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OBJECTIVE: Vascular causes are most frequently implicated in idiopathic sudden sensorineural hearing loss (ISSHL), and the process has been
reported to be associated with fibrinogens and plasma lipoproteins. The purpose of this study was to determine the relationship between serum
fibrinogen and high-density lipoprotein (HDL) levels, and the ratios of fibrinogen/HDL and monocyte/HDL, and ISSHL.

METHODS: The present retrospective study included 116 patients with ISSHL. Treatment outcomes was categorised four groups according to
Siegel's criteria as follows: complete recovery (Group1), partial recovery (Group 2), slight recovery (Group 3), or no improvement (Group 4). Fibrin-
ogen, HDL and monocyte levels of patients were assessed through routine blood analyses, and fibrinogen/HDL and monocyte/HDL ratios were
calculated for each patient.

RESULTS: Fibrinogen values were significantly lower in Group 1 than in Groups 3 and 4, whereas the values were also significantly lower in Group
2 than in Group 3. HDL values in Group 1 were significantly higher than in the other groups. Fibrinogen/HDL values were significantly lower in
Group 1 than in Groups 3 and 4. However, there was no significant difference among the groups with regard to monocyte/HDL ratios.
CONCLUSION: To our knowledge, this is the first study investigating the fibrinogen/HDL ratio in ISSHL in the literature. Although fibrinogen/HDL
ratio might be a useful prognostic indicator for hearing recovery in patients with ISSHL, further studies with a larger patient population is required
to confirm its clinical practicability and reliability.
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INTRODUCTION

Sudden sensorineural hearing loss (SSHL) is an otological emergency and has been defined as acute-onset sensorineural hearing
loss (SHL) with a hearing threshold of >30 dB for 3 consecutive test frequencies occurring within a 72-hour period " The incidence
of SSHL varies and has been reported to be 5-20 per 100,000 2. The etiology of SSHL has not yet been clearly identified. Most cases
are considered to be idiopathic, and vascular theory is one of the most widely accepted causes . Some researchers have indicated
that the frequency of idiopathic sudden sensorineural hearing loss (ISSHL) increases in hypercoagulability cases, including sick-
le-cell anemia and macroglobulinemia; in diseases with increased blood viscosity, such as polycythemia vera and fat embolism; in
atherosclerosis and mitral valve diseases; and in systemic vascular diseases such as diabetes mellitus (DM), Buerger’s disease, and
collagen tissue disease B4. High fibrinogen and high-density lipoprotein (HDL) levels were correlated with the development of
ISSHL 51,

In this study, we aimed to evaluate the relationship of serum fibrinogen and HDL levels and the ratios of fibrinogen/HDL and mono-
cyte/HDL with ISSHL to determine their potential prognostic value in ISSHL.

MATERIALS AND METHODS

Patient Selection

This retrospective study included 116 patients who presented to our clinic between January 2014 and May 2016 and were treated
for ISSHL diagnosis. SSHL was defined as SHL with a hearing threshold of >30 dB for 3 consecutive test frequencies occurring within
a 72-hour period. The inclusion criteria were as follows: age, 18-65 years; <7 days between the occurrence of hearing loss and the
commencement of treatment; and no prior treatment for ISSHL before enrolment in this study.
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All patients received 1 mg/kg/d systemic methylprednisolone
(Mustafa Nevzat llac Sanayi A.S., Istanbul, Turkey) along with a gas-
troprotective medicine lansoprazole (Nobel llac Sanayi A.S., Istan-
bul, Turkey), 1x30 mg of the oral proton pump inhibitor. The ste-
roid dosage was decreased by 20 mg once in 3 days. Intratympanic
dexamethasone (ITS) (Deva Holding A.S., Istanbul, Turkey) and/or
hyperbaric oxygen (HBO) therapy were administered as a salvage
therapy for patients who responded poorly to the systemic steroid
treatment. ITS treatment was applied as 5 doses every other day.
After inserting a ventilation tube into the tympanic membrane, ap-
proximately 0.5-0.7 cc dexamethasone was injected transtympani-
cally into the cavum tympani.The patients then rested in the supine
position for 30 min in a manner that ensured otological positioning
by rendering the head 45° to the healthy ear. The patients were in-
structed to swallow or talk as little as possible during this resting
time. The HBO treatment was administered for 10 days as a single
session per day, which lasted for 120 min at 2.5 ATA (1 ATA=760
mmHg). The patients who benefited from the treatment during
audiometry follow-ups were additionally given HBO treatment as a
single session per day for 10 days.

