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Abstract

The present study was conducted with the aim to investigate the peripheral and central auditory manifestations in individuals with RA. 40 subjects (age range: 25-45 years), diagnosed with RA and 40 age and sex matched otologically normal subjects participated in the study. Participants underwent a comprehensive audiological test battery comprising of conventional and extended high frequency puretone audiometry, impedance audiometry, otoacoustic emissions (OAEs) and auditory brainstem responses (ABR). Significant difference between the puretone thresholds for the two groups was found at high frequencies (beyond 4 kHz). Majority of the subjects in RA group had absent/reduced amplitude for TEOAE. A highly statistically significant difference was observed between the RA and the control group for the absolute latency of wave I, III and V of the left ear. Considering the high incidence of hearing loss in RA group, a regular referral for audiological evaluations is suggested.
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Introduction

Rheumatoid arthritis (RA) is a chronic multisystem disease. It is associated with a number of systemic manifestations. RA is a common autoimmune disease affecting 2% to 3% of the adult population [1]. The usual age of onset is from 35 to 45 years [2]. The characteristic trait of RA is persistent inflammatory synovitis, which involves the peripheral joints in a symmetric distribution. The hallmark characteristic of the disease is the potential of the synovial inflammation to cause cartilage damage, bone erosions and subsequent changes in joint integrity [3]. RA has the potential to affect the form and function of many otolaryngological joints, such as the ossicular joints located in the ear, the temporomandibular joint, and the cricoarytenoid joints [4-6]. The incudomalleolar and incudostapedial joints of the middle ear are freely movable joints called diathroses.

These joints may be subject to rheumatic involvement. Similar to ossicular joints, the cricoarytenoid joint is a true diathrodial joint and a high occurrence of rheumatoid laryngitis has been documented [7-10]. Despite the prevalence of otolaryngologic complications of RA, the manifestations of the disease cause auditory symptoms that are often ignored by both patient and physician [9]. Sensory-neural hearing loss (SNHL) involving the cochlear mechanism is a common finding in patients with RA [11-14]. Conductive hearing loss [13,15] and mixed hearing loss (HL) [14,15] have also been reported among the target population. SNHL may be the result of the extra-articular manifestation of the disease (rheumatoid nodular vasculitis) or due to drug ototoxicity [16-18]. Increased laxity of the middle ear transducer mechanism (because of the synovial joints between the ossicles in the middle ear) is likely the cause of conductive element. Also, the presence of a mixed hearing loss suggests a multifocal involvement of the auditory system in RA [13].

A brief review of the literature on RA presents with conflicting results suggesting hearing loss to be conductive, SN, or mixed type. The affected frequencies are low (0.125 kHz - 500Hz) or high (8 kHz) and the pathophysiology of the disease could be in the ossicular chain or cochlea, depending on the type of hearing loss and disease progression. These inconsistent findings necessitated us to investigate and profile audiological characteristics of the subjects with RA. The main objective of the study was to investigate the peripheral and central auditory manifestations in individuals with RA. These were compared with the control group (normal hearing population). The final objective of the study was to correlate the audiological changes in RA with other blood investigations to test the active disease progression.

Materials and Methods

A comparative case-control study was carried out at the Speech and Hearing Unit, Department of ENT, Post Graduate Institute of Medical Education and Research, Chandigarh. 40 subjects in the age range of 25 to 45 years with a mean age of 34.5 years, diagnosed with RA (Group 1) and 40 age and sex matched subjects with no history of any previous otological or audiological complaint (Group 2) were enrolled in the present study. Subjects with a history of ear disease (tympanic membrane perforation, otitis media, otosclerosis, otorrhoea), inner ear disease (Meniere’s disease), severe head injury, history of previous otologic surgery, metabolic or systemic diseases associated with hearing loss, loud noise exposure of drug ototoxicity, individuals with family history of hearing loss were excluded from the present study. An informed consent was taken from all the participants and the study was approved by the institute ethical committee.

All the participants underwent a comprehensive audiological test battery comprising of initial otoscopic examination to check the status of the tympanic membrane and the external ear canal, conventional and extended high frequency puretone audiometry with bone conduction audiometry, impedance audiometry with stapedial reflex testing, otoacoustic emissions (OAEs) and auditory brainstem responses (ABR). Pure tone clinical audiometer (Madsen Orbiter 922, Version 2; Madsen Electronics, Taastrup, Denmark) was used for performing conventional audiometry (250 Hz -8000 Hz) and extended high frequency audiometry (10,000Hz - 20,000 Hz). Puretone audiometry (PTA) was conducted with TDH 39 supra-aural earphones(Telephonics Co., Farmingdale, USA) with noise excluding headsets and extended high frequency puretone audiometry was performed using HDA200 closed circumaural earphones(Sennheiser Co., Germany).

