efficacy of HBO 
combined with alprostadil in treating SSNHL as a dependent 
variable, and differences between the groups identified in 
the univariate analysis as independent variables (Table V). 
The results show that age, time of onset, hearing threshold, 
presence or absence of tinnitus, plasma viscosity, and serum 
CRP level were the influencing factors of the efficacy of HBO 
combined with alprostadil for SSNHL (P<0.05; Table VI).

Discussion

SSNHL is a disease with clinical symptoms including 
tinnitus and vertigo. Its specific pathogenesis remains 
unclear, although it may be related to viral infection, inner 
ear microcirculation disorders and eardrum rupture (14,15). 

Studies have shown that viral infection and hemodynamic 
changes in patients with the disease result in lacunar obstruc‑
tion after edema and damaged functional structure of the 
cochlea due to insufficient blood oxygen supply. This results 
in hearing loss and destruction of the inner ear, which affects 
maintenance of body balance and transmission of sound 
information. Deafness and tinnitus occur in severe cases. 
Therefore, to treat SSNHL, blood oxygen supply in the inner 
ear should be restored to normal levels (16,17). Alprostadil, 
with a high bioavailability, delivers prostaglandin E1 to the 
lesion site, thereby improving its therapeutic stability (18). 
HBO increases the partial pressure and content of blood 
oxygen in patients, increases oxygen diffusion, and improves 
tissue hypoxia and blood supply, facilitating hair cell 
repair (19). It also increases blood flow, improves the blood 
supply capacity of the vertebrobasilar artery in the inner ear 
and improves the endothelial permeability of inner ear capil‑
laries. This results in greatly improved repair efficiency of 
hair cells and vestibular nerve fibers (20). Few studies have 
investigated the combined effects of alprostadil and HBO on 
hearing recovery and hemorheology in patients with SSNHL. 
Therefore, the present study explored the efficacy and influ‑
encing factors of combining alprostadil with HBO in treating 
SSNHL.

Table I. Comparison of baseline characteristics between patient groups.

Groups	 Group A (n=52)	 Group B (n=52)	 χ2‑value/t	 P‑value

Sex			   0.347	 0.556
  Male	 26 (50.00)	 29 (55.77)
  Female	 26 (50.00)	 23 (44.23)
Age, years	 44.74±11.26	 43.95±11.64	 0.352	 0.726
BMI, kg/m2	 21.57±3.45	 21.73±3.23	 0.244	 0.808
Time of onset, days	 8.87±3.37	 8.25±3.58	 0.706	 0.482
Site of onset			   0.040	 0.842
  Left ear	 31 (59.62)	 30 (57.69)
  Right ear	 21 (40.38)	 22 (42.31)
Hearing threshold, dB	 67.35±7.93	 68.25±8.01	 0.576	 0.566
Classification of deafness			   0.206	 0.902
  Flat descent 	 12 (23.08)	 14 (26.92)
  Low frequency descent 	 17 (32.69)	 16 (30.77)
  High frequency descent 	 23 (44.23)	 22 (42.31)

Data was expressed as [n(%)] or mean ± SD.

Table II. Comparison of total effective rate of treatment.

Groups	 Group A (n=52)	 Group B (n=52)	 χ2‑value	 P‑value

Curative	 12 (23.08)	 18 (34.62)	 ‑	 ‑
Markedly effective	 11 (21.15)	 13 (25.00)	 ‑	 ‑
Effective	 13 (25.00)	 14 (26.92)	 ‑	 ‑
Ineffective	 16 (20.77)	 7 (13.46)	 ‑	 ‑
Total effective rate of treatment	 36 (69.23)	 45 (86.54)	 4.522	 0.034
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In the current study, patients in Group  B (treated 
with combined alprostadil and HBO) had: i) Higher total 

effective rate of treatment and overall recovery rate of 
hearing (P<0.05); ii) lower blood viscosity after treatment 

Table III. Comparison of hearing recovery [n(%)].

