Cellular Physiology Cell Physiol Biochem 2025;59:121-130

. . DOI: 10.33594/000000766 © 2025 The Author(s)
and BIOChemlStry Published online: 11 Marc 2025 Published by Cell Physiol Biochem
Press GmbH&Co. KG, Duesseldorf
Accepted: 29 January 2025 www.cellphysiolbiochem.com

This article is licensed under the Creative Commons Attribution 4.0 International License (CC BY). This means
that any user shall be free to copy and redistribute the material in any medium or format, also for commercial
purposes, provided proper credit is given to the Authors as well as the original publisher.

Original Paper

Management of Sudden Onset
Sensorineural Hearing Loss and the Role of
Pentoxyphylline as an Add-on Therapy to
Conventional Treatment

Aishwarya Gajendran® Saranya Chithra Cheruvu® Aishwarya Pradeep®
Ramprasath Athikesavan? Xavier Ryon Washington Ramesh®

3Trust Registrar, Pinderfields Hospital, Wakefield, United Kingdom, PAssistant Professor,

Department of Otorhinolaryngology, Head and Neck Surgery, Sri Muthukumaran Medical College
Hospital and Research Institute, Chennai, Tamil Nadu, India, ‘Assistant Professor, Department of
Otorhinolaryngology, Head and Neck Surgery, Government Omandurar Medical College, Chennai,
Tamil Nadu, India, 9Post Graduate, Department of Otorhinolaryngology, Head and Neck Surgery, Sri
Muthukumaran Medical College Hospital and Research Institute, Chennai, Tamil Nadu, India, ®Junior
Resident, Department of Forensic Medicine, Sri Balaji Medical College, Chennai, Tamil Nadu, India

Key Words
Sudden Sensorineural Hearing Loss ¢« Combination Therapy ¢ Pentoxifylline < Antiviral e
Steroids.

Abstract

Background/Aims: Sudden Sensorineural Hearing Loss (SSNHL) is a rapid-onset condition
with varied etiologies, creating uncertainty in optimal treatment strategies. This study aimed to
assess whether adding pentoxifylline to standard antiviral and steroid therapy could enhance
hearing recovery in SSNHL patients. Methods: Conducted as a randomized controlled trial
from January 2021 to June 2023 in a private clinic within Chennai district, Tamil Nadu, the
study enrolled 72 patients aged 20-70 years with SSNHL onset within 7 days. Participants were
randomly assigned to receive either standard therapy (antiviral + steroids) or an intervention
including pentoxifylline. Baseline assessments and serial pure-tone audiometry (PTA) was done
to monitor outcomes. Results: Among the 72 participants, the majority were male (58.3%)
with a mean age of 43.4 years, with right-sided hearing loss predominantly. Comorbidities
such as diabetes and hypertension were commonly seen among the study population. The
intervention group exhibited significantly greater hearing recovery, particularly among those
treated within 72 hours of onset. Non-responders underwent MRI brain, identifying CP angle
pathology in some cases. Statistical analysis confirmed significantly improved outcomes for
the intervention group (p < 0.05). Conclusion: The findings suggest that pentoxifylline, when
added to antiviral and steroid therapy, may enhance hearing recovery in SSNHL, especially with
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prompt treatment. Intratympanic dexamethasone and MRI of the brain are recommended for

non-responders to identify underlying pathologies. © 2025 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

SSNHL is a medical emergency characterized by a rapid onset of hearing impairment,
typically developing over seconds to days [1]. Itis typically defined as a sensorineural hearing
loss of at least 30 dB across three contiguous audiometric frequencies within a 72-hour
period [2-8]. Globally, the incidence of SSNHL varies, with estimates ranging from 5 to 20
cases per 100, 000 persons per year [9]. The condition predominantly affects individuals in
the fifth and sixth decades of life, as demonstrated by studies such as that by Byl et al., which
reported a peak incidence in this age group [10]. Patients with SSNHL may present with
additional symptoms including tinnitus, ear blockage, and vertigo which further complicate
diagnosis and management [11, 12].

