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Little is known about the transition from acute tinnitus to chronic tinnitus. By means of this study, we are attempting to close this gap by presenting prospective pilot data of patients with acute tinnitus, followed by tracking their condition's trajectory over a period of 6 months. Forty-nine patients presenting with acute tinnitus (duration < 28 days) were recruited in two clinics. We recorded demographic and clinical tinnitus-related data as well as data on personality, health, treatments, and life-style, during patients' first appearance in the clinic and again three and 6 months thereafter. Standard audiograms were performed at the first and the second visit. Nine (18.4%) patients showed full remission of their tinnitus. These patients differed from patients with a chronic course of tinnitus by shorter tinnitus duration, lower fear-related hyperacusis, higher proportion of female gender, increased ear pressure, and lower levels of alcohol consumption. Among the patients with a chronification of tinnitus, there was no change in tinnitus characteristics. However, their tinnitus distress improved moderately over time. These preliminary data are in line with earlier studies that have shown that only a small proportion of those patients presenting in the clinic with acute tinnitus experience a full remission. The results of this study can be of service in deducing hypotheses for the transition from acute to chronic tinnitus and in developing designs for interventional studies.
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INTRODUCTION

Subjective chronic tinnitus has a high prevalence, affecting 10–15% of adults worldwide (1, 2), and is responsible for high costs for health care systems (3). Research on chronic tinnitus has been growing during the last decade.

Several hypotheses about risk factors for developing chronic or decompensated tinnitus exist. Hearing impairment can be found in almost all patients with chronic tinnitus (4, 5). However, not every patient with hearing difficulty has tinnitus, meaning that hearing impairment may be a required but not sufficient risk factor. For example, Muhlmeier et al. published a study including 113 patients with acute idiopathic sudden sensorineural hearing loss. Here, tinnitus loudness decreased rapidly in cases of mild-moderate hearing loss and tinnitus had completely resolved in two-thirds of the patients after 3 months. In contrast, when tinnitus is associated with severe-profound hearing loss, it improved significantly less (6). Also, temporomandibular joint or neck pathologies are discussed as moderators for tinnitus (7). Additional comorbidities such as depression (8), anxiety (8), hyperacusis (9), and personality traits such as neuroticism (10), are discussed as determining factors for the development of decompensated tinnitus, resulting in patients seeking for help. Anxiety disorders in tinnitus patients seem to be associated with more psychosocial stress (11). Other studies could show that low resilience is associated with low emotional health and distressing tinnitus (12). D'Amelio et al. described a high correlation between the degree of depression on one side and the dysfunctional coping with stress and emotional distress caused by tinnitus on the other side, frequently present in acute tinnitus cases (13).

Most findings on risk factors for chronic or decompensated tinnitus are based on cross-sectional and retrospective datasets or specific populations. Up to now, prospective and longitudinal studies are sparse. Overall, the transition and progression from acute to chronic tinnitus has not been sufficiently addressed.

We were only able to identify two studies investigating the course of acute tinnitus. One study followed the trajectory of tinnitus over 6 months (14). There, 10 out of 44 patients showed full recovery. Tinnitus-attributed sleep disturbance, anxiety, and life satisfaction, each assessed at first investigation, independently predicted tinnitus distress at the second assessment 6 months later in patients with a chronic course of tinnitus. These three variables together predicted 56% of the variance of tinnitus distress at the time of the second assessment. This is in accordance with a follow-up study of patients with tinnitus after 2 years, showing that severe tinnitus suffering was associated with a higher likelihood of anxiety disorders, more psychosocial stress and lower global assessment of function scores (11).

The second observational study on the development of acute tinnitus over time showed that almost 90% of participants developed chronic tinnitus, only five out of 41 patients showed complete remission after 6 months (15). Aspects of mental health like level of depression and anxiety at the beginning of tinnitus seem to be predicting a higher level of tinnitus decompensation after 6 months (15).

The prevalence data of these two prospective studies are in contrast to a retrospective study by Forti et al. of 269 patients who were treated with Tinnitus Retraining Therapy and sound generators, 26% did not use the sound generator in a mean time of 49 (+-16,89) months of follow-up, because their tinnitus apparently was no longer a problem (16).

In sum, data on the progression of acute tinnitus are limited, and the focus seems to be on the prediction of tinnitus worsening and not on predictors for tinnitus remission; or studies are based on a specific sub-group of patients with sudden hearing loss. Thus, we performed a two-center observational survey to evaluate possible predictors for tinnitus remission and investigate the transition from acute to chronic tinnitus during a time interval of 6 months after onset.