We excluded patients who did not comply with the definition of
ISSHL (retrocochlear pathology, ototoxicity, perilymph fistula, and
acoustic trauma); had a prior history of ISSHL; underwent prior sur-
gery of the affected ear; had any type of ear pathology (tympanic
membrane perforation or chronic otitis media); had a history of au-
toimmune disease; experienced sudden hearing loss owing to oto-
toxic medication use; or had a history of DM, hyperlipidemia, renal
failure, or cardiovascular disease. This study was approved by the
Health Science University, Kayseri Training and Research Hospital
(52332816/7/23.8.2017) and conforms to the principles of the Dec-
laration of Helsinki.

Audiological Evaluation

All patients were diagnosed after a complete ear-nose-throat exam-
ination followed by pure-tone audiometry. Pure-tone thresholds of
250-8,000 Hz and speech discrimination scores were evaluated. The
pure-tone average was calculated as the average hearing threshold
at frequencies of 500; 1,000; 2,000; and 4,000 Hz. Audiological exam-
inations were performed in soundproof cabins using a brand audi-
ometry device (AC 40; Interacoustics, Denmark) by the same audiol-
ogist group. The patients were categorized into 4 groups according
to the Siegel’s criteria (Table 1) based on their hearing thresholds at
the beginning and at the end of the third month as follows: complete
recovery (Group 1), partial recovery (Group 2), slight recovery (Group
3), or no improvement (Group 4).

MAIN POINTS

- The fibrinogen/HDL ratios were significantly lower in com-
plete recovery group and there was a significant correlation
between the fibrinogen/HDL ratio and hearing recovery.

«  Thefibrinogen/HDL ratio might be a useful prognostic indi-
cator for hearing recovery in patients with ISSHL,

«  There was no significant correlation between the mono-
cyte/HDL ratio and hearing recovery.

Table 1. The study groups according to the Siegel’s criteria

Type Hearing recovery

. Complete recovery (Group 1) Final hearing better than 25 dB

II. Partial recovery (Group 2) More than 15 dB gain, final hearing 25-45 dB

Il. Slight recovery (Group 3) More than 15 dB gain, final hearing poorer

than 45 dB

IV.No improvement (Group 4) Less than 15 dB gain

Biochemical and Hematological Evaluation

Before the treatment began, all patients were evaluated for complete
blood count, chemistry panel, fibrinogen test, and HDL level deter-
mination. The fibrinogen/HDL and monocyte/HDL ratios were also
calculated for each patient.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social Scienc-
es (SPSS), version 22; (IBM Corp.; Armonk, NY, USA). The normality of
data distribution was analyzed using the Kolmogorov-Smirnov test.
Data were expressed as meanzstandard deviation. The chi-square
test was used to compare categorical variables, whereas the quan-
titative data of the groups were compared by the one-way analysis
of variance followed by the Tukey’s honestly significant difference as
the post hoc test. The Pearson correlation coefficient was determined
to establish the correlation between the fibrinogen and HDL levels
and the fibrinogen/HDL ratio, with the study groups categorized
according to the Siegel’s criteria. A p value of <0.05 was considered
statistically significant for all comparisons.

RESULTS

Overall, 116 patients and 122 ears were included in this study. The
bilateral incidence rate was 5.1%. Of the affected 122 ears, 64 were
right (52.4%) and 58 were left (47.6%) ears. The difference in laterality
was not statistically significant (p=0.97). There were 30, 23, 18, and 45
patientsin Groups 1, 2, 3, and 4, respectively. There was no significant
difference among the groups in terms of age or gender. The compari-
sons of demographic data and values of laboratory parameters of the
groups are shown in Table 2.

The fibrinogen levels were significantly lower in Group 1 than in
Groups 3 and 4, whereas there was no significant difference be-
tween Group 1 and Group 2. In addition, the fibrinogen levels were
significantly lower in Group 2 than in Group 3 (Table 3). There were
no further significant differences in terms of fibrinogen levels among
the groups. The HDL levels in Group 1 were significantly higher than
those in all the other groups. However, the difference among the oth-
er groups was not statistically significant (Table 4). The fibrinogen/
HDL ratios were significantly lower in Group 1 than in Groups 3 and 4,
whereas the difference among the other groups was not statistically
significant (Table 5). There was no significant difference among the
groups regarding their monocyte/HDL ratios.