The etiopathogenesis of SSNHL remains unclear due to its multifactorial nature [9].
Specific causes, such as viral infections, vascular impairments, autoimmune disorders, and
central nervous system pathologies, have been implicated, but in many cases, the precise
mechanisms remain unidentified [13]. Comorbid conditions such as hypertension and
cardiovascular disease, are often observed, complicating the clinical picture and contributing
to increased morbidity [14, 15]. With over 100 potential etiological factors proposed, there
is considerable debate over the most appropriate management strategies, often leaving
clinicians in a difficult position regarding treatment decisions.

Management of SSNHL is challenging and lacks consensus due to its diverse etiological
factors and unpredictable clinical course [16]. High-dose corticosteroids, administered
systemically or intratympanically, are the cornerstone of treatment, aimed at reducing
inflammation and preserving cochlear function [17]. However, no universally accepted
treatment protocol exists, and responses vary widely among patients. The timing of
treatment initiation plays a critical role, as earlier intervention is associated with better
hearing recovery [18]. Despite the availability of numerous therapies, including antiviral
agents, vasodilators, and hyperbaric oxygen, no single approach has demonstrated consistent
efficacy, highlighting the need for a more structured treatment algorithm.

This study aimed to evaluate the efficacy of a structured treatment protocol for SSNHL,
emphasizing the addition of pentoxifylline as an adjunct to conventional therapy and focusing
on patient outcomes. The study also assessed the importance of treatment timing relative to
symptom onset. By incorporating our experience, this study builds upon existing literature
and provides practical insights to optimize the management of SSNHL, with a particular focus
on the role of conservative management and targeted interventions for non-responders.

Materials and Methods

Study Design and Setting

This study was a randomized controlled trial with participants recruited from a private clinic in Chennai
District, Tamil Nadu, between January 2021 and June 2023. The trial was approved by the Human Ethics
Committee (IHEC) of the nearest tertiary care hospital. Each participant received a Participant Information
Sheet (PIS) in their native language, with verbal explanations provided to ensure understanding. Written
informed consent was obtained from all participants before enrollment.

Randomization and Sample Size

100 participants were screened, and 28 were excluded for reasons such as not meeting the eligibility
criteria (Fig. 1). A total of 72 participants were enrolled and randomly allocated to one of two groups in a
1:1 ratio to ensure balance. The control group received standard treatment [Antiviral (Acyclovir) + Steroid
(Prednisolone)], while the intervention group received standard treatment plus Pentoxifylline [Antiviral
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(Acyclovir) + Steroid (Prednisolone)
+ Pentoxifylline]. Randomization was
conducted to minimize selection bias,
ensuring that each group contained 36
participants. Sample size determination
was based on power analysis to detect
statistically  significant  differences
between groups in hearing outcomes
between the two groups.

Participant Selection

Patients presenting with sudden
unilateral sensorineural hearing loss
within seven days of onset were initially
screened for eligibility. The inclusion
criteria ensured participants were
within this time frame to maximize
effectiveness.  Exclusion
criteria included patients presenting

treatment

after seven days, those without three
consecutive PTA records, patients unable
to complete follow-up, and individuals
intolerant to antiviral medications,
steroids, or xanthine derivatives. After
applying these criteria, 72 participants
were retained for analysis, with 36 in
each treatment group (Fig. 1).

Interventions

All participants underwentbaseline
assessments, including a detailed
medical history, physical examination,
and initial investigations with pure-
tone audiometry,
reflex

tympanometry
with acoustic testing, and
blood tests (lipid profile, serology,
erythrocyte sedimentation rate (ESR),
and coagulation profile). Both groups
received oral Prednisolone (1 mg/kg
body weight) in a tapering dose over 11
days (three times daily for the first 5 days,
twice daily for the next 3 days, and once
daily for the final 3 days) and Acyclovir
800 mg five times daily for 5 days. The
intervention group additionally received
Pentoxifylline 400 mg once daily (Fig. 2).