Groups	 Group A (n=52)	 Group B (n=52)	 χ2‑value	 P‑value

Tinnitus			   4.981	 0.026
  Disappearance	 24 (46.15)	 26 (50.00)	 ‑	 ‑
  Improved	 19 (36.54)	 24 (46.15)	 ‑	 ‑
  Ineffective	 9 (17.31)	 2 (3.85)	 ‑	 ‑
  Overall recovery rate	 43 (82.69)	 50 (96.15)	 ‑	 ‑
Aural Fullness			   4.308	 0.038
  Disappearance	 25 (48.08)	 29 (55.77)	 ‑	 ‑
  Improved	 17 (32.69)	 20 (38.46)	 ‑	 ‑
  Ineffective	 10 (19.23)	 3 (5.77)	 ‑	 ‑
  Overall recovery rate	 42 (80.77)	 49 (94.23)	 ‑	 ‑
Vertigo			   4.727	 0.030
  Disappearance	 22 (42.31)	 26 (50.00)	 ‑	 ‑
  Improved	 18 (34.62)	 22 (42.31)	 ‑	 ‑
  Ineffective	 12 (23.08)	 4 (7.69)	 ‑	 ‑
  Overall recovery rate	 40 (76.92)	 48 (92.31)	 ‑	 ‑

Figure 1. Comparison of hemorheological index changes. (A) After treatment, high‑shear whole blood viscosity in both groups significantly decreased, and 
was significantly lower in Group B than in Group A. (B) After treatment, middle‑shear whole blood viscosity in both groups significantly decreased, and 
was significantly lower in Group B than in Group A. (C) After treatment, low‑shear whole blood viscosity in both groups significantly decreased, and was 
significantly lower in Group B than in Group A. (D) After treatment, whole blood viscosity in both groups significantly decreased, and was significantly lower 
in Group B than in Group A. *P<0.05 vs. pre‑treatment; #P<0.05 vs. Group A.
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(P<0.05); and iii) greater improvement of coagulation func‑
tion parameters after treatment (P<0.05) relative to those 
treated with alprostadil only (Group A). Previous studies 
have shown that alprostadil significantly relieves patho‑
logical symptoms and promotes hearing recovery in patients 
with SSNHL (21). The combination of alprostadil and HBO 
leads to improvement of peripheral vascular resistance in 
terms of antiplatelet aggregation by increasing the activity 
of intracellular cyclic adenosine monophosphate. Moreover, 
it accelerates the absorption of extravascular tissue fluid to 
correct local edema, ensures ear blood supply and reduces 
the effects of immune response damage on the body (22,23). 
These results are consistent with the present findings, which 
suggest that a combination of alprostadil and HBO (with 
wider and more effective clinical value) can improve the 
therapeutic efficiency of alprostadil and promote hearing 
recovery.

Multivariate logistic regression analysis revealed that 
age, time of onset, hearing threshold, presence or absence of 
tinnitus, plasma viscosity and serum CRP level are factors 
that influence the efficacy of alprostadil and HBO in treating 
SSNHL (P<0.05). A similar study suggested that age growth 
combined with complications results in slow blood circula‑
tion and deterioration of hearing function, which may affect 
the onset of SSNHL (24). Slow blood flow in the inner ear 
may cause stasis and, subsequently, hypoxia‑induced hair 
cell damage; however, timely treatment can improve micro‑
circulation to obtain a better outcome. Hearing threshold is 
affected by hair cell damage and reflects hearing function 
and the therapeutic effect of treatment on the inner ear (25). 
The presence of tinnitus symptoms indicates that the lesion 
has reached the vestibular labyrinth, which increases the 
difficulty of treatment and rehabilitation. Serum CRP level 
is a common inflammatory response index, and changes in 

Table IV. Univariate logistic regression analysis.