According to the Pearson correlation coefficient, there was a sig-
nificant correlation between the fibrinogen and fibrinogen/HDL
levels and the study groups (p=0.003 and r=0.273, p=0.003 and
r=0.272, respectively), whereas there was no correlation for the
HDL levels.
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Table 2. Comparison of demographic data and laboratory parameters of the groups

Group 1 (n=30) Group 2 (n=23) Group 3 (n=18) Group 4 (n=45) P
Age (y) 394 47 46.3 46 0.124
Gender (M/F) 21/9 13/10 12/6 22/23 0.102
Fibrinogen (mg/dL) 280.6+65.2 297.7+90.2 388.6+84.2 341.8+1224 0.001
HDL (mg/dL) 51.8+9.3 44.1+£8.6 47+£11.2 48+9.4 0.034
Monocyte (10%/pL) 0.46+0.23 0.45+0.15 0.51+0.14 0.42+0.29 0.176
Fibrinogen/HDL 5.53+1.37 7.04+2.73 8.62+2.47 7.55+3.63 0.002
Monocyte/HDL 0.0091+0.0052 0.0108+0.0045 0.0113+0.0038 0.0095+0.0072 0.089

HDL: high-density lipoproteins; F: female; M: male; n: number of patients

Table 3. P values derived from the statistical comparison of fibrinogen levels
among the groups

Group 1 Group 2 Group 3 Group 4
(n=30) (n=23) (n=18) (n=45)
Group 1 NA 0.922 0.002 0.046
Group 2 0.922 NA 0.021 0.304
Group 3 0.002 0.021 NA 0.325
Group 4 0.046 0.304 0.325 NA

Analysis of variance/Tukey'’s honestly significant difference.
NA: not applicable; n: number of patients

Table 4. P values derived from the statistical comparison of high-density
lipoprotein levels among the groups

Group 1 Group 2 Group 3 Group 4
(n=30) (n=23) (n=18) (n=45)
Group 1 NA 0.023 0.326 0.322
Group 2 0.023 NA 0.784 0.406
Group 3 0.326 0.784 NA 0.982
Group 4 0.322 0.406 0.982 NA

Analysis of variance/Tukey’s honestly significant difference.
NA: not applicable; n: number of patients

Table 5. P values derived from the statistical comparison of fibrinogen/high-
density lipoprotein ratios among the groups

Group 1 Group 2 Group 3 Group 4
(n=30) (n=23) (n=18) (n=45)
Group 1 NA 0.228 0.002 0.017
Group 2 0.228 NA 0.298 0.896
Group 3 0.002 0.298 NA 0.538
Group 4 0.017 0.896 0.538 NA

Analysis of variance/Tukey’s honestly significant difference.
NA: not applicable; n: number of patients

DISCUSSION

Idiopathic sudden sensorineural hearing loss is one of the rare pa-
thologies that can be treated as a part of sensorineural-type hearing
losses. Although its etiopathogenesis is not clearly known, it has a
relatively good prognosis. The spontaneous recovery rate of ISSHL,

independent of treatment, is 32%-65% . Therefore, the efficiency
of treatment protocols and the evaluation of prognostic factors have
become more demanding. Although several causes, such as infec-
tious, immunological, and inflammatory factors, are associated with
the etiopathogenesis of ISSHL, one of the most emphasized theo-
ries is the vascular theory. The cochlea is supplied with blood from 2
terminal arteries with very small diameters; therefore, the cochlea is
susceptible to vascular trauma because it has no collateral support.
According to the vascular theory, hearing loss can be caused by a
sudden vascular hemorrhage, an occlusion originating from embo-
li, vasospasm, or blood viscosity 7%, Some studies also purport that
ischemic risk factors, such as smoking, hypertension, and hyperlip-
idemia, are also risk factors for ISSHL, and 35%-40% of patients with
ISSHL have hyperlipidemia *'. Many studies have reported that in-
creased cholesterol and triglyceride levels are more prevalent among
patients with ISSHL 2. Some of the experiments performed using
animal models have also revealed edema in the cochlear structures
of animals '3\,

Fibrinogen is a positive acute-phase protein, and its secretion in-
creases during inflammatory processes. In previous studies, fibrin-
ogen has been associated with cardiovascular disease and several
types of cancer such as kidney and lung carcinoma "%, Fibrinogen
has a strong correlation with plasma viscosity . In particular, an in-
creased inclination for aggregation has adverse effects on blood-flow
velocity in association with fibrinogen levels '), Therefore, decreased
blood-flow velocity in veins that is occluded owing to the increased
plasma viscosity accelerates the development process and increas-
es thrombotic inclination "7, An elevated plasma fibrinogen level
elevates the inclination for atherosclerosis owing to both increased
plasma viscosity and the thrombotic triggering effect of fibrin as a re-
sult of degradation. Many studies have shown that this process leads
to ISSHL when it occurs in the inner ear ', A study by Park et al. 12
has also reported that increased fibrinogen levels are associated with
poor prognosis. Another study has reported that increased fibrino-
gen levels measured during the first week of disease were inversely
proportional to hearing improvement 2", In this study, the fibrinogen
levels were significantly lower in Group 1 than in Groups 3 and 4. The
fibrinogen levels were significantly lower in Group 2 than in Group 3.