Outcome Measures and Follow-up
The primary outcome measure

Patient with SSNHL|

+ Detailed History and Physical Examination
+ Pure Tone Audiometry (PTA)

« Tympanometry with Acoustic Reflex Testing

+ Baseline Blood Investigations: Liid Profile Serology, ESR, Coagulation Profil]

INITIAL EVALUATION

Group A (Control): Oral Predisolone
(tapering dose) + Acyclovir

Group B (ntervention): Oral

Prednisolone (tapering dose) +
Acyclovir + Pentonifylline

Treatment Protocol for
(11 Days)

Days 1-5: Predisolone (1 mg/kg) thrice daily
Days 6-8: Prednisolone (1 mg/ke) twice daily
Days 9-11: Prednisolone (1 mg/kg) once daily
Acyclovir 800 mfive times daily for 5 days

Days 1-5: Predisolone (1 mgkg) thrice daily
Days 6-8: Prednisolone (1 mg/ke) twice daily
Days 9-11: Prednisolone (1 mg/kg) once daily
Acyclovir 800 mg five times daiy for 5 days
Pentoxifyline 400 mg once daily

Follow-Up with Serial PTA:
+ Day 3: Evaluate hearing improvement
+ Day 15: Assess final response

N

Improvement (+): Hearing improvement observed
(no further intervention required)

Improvement (-): No significant improvement
, Proceed to MRI

For Non-Responders:
MR Brain: Rule out retrocochlear pathologies (e.g, CP angle tumor)
« If MRIis normal: Administer Intratympanic Dexamethasone (2
mg/kg) for 3 doses

Fig. 1. Treatment flow chart.
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Fig. 2. Participant flow diagram for the clinical trial.

was an improvement in hearing as assessed by PTA. Serial audiograms were conducted daily for three
consecutive days to monitor the response. Non-responders who showed no significant improvement within
7-10 days of conservative treatment underwent further evaluation (Fig. 2, Fig. 1). For these non-responders,
intratympanic Dexamethasone (2 mg/kg) was administered as a secondary intervention in three doses,
injected into the posteroinferior quadrant of the tympanic membrane using a 22G spinal needle, all within
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15 days of symptom onset. Additionally, MRI of the brain was performed on non-responders to exclude
retrocochlear pathologies, such as cerebellopontine angle tumors.

Data Collection and Statistical Analysis

Data were systematically recorded and organized in Microsoft Excel. Statistical analysis was performed
using SPSS software (version 23). Categorical variables were summarized as frequencies and percentages,
while continuous variables were reported as means * standard deviations or medians with interquartile
ranges, based on data normality (assessed by Kolmogorov-Smirnov and Shapiro-Wilk tests). To compare
the efficacy of the interventions between groups, appropriate statistical tests were applied, with significance
setatp <0.05.

Results

A total of 72 participants were enrolled in the study, randomly assigned to either
the control group (Antiviral + Steroid) or the intervention group (Antiviral + Steroid +
Pentoxifylline), with 36 participants in each group. Among the entire study population,
there were 40 males (55.6%) and 32 females
(44.4%), with a mean age of 43.4 + 5 years Table 1. Baseline characteristics of patients with
and a median age of 41 years. Age distribution  unilateral sudden sensorineural hearing loss
revealed that 10 participants (13.9%) were
under 30 years, 28 (38.9%) were between
31 and 40 years, 12 (16.7%) were between  Age
41 and 50 years, 14 (19.4%) were between
51 and 60 years, and 8 (11.1%) were over 60
years (Table 1 and Fig. 3). 38.9%