MATERIALS AND METHODS

We included 50 patients presenting in either one of two clinics of Otorhinolaryngology in Eastern Bavaria (Regensburg, Straubing), beginning from October 2013, with a duration of acute tinnitus of up to 28 days. For this work, acute tinnitus was defined by a tinnitus duration below 28 days, with the intention of investigating the transition from acute to chronic tinnitus. There is heterogeneity of definition of acute (<3 months), sub-acute (<6 months), and chronic tinnitus (>6 months but also >3 months) in the literature (15, 17). However, as we were interested in the transition from one stage to the other, we restricted our inclusion criteria to the very acute duration of tinnitus and decided to conduct the follow-up visits 3 and 6 months after the first consultation.

All patients gave written informed consent to the study which was approved by the ethics committee of the University of Regensburg (13-101-0160).

All patients presented twice in the hospital—for the first consultation and a first follow-up 3 months thereafter. The first contact took place in emergency settings. Three months after the second visit, patients received questionnaires by mail. We recorded different categories of data (i.e., demographic, tinnitus-related, audiology, psychopathological, health-related, treatment and life-style data). Most of the data were ratings or subjective reported variables. Audiology was recorded by the investigator team (pure tone audiogram; frequencies 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 3 kHz, 4 kHz, 6 kHz, and 8 kHz). Standardized ratings included the Tinnitus Sample Case History Questionnaire (18) for tinnitus characteristics, numeric ratings scales for different aspects of tinnitus (19), the Mini Tinnitus Questionnaire (20) for measurement of tinnitus distress, the Big-Five-Inventory-10 (21) for measurement of five personality traits, the Life Orientation Test (LOT-R) (22) for measurement of optimism and pessimism, and the Generalized Anxiety Disorder 7 (GAD-7) of the Patient Health Questionnaire (PHQ) (23).

For group comparisons of categorial variables we used chi-square tests of independence, and of metric variables Student t-tests. Longitudinal analyses were done with Student t-test for dependent samples or, in the case of three observations, with analyses of variance with the within-subjects factor time. Significance threshold was set to 5%. Analyses were done with SPSS 24 (IBM SPSS Statistics).



RESULTS


Sample Description

Fifty patients presented from October 2013 to December 2016 with a tinnitus onset of up to 28 days. Due to a high number of missing values, one patient had to be excluded from the study. The analysis sample consisted of 49 patients presenting in either one of two clinics for Otorhinolaryngology in Eastern Bavaria (Regensburg: n = 14; Straubing: n = 35). The recruitment time interval was from October 2013 to December 2016.



Demographics

Twenty-one out of these 49 patients were females. Mean age was 46 ± 14 years (range: 21–81 years). Seventeen reported A-levels or equivalently high education. Thirty-one were married, seven with and 11 without partnership. Mean height was 1.73 ± 0.76 m and mean weight was 79 ± 14 kg. The mean number of alcoholic drinks per week was 2.8 ± 3.6. Eight patients reported regular smoking. Mean hearing (dB HL) loss was 27 ± 29 on the right and 24 ± 22 on the left side.



Tinnitus Characteristics

Tinnitus duration was 8.5 ± 5.3 days (range: 1–25 days), tinnitus loudness was 44 ± 25, tinnitus awareness 61 ± 31, and tinnitus annoyance 54 ± 34 (all three variables with a scale from 0 to 100). Numeric ratings showed values for severity of 3.2 ± 1.1 (on a scale from 0 to 5). Numeric ratings with a scale from 0 to 10 showed 4.3 ± 2.7 for loudness, 5.1 ± 3.0 for discomfort, 5.3 ± 3.2 for annoyance, 5.5 ± 3.4 for ignorability, and 5.2 ± 3.1 for unpleasantness. The Mini Tinnitus Questionnaire showed a mean value of 11.6 ± 6.5 (range 0–23) indicating moderate distress in average. Eighteen (37%) patients reported tinnitus in relatives, 12 reported a gradual and 37 a sudden beginning of tinnitus. All patients experienced non-pulsatile tinnitus. Nineteen (39%) reported fluctuations of their tinnitus over time. Twenty patients had tinnitus purely on the right, 18 purely on the left side. Three reported a right-dominant tinnitus, five a left-dominant, and three patients equal distributed tinnitus over both ears. Most patients reported a tonal tinnitus (n = 39), two noise-like, one crickets-like, and seven other sounds. With respect to pitch, tinnitus was rated very high in six, high in 24, middle in 14, and low in five patients. Thirty-one reported maskability of tinnitus by sounds, 10 patients reported it not maskable, and eight were unable to answer this question. Modulation of tinnitus by somatic maneuvers was possible in 16 (33%) patients.