Groups	 Effective group (n=45)	 Ineffective group (n=7)	 χ2‑value/t	 P‑value

Sex			   0.006	 0.937
  Male	 25 (55.56)	 4 (57.14)		
  Female	 20 (44.44)	 3 (42.86)		
Age, years	 41.34±9.26	   49.93±10.25	 2.253	 0.029
Time of onset, days	   7.51±3.25	 11.25±3.54	 2.148	 0.037
Site of onset			   0.001	 0.975
  Left ear	 26 (57.78)	 4 (57.14)		
  Right ear	 19 (42.22)	 3 (42.86)		
Hearing threshold, dB	 64.55±8.25	 73.44±8.41	 2.646	 0.011
Types of hearing curves			   0.625	 0.429
  Low‑frequency or flat descent	 20 (44.44)	 2 (28.57)		
  High‑frequency descent or total deafness	 25 (55.56)	 5 (71.43)		
Tinnitus			   4.127	 0.042
  Yes	 20 (44.44)	 6 (85.71)		
  No	 25 (55.56)	 1 (14.29)		
Vertigo			   1.486	 0.223
  Yes	 21 (46.67)	 5 (71.43)		
  No	 24 (53.33)	 2 (28.57)		
Whole blood viscosity, MPa.s	   1.24±0.21	   1.63±0.26	 4.431	 <0.001
Serum CRP level, µmol/l	 21.23±3.57	 28.23±3.63	 4.816	 <0.001

Table V. Variable assignment in logistic regression analysis.

Factors	 Assignment

Age	 A continuous variable analyzed by initial data
Time of onset	 A continuous variable analyzed by initial data
Hearing threshold	 A continuous variable analyzed by initial data
Tinnitus	 Yes=1, no=0
Plasma viscosity	 A continuous variable analyzed by initial data
Serum CRP level	 A continuous variable analyzed by initial data
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its expression level affect the development and progression 
of SSNHL. High plasma viscosity indicates poor blood 
circulation. Therefore, monitoring plasma viscosity may 
be of great significance for efficacy evaluation of certain 
treatments (26). The aforementioned studies further verify 
the findings of the current study that the therapeutic effect 
of the treatment was poor if the corresponding pathological 
factors were present.

In summary, alprostadil combined with HBO was an effec‑
tive treatment for SSNHL. However, certain shortcomings 
need to be explored in future studies. For example, the efficacy 
of SSNHL treatment is different among different hearing loss 
types and detailed analysis is yet to be completed. Additionally, 
the population size used in this study was relatively small. Other 
important influencing factors for the prognosis of SSNHL (such 
as the levels of serum lipids) will be examined in future studies.

Table VI. Multivariate logistic regression analysis.

	 95% C.I. for EXP(B)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑
Factors	 B	 S.E,	 Wals	 Sig.	 Exp (B)	 Lower	 Upper

Age	 0.040	 0.‑47	 0.721	 0.021	 1.435	 0.949	 1.142
Time of onset	 ‑1.160	 0.146	 1.201	 0.011	 0.833	 0.120	 1.135
Hearing threshold	 0.003	 0.060	 0.002	 0.022	 1.003	 0.118	 1.127
Tinnitus	 0.778	 1.070	 0.530	 0.001	 1.078	 1.033	 17.727
Plasma viscosity	 ‑7.14	 0.561	 0.061	 0.002	 0.490	 0.265	 35.945
Serum CRP level	 0.042	 0.432	 0.031	 0.014	 1.403	 0.117	 1.457

B is the constant term. SE is the standard deviation. Wals is the chi‑square value. Sig is the P‑value. Exp (B) is the dominance ratio. 95% CI of 
EXP(B) is 95% confidence interval of the dominance ratio.

Figure 2. Comparison of parameters of coagulation function. (A) After treatment, PF levels in both groups significantly decreased, and were significantly lower 
in Group B than in Group A. (B) After treatment, FIB levels in both groups significantly decreased, and were significantly lower in Group B than in Group A. 
(C) After treatment, PT in both groups was significantly shortened, and was significantly shorter in Group B than in Group A. (D) After treatment, APTT in 
both groups was significantly shortened, and was significantly shorter in Group B than in Group A. *P<0.05 vs. pre‑treatment; #P<0.05 vs. Group A. PF, platelet 
factor; FIB, fibrinogen; PT, prothrombin time; APTT, activated partial thrombin time.
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