Common comorbidities observed among  31to40 28
participants included diabetes mellitus
(25%), hypertension (25%), hypothyroidism
(13.9%), and coronary artery disease (CAD)
(11.1%) (Fig. 4). All participants presented
with sudden hearing loss (100%). Additional
symptoms included tinnitus in 18 patients 19.4%
(25%), ear blockage in 10 patients (13.9%),  51to60 14
and dizziness in 5 patients (6.9%) (Table 2,
Fig. 5). Right-sided hearing loss was present in

Variables Frequency (N=72) Percentage (%)

Less than 30 10 13.9%

16.7%
41 to 50 12

40 patients (55.6%), and 32 patients (44.4%)  More than 60 8 ne
had left-sided hearing loss. The etiology was
idiopathic in 42 cases (58.3%), with other
causes including Meniere’s disease (13.9%),  Gender
viral infection (11.1%), cerebellopontine (CP) 55.6%
angle pathology (8.3%), and trauma (8.3%)  Male 40
(Table 2)(Fig. 6).
The duration of illness at presentation "*° 32 4%
varied: 25% of participants presented  Comorbidities
within one day, another 25% within two
iabetes 18 25%

days, 38.9% within five days, and 11.1%
within seven days (Table 2)(Fig. 7). All  Hypertension 18 25%
participants underwent three consecutive

. Hypothyroidism 10 13.9%
PTA tests (Table 3) to evaluate hearing
improvement before and after treatment.  ¢AD 8 11.1%
Overall, 83.3% of participants showed hearing DM with HTN 18 25%

improvement, with those presenting within
72 hours demonstrating better outcomes
compared to those who presented later.
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Fig. 3. Age Group Distribution: Frequency
and Percentage.

Fig. 4. Comorbidity - Frequency and
Percentage Distribution.

Table 2. Clinical characteristics of patients with unilateral

sudden sensorineural hearing loss

30 45.00%
40.00%
25
35.00%
20 30.00%
25.00%
15
20.00%
10 15.00%
10.00%
5
5.00%
0 0.00%
Less than 30 31to40 41to 50 51to60  More than 60
mm Frequency (N=72) e Percentage (%)
Percentage
30 50.00%
25 40.00%
20
30.00%
15
20.00%
10
5 10.00%
0 0.00%
Less than 30 31to40 41 to 50 51to60  More than 60
 Frequency (N=72)  e===Percentage (%)
Variables Frequency (N=72) Percentage (%)
Clinical Features
(not mutually exclusive)
Hearing loss 72
100%
Tinnitus 18 25%
Ear block 10 13.9%
Giddiness 5 6.9%
Side of Hearing Loss
Right 40 55.6%
Left 32 44.4%
Etiology
Idiopathic 42 58.3%
Meniere’s disease 10 13.9%
Viral 8 11.1%
CP angle pathology 6 8.3%
Traumatic 6 8.3%
Duration of Illness
(in days)
One 18 25%
Two 18 25%
Five 28 38.9%

Seven 8 11.1%
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Fig. 5. Duration of illness -
Frequency and  Percentage Clinical characteristics - Frequency and
Distribution. Percentage Distribution
80 120%
70 100%
60 .
50 80%
40 60%
30 40%
20
10 20%
0 0%
Hearing loss  Tinnitus Ear block Giddiness  Right-sided  Left-sided
hearing loss hearing loss
B Frequency (N=72) e Percentage (%)
Fig. 6. Etiology- Frequency and .
9 .gy. ) 4 y Etiology - Frequency and Percentage
Percentage Distribution. -
Distribution
45 70.00%
40 60.00%
35 5
5 50.00%
25 40.00%
20 30.00%
b 20.00%
10
5 10.00%
0 0.00%
Idiopathic Meniere’s Viral CP angle Traumatic
disease pathology
mm Frequency (N=72) === Percentage (%)
Fig. 7. Duration of illness B .
9 Duration of illness - Frequency and Percentage
- Frequency and Percentage .
s Distribution
Distribution.
30 50%
25 40%
20
30%
15
20%
10
5 10%
0 0%
One Two Five Seven
mmmm Frequency (N=72) === Percentage (%)