Comorbidities

Half of patients (n = 23; 46.9%) reported worsening of tinnitus by stress and the remaining patients reported no impact of stress on their tinnitus. Only one patient was equipped with hearing aids. Thirteen patients reported painful hyperacusis, 27 had no hyperacusis, and nine patients did not answer this question. Fear-related hyperacusis was 2.8 ± 1.0 on a scale from 1 to 5.

Headache was prevalent in 14 patients, temporomandibular joint problems in 11 patients, neck pain in 22 patients, and general pain in six patients. Two patients reported concomitant psychiatric treatment.

With respect to putative tinnitus-causing factors, five patients reported to have a noisy hobby, 29 reported stress in the last weeks, five an acute and two long lasting noise exposition. Ear infections in the previous weeks were present in three patients, a common cold in nine patients, a recent hearing loss in 18 and a long-lasting hearing loss in eight patients. Ear pressure was prevalent in 28 patients and vertigo in 12 patients. Two patients reported a diving accident, six patients ear surgery, one patient acute and six patients earlier cervical spine injury. One patient reported head injury in the last weeks before tinnitus onset and two in the past.

With respect to diseases, we asked for diabetes (n = 2), stroke (n = 1), heart attack (n = 1), hypertension (n = 16), hypotension (n = 2), diseases of the immune system (n = 4), high cholesterol (n = 11), and gout (n = 3). No patient had any kidney disease or an infectious disease.

Concerning regular medication, five patients took anticoagulants, four diuretics, 15 blood pressure medication, eight antibiotics, and three contraceptives. No patient was undergoing chemotherapy.



Treatment

During the observation period 30 patients (61.2%) received tinnitus treatment. Nineteen received steroid hormones (cortisone, prednisolone, and dexamethasone), five local anesthetics (lidocaine, procaine, and novocaine), six antihistamines (betahistine, dimenhydrinate), eight cardiac medication (several different medications), and nine herbal drugs (different herbal drugs and vitamines). Eleven underwent physiotherapy, two psychosomatic interventions (rehabilitation, autogenic training), one hyperbaric oxygen therapy. No ear surgery was reported. Four patients could not specify the treatment they received.



Psychological Measures

The evaluation of personality traits with the Big-Five Personality Inventory (scale from 1 to 5), revealed extraversion to be 3.4 ± 1.0, neuroticism 3.2 ± 0.9, openness 3.5 ± 0.9, conscientiousness 4.3 ± 0.6, and agreeableness 3.1 ± 0.8. Pessimism was 11.1 ± 2.2 and optimism 6.6 ± 2.4, both measured on a scale from 1 to 15. Depressivity on a scale from 0 to 2 was 0.7 ± 0.9, and anxiety on a scale from 0 to 15 was 6.5 ± 4.4.



Predictor Analysis

Nine out of 49 patients (18.4%) showed a full remission of tinnitus after 3 and 6 months. All measured variables were tested for group differences. Patients with full remission differed from patients with “chronic tinnitus” with respect to tinnitus duration, fear-related hyperacusis, drinks per week, gender, and ear pressure (i.e., tinnitus remission was associated with the following characteristics at baseline: shorter tinnitus duration, lower fear-related hyperacusis, lower consumption of alcoholic drinks, higher incidence of increased ear pressure and a higher proportion of women). For statistical values see Table 1. All other variables turned out not to differ significantly between groups.


Table 1. Significant differences in patients with full remission vs. patients with chronic course of tinnitus.
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Longitudinal Analysis

For 37 out of the 40 patients with chronic tinnitus complete data sets of both follow-up visits were available. These patients showed no significant changes over time for tinnitus loudness or tinnitus awareness, but for tinnitus annoyance, discomfort, ignorability, unpleasantness, and distress. The reduction of the Mini TQ score over the observation period of 6 months was in the range of a medium effect size (Cohen's d(?) 0.691). Tinnitus laterality, type, and subjective reported frequency were similar for both visits as indicated by (near) significant chi-square tests. For details see Table 2. Hearing functions improved from visit 1 to visit 2, but there was no significant correlation between changes in hearing and changes in annoyance, discomfort, ignorability, unpleasantness, and distress. Correlations analyses were not significant (all r < 0.296; all p > 0.094).


Table 2. Course of tinnitus related variables over time in patients with chronic tinnitus.
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DISCUSSION


Discussion of Our Results

The aim of our study was to observe the transition from acute to chronic tinnitus and to identify predictors for the remission and trajectory of tinnitus. Our main results are (1) that among patients who present with a tinnitus duration of <4 weeks at the clinic only a small amount (18%) lose their tinnitus and show full remission, (2) that putative predictors for remission may be shorter tinnitus duration, female sex, lower consumption of alcoholic drinks, lower fear-related hyperacusis, and increased subjective ear pressure, and (3) that among those patients who develop chronic tinnitus, the perceptual tinnitus characteristics remain unchanged, whereas tinnitus distress improves over time.