Oxidative stress is a key risk factor for atherosclerosis, and such an
effect can be caused by the formation of pro-inflammatory and
pro-atherogenic oxidized low-density lipoprotein (LDL) in the artery
intima 22, These peroxidation products are important, because they
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show a pro-inflammatory effect and cause endothelium dysfunction.
HDL exerts its antioxidant effect by decreasing LDL oxidation 2%, This
effect is ensured by many diverse enzymes and structural proteins.
Elevated LDL and total cholesterol (TC) levels along with decreased
HDL levels and an increased TC/HDL ratio are associated with vascu-
lar damage and thrombosis ?%. Increased TC, triglyceride, and non-
HDL levels are also compatible with a level of hearing loss and poor
prognosis . In a systematic review and meta-analysis, Chang et al.
28l found no evidence of serum lipids being associated with SSHL but
they could not definitively rule out such an association. In this study,
the HDL levels in Group 1 were significantly higher than those in the
other groups, but the difference among the other groups was not
statistically significant.

Ma et al. ? found that concomitantly increased fibrinogen and de-
creased HDL levels were associated with increased recurrent cerebral
thrombosis, although increased fibrinogen and decreased HDL lev-
els were not significant when compared separately. Kowalski et al.
28 reported that the concomitance of increased D-dimer, a fibrino-
gen degradation product, and decreased HDL level was a risk fac-
tor for acute pulmonary emboli formation. The fibrinogen and HDL
levels were previously evaluated separately in several cardiological
and oncological studies, and these levels were associated with in-
flammatory and atherothrombotic processes. Similarly, these levels
were also evaluated in patients with ISSHL, and both the levels were
found to have an effect on the etiopathogenesis and were evaluated
as prognostic. In this study, we also concluded that both fibrinogen
and HDL levels may have a prognostic value in ISSHL. However, our
study was the first to evaluate the concomitance of both parameters
in ISSHL using the fibrinogen/HDL ratio. In this study, the fibrinogen/
HDL ratio was significantly lower in Group 1 than in Groups 3 and 4.
In addition, there was a significant correlation between the fibrino-
gen/HDL ratio and hearing recovery according to the Siegel’s criteria.
Therefore, we suggest that fibrinogen/HDL ratio may be used as a
prognostic indicator in patients with ISSHL.

Previous studies, particularly cardiovascular and cerebrovascular
investigations, have demonstrated that the monocyte/HDL ratio is
a prominent indicator for atherosclerosis 2%3%, In a single study on
ISSHL, Kocak et al. B evaluated the monocyte/HDL ratios in 45 pa-
tients with ISSHL and compared these levels with those of 47 healthy
volunteers. They did not identify any significant difference between
the study and control groups and therefore concluded that the
monocyte/HDL ratio did not have any predictive value. Similarly, we
did not find any significant difference among the groups in terms of
their monocyte/HDL ratios.

Our study had some limitations. First, this was a retrospective study,
and it also had a small sample size. In addition, the initial hearing loss
degrees of the groups were not homogeneous. Second, although
there was no statistically significant difference in terms of age and
gender between the groups, the mean age of Group 1 was lesser
than the average ages of Groups 2-4. Age is especially important,
because a vascular etiology is likely to be more common in patients
with ISSHL who are older.

Third, the treatment protocols among the groups were heterogeneous
owing to the administration of salvage therapy to non-responsive

patients. Analyses of these parameters in further prospective studies
that ensure intergroup homogenization may offer a better evalua-
tion of the reliability and efficiency of these results.

CONCLUSION

To the best of our knowledge, this is the first study to investigate the
fibrinogen/HDL ratio in patients with ISSHL. Although the fibrinogen/
HDL ratio might be a useful prognostic indicator for hearing recovery
in patients with ISSHL, further studies with a larger patient popula-
tion are required to confirm its clinical practicability and reliability.
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