Out of 72 patients, 4 patients did not respond to the medical intervention; hence,
they underwent MRI imaging of the brain (Fig. 1). MRI imaging was performed to rule out
retrocochlear pathologies. Secondary intervention with intratympanic dexamethasone
injections (2 mg/kg) was administered only if MRI findings were normal. Imaging identified
a vascular loop in the CP angle involving the 7th and 8th nerve complexes in one patient,
who was subsequently referred for further neurosurgical evaluation. Among other non-
responders, underlying etiologies such as viral infection or CP angle pathology were

identified.
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Statistical analysis  Table 3. Comparison of PTAs Pre- and Post-Conservative Management
demonstrated a significant Between Group A (Steroids + Pentoxifylline) and Group B (Steroids
improvement in hearing Only)

across the entire study rrmepomt PTA Value 1 (dB)  PTA Value 2 (dB)
cohort, with a p-value

of 0.010. The observed At Presentation 100 50
improvement was

par_tICUIarly notable . n Day 3 of Conservative Management 83

patients who  received 403

treatment within 72 hours
of symptom onset.

Day 15 After Intratympanic Injection
Two  participants  who 70.5 312
presented with hearing
loss persisting for over two
months were excluded from
the primary analysis due to delayed presentation. However, these individuals later received
the study treatment protocol and achieved a 20 dB improvement in hearing within one
month of treatment initiation.

Discussion

SSNHL is a critical otolaryngologic emergency characterized by a rapid onset of hearing
loss, often indicative of inner ear damage. Advances in molecular biology have elucidated
mechanisms of hair cell damage, significantly contributing to the pathology of SSNHL [19].
Typically affecting individuals aged 40-60, as highlighted in studies by Chau et al [9]., Byl
[1], and Harish et al [20]., our cohort demonstrated peak incidence among those aged 31-40,
with a male-to-female distribution of 55.6% to 44.4%. This aligns with existing literature
suggesting no strong gender predisposition, although SSNHL predominantly affects middle-
aged adults.

The prevalence of diabetes mellitus and hypertension in 25% of participants underscores
their relevance in SSNHL. Previous research by Chau et al [9]., Cadoni et al [2]., and Capaccio
et al [6]. supports an association between SSNHL and cardiovascular or autoimmune
comorbidities. Our findings indicated more severe hearing impairment in patients with both
conditions, suggesting that systemic disorders may exacerbate SSNHL due to compromised
cochlear microvasculature.

Idiopathic cases comprised 58% of our cohort, consistent with literature identifying
idiopathic SSNHL as the most common type [21, 22]. While the pathophysiology remains
unclear, potential mechanisms include vascular compromise [16], cochlear membrane
rupture [23], and viral infections [9]. Although Yamada et al [24]. suggested that up to 45% of
SSNHL cases have an infectious origin, our findings align with a predominance of idiopathic
cases.

Our data emphasize early intervention, showing significantly better hearing outcomes
in patients treated within three days of symptom onset. This finding corroborates studies
linking timely treatment to improved recovery. Notably, patients treated within 72 hours
to one-week post-onset still demonstrated a 10-15 dB improvement, underscoring the
importance of prompt intervention. MRI brain was used to evaluate non-responders,
identifying CP angle pathology in some cases, which warranted neurosurgical referral.
Comprehensive workups, including lipid profiles, ESR, and serologic testing, were conducted
to exclude vascular, autoimmune, and syphilitic causes.

The debate over SSNHL treatment remains ongoing, with evidence suggesting
spontaneous recovery in 45-65% of cases [25]. Corticosteroids, administered in tapering
doses over 3-4 weeks, have shown promise, as noted by Wilson et al [17, 26, 27].
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Intratympanic steroid injections have further demonstrated benefits by enhancing cochlear
vascular permeability and reducing inflammation, as noted by Silverstein et al [28]..