To our knowledge, two studies with a comparable approach exist (14, 15). Particularly similar was the investigation by Wallhausser-Franke. Patients were also recruited between 2013 and 2016, the sample size and inclusion criteria (tinnitus onset below 4 weeks) were similar, the observation period equally was 6 months, and some rating instruments were identical. Our findings confirm the main findings of the two previous publications. Both studies indicate a high heterogeneity with respect to tinnitus etiology and applied treatments, both suggest remission rates below 20% and both converge in the observation that tinnitus characteristics (localization, sound quality) tend to stay stable, whereas the average tinnitus distress improves moderately over time. Predictor analysis was done with respect to variables of tinnitus distress as an outcome variable and not with respect to the complete remission of tinnitus. By this means, higher tinnitus distress and depressivity in the acute phase of tinnitus were identified as predictors for a worsening of tinnitus over time.



Limitations

These three small studies highlight the need for further investigations of larger samples. The design of these investigations should consider the experiences and the limitations of the available studies. One lesson from previous undertakings is the need of a uniform definition of variables. For example, Wallhausser-Franke and colleagues find changes in tinnitus awareness over time that we weren't able to, which may be related to the operationalisation of this variable (15). Wallhausser-Franke coded this variable as “permanent” and “intermittent,” and we asked for percentage values (0–100%).

Another limitation of the available studies is the heterogeneity of performed interventions. These studies investigating the natural course of tinnitus over time should be complemented by interventional research. Even if we gathered data prospectively, it is not possible to draw causal conclusions as long as treatments are not controlled and randomized. For example, we can only speculate if a therapeutic intervention targeting the identified risk factors will improve the course of tinnitus. For example, consumption of alcoholic drinks was identified as one predictor. Only an interventional study could tell whether a corresponding intervention (e.g., decrease of alcohol consumption may help to increase the chance of remission or whether alcohol consumption is not a cause, but rather the consequence of a more affected chronic and decompensated tinnitus). Another limitation is the short period of a 6 months of follow-up and a missing question for thyroid disease.



Perspective for Future Studies

In the future, increasing the validity of data by collecting a highly operationalized case history, interview, and diagnosis of patients as well as medical records, instead of relying solely on subjective reports as has been done in the present study, should be considered. In order to avoid a selection bias, one should aim not only to recruit from hospital clinics but also from ENT- and GP-practices. Moreover, one should aim at an early assessment of tinnitus patients as soon as possible after tinnitus onset. As heterogeneity of etiology and treatment is high, large-scale multi-center trials will be necessary to create a sufficiently large data basis.

The remission rate for acute tinnitus in our study is quite low. It is not clear whether the results are representative. One might assume a selection bias, as those patients in which the tinnitus did disappear spontaneously a few days after tinnitus onset did not present in the clinic. This selection bias is particularly relevant for those patients who present at a later timepoint after tinnitus onset. Accordingly, we observed that a longer tinnitus duration at presentation in the clinic was a predictor for a chronic manifestation of tinnitus.

The remission rate identified in our study and in comparable previous investigations (14, 15) was lower than remission rates for conditions such as sudden hearing loss and acoustic trauma [for overview see (15)]. Even if hearing recovery is a predictor for tinnitus improvement (6), our finding of a lower remission rate of tinnitus when compared to hearing recovery after sudden hearing loss suggests that the chances for hearing recovery after acute hearing loss are higher than the chances for tinnitus disappearance after acute tinnitus onset. Indeed, in clinical practice patients frequently report about good hearing recovery but ongoing tinnitus after sudden hearing loss.

These preliminary data will help in deducing hypotheses about which aspects might be relevant for the chronification of tinnitus. The finding that female sex is associated with a higher chance for tinnitus disappearance might explain why chronic tinnitus is more prevalent in men. Hyperacusis was speculated to be a precursor for tinnitus (9). It might be necessary to screen for hyperacusis in acute tinnitus patients and to find out which aspects of hyperacusis are relevant (in our sample this was fear-related, even if general anxiety did not predict remission). Interestingly, we did no see a significant effect of personality or anxiety even if there is evidence that these variables are involved in decompensated tinnitus (24, 25). It would be highly interesting to see whether ear pressure could be validated by means of diagnostic tests. One could speculate that the subjectively reported increased ear pressure might be an indicator of endolymphatic hydrops, which in turn might characterize a subtype of tinnitus with more fluctuations (26). For this purpose, a more exact definition of ear pressure is also necessary.

In conclusion, acute tinnitus is a highly heterogeneous phenomenon with up to 20% full recovery after 6 months and is taking a moderately positive trajectory in terms of tinnitus distress over time, despite unchanged tinnitus characteristics.
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