Unlike the broader “shotgun therapy” approach described by Wilkins et al [29]., which
involves combining multiple treatment modalities such as vasodilators, colloids, plasma
expanders, and xanthine derivatives, our study adopted a more focused treatment strategy.
Specifically, we utilized two distinct groups: a control group treated with antiviral therapy
(Acyclovir) and Steroid therapy (Prednisolone) and an intervention group that additionally
received Pentoxifylline alongside Antiviral (Acyclovir) and Steroid (Prednisolone) therapies.
This combination led to hearing improvement in 83.3% of participants. For those who did
not respond to initial conservative treatment, intratympanic dexamethasone injections
proved beneficial, consistent with findings reported by Xenelis et al. [30]. Two patients who
presented with hearing loss persisting for over two months were excluded from the primary
analysis; however, they later demonstrated a 20 dB improvement in hearing within one
month of receiving the treatment protocol with Pentoxifylline, suggesting potential benefit
even in chronic cases.

Limitations

Our study may limit generalizability due to regional healthcare practices and
demographic variations. Sample size constraints limit the precision of subgroup analysis.
As the study was carried out in a single geographic location, the results may not represent
the diversity of patient populations in other regions, where clinical setup and practices
may differ. Future studies involving multicenter trials with diverse patient populations are
needed to enhance external validity and ensure that these results can be reliably applied to
a broader range of clinical settings. Excluding patients with hearing loss beyond two months
may introduce selection bias, affecting findings for chronic cases. The absence of a placebo
control also introduces potential bias.

Generalisability

Our findings are most applicable to populations with similar demographic and
clinical profiles. While our results align with existing SSNHL studies in middle-aged adults,
comorbidities like diabetes and hypertension may influence outcomes in unique ways,
suggesting the need for multicenter trials to enhance external validity.

Interpretation and Implications

This study highlights the potential of a focused treatment strategy employing antiviral
therapy, steroids, and the addition of Pentoxifylline to improve hearing outcomes in patients
with SSNHL. While spontaneous recovery has been documented [28], our findings emphasize
the benefit of a structured, targeted therapeutic approach. Future studies should further
explore long-term outcomes and the individual contributions of each treatment modality for
optimized SSNHL management.

Conclusion

SSNHL is a multifactorial condition that can benefit from a targeted treatment approach.
Our findings indicate that early intervention with a focused regimen of high-dose steroids
and antiviral therapy, supplemented with Pentoxifylline, can significantly improve hearing
outcomes, especially when initiated within 72 hours of symptom onset. The presence
of additional symptoms such as ear blockage, tinnitus, and dizziness did not notably
alter recovery, emphasizing the critical importance of prompt treatment regardless of
symptom complexity. For patients who did not respond to the initial conservative regimen,
intratympanic dexamethasone injections served as a valuable secondary measure, leading to
further improvements in hearing thresholds.
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MRI brain imaging proved essential for identifying retrocochlear and central nervous
system pathologies, such as the detection of a CP angle vascular loop in one non-responder.
Our study supports a structured, stepwise treatment strategy for SSNHL, advocating for
early noninvasive management as the primary intervention. Intratympanic steroids should
be reserved for cases resistant to initial treatment, maximizing patient outcomes and
minimizing the need for invasive interventions.

Future studies should focus on conducting large-scale, multi-center trials across diverse
clinical settings and populations to validate the effectiveness of the findings and proposed
treatment strategy. These studies should aim to explore long-term outcomes of the proposed
treatment plan and determine its sustainability and effectiveness over time. By involving
multiple centers with a broader patient base, future studies can provide more effective and
reliable evidence. This will help establish an evidence based, standardized management
protocol for SSNHL, optimizing patient care and outcome.
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