Bone conduction hearing thresholds were estimated using bone vibrator Radio ear B71 with head band. The air bone gap obtained with air conduction and bone conduction thresholds confirmed the type of hearing loss as sensorineural (SN) or conductive hearing loss (CHL). Hearing loss were graded according to the recommendation by American Speech and Hearing Association, (ASHA) [19], as minimal, mild, moderate moderately severe, severe and profound. Pure tone Average (PTA1, PTA2, and PTA3) were calculated for all test frequencies. PTA 1 was computed as an average of 0.5 KHz, 1K Hz, and 2 KHz; PTA 2 of 4 KHz, 8 KHz and 10 KHz and PTA 3 of 12 KHz, 14 KHz, 16 KHz, and 20 KHz.

Immitance audiometry and Stapedial Reflex testing were conducted using a commercially available impedance meter (Maico MI34 Middle ear analyzer, MAICO Diagnostics, Berlin) calibratled as per ANSI 1992 standards. The test protocol included a low frequency probe tone (226 Hz) with pressure variations from -400 to 200 dapa. Tympanogram obtained were classified according to Jerger and Jerger classification system [20]. Acoustic reflex threshold (ART) was measured for both ipsilateral and contralateral ears at 500 Hz, 1kHz, 2kHz and 4kHz Ipsilateral ART between 70-90 dB HL was considered as present and, between 95-110 dB were considered as elevated and above 110 dB HL as absent. Contralateral ART between 80-100 dB HL was considered as present and between 105-120 dB HL as elevated and above 120 dB HL as absent.

Otoacoustic emissions (OAEs) were measured using the Smart TrOAE and Smart OAE(Intelligent Hearing System, Miami, Florida, USA). The amplitude and signal to noise ratio (SNR) at frequencies 1,000 Hz, 1500 Hz, 2,000, 3,000 Hz and 4,000 Hz were used to interpret the test results. The SNR of > 3dB at three consecutive frequencies was considered as presence of response. Electrophysiological tests to detect the site of the lesion along the auditory pathway (auditory nerve and lower auditory brainstem) were also a part of the test battery. Auditory Brainstem Responses (ABR) recording was done using Neuro- Audio (Version 2010), (Neurosoft, Ivanovo, Russia). Electrode placement was as per 10-20 international systems (M1CzM2- Fz,) with impedance measurements below 5 KΩ. Silver- silver chloride button electrodes were used for testing [19].

ABR was performed using filtered clicks at a rate of 19.3/sec, with filters setting between 100 Hz to 3,000 Hz. Every response was an average of 1,024 presentations. Monaural recordings were performed at 90 dB nHL (hearing level for normal individuals) and 70 dB nHL for both ears. The absolute latencies of wave I, III & V and interpeak latencies (IPL) of Wave I-III, III-V and I-V were evaluated. Reproducibility of the waveform was checked by presenting the stimulus twice. ABR findings were reported abnormal for IPL delay of waves I to III, >2.4 msec; waves III to V, >2.2 msec; and waves I to V, >4.4 msec.

Results

Pure tone audiometry

32 (80%) out of 40 subjects in the RA group were found to have hearing loss in right ear and 28 (70%) subjects had hearing loss in left ear, based on PTA1. Based on PTA2, 37(92.5%) and 36(90%) subject had hearing loss in right and left ear respectively. All the subjects (100%) in the RA group had hearing loss at PTA3 for both ears. The results of PTA1 revealed that 24 out of 32 had a mild degree of hearing loss in right ear and 18 out of 28 had a mild degree of hearing loss in left ear. A moderate degree of hearing loss was present in 5 and 8 subjects in right and left ear respectively. 3 subjects had severe degree of hearing loss in right ear and 2 had hearing loss in left ear.

The majority of the subjects had SN hearing loss (92.5%) except three cases (7.5%) that reported CHL, based on the bone conduction thresholds and air bone gap. Statistical analysis was carried out to compare the pure tone thresholds between the RA and control group using Student’s t- test. (Figure 1 and Table 1) show the comparison between control and the RA Group on PTA. Results revealed a statistically significant (p<0.001) difference between the two groups for all the conventional as well as extended high frequencies.


Table 1: Comparison between RA and control group for pure tone audiometry (***p < 0.001).
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Figure 1: Comparison between the RA group and control group on Pure Tone Audiometry.




Table 2: Comparison between RA Group and Control Group on Auditory Brainstem Response testing.
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*p < 0.05; **p < 0.01; ***p < 0.001

Tympanometry

Normal functioning middle ears revealed by Type A tympanograms were obtained for 36 (90%) and 37 (92.5%) for the right and left ear respectively. Similar findings were obtained for all subjects in the control group with a Type A tympanogram suggestive of normal middle ear statuses. Type B tympanogram was present in three subjects suggesting middle ear pathology and one subject had type C tympanogram in both ears indicative of negative middle ear pressure/ Eustachian tube dysfunction.

Stapedial Reflex Test

Ipsilateral acoustic reflexes were absent in 31(77.5%) subjects and present in 9(22.5%) subjects with RA. Contralateral acoustic reflexes were absent in 35(87.5%) and present in 5(12.5%) subjects with RA. For the control group, ipsilateral and contralateral reflexes were absent in 3(7.5%) subjects.

Otoacoustic Emissions

In the RA group, TEOAE were absent/reduced amplitude in 29 (72.5%) subjects in right ear and 27(67.5%) subjects in left ear. No subjects in the control group had absent TEOAE [20-24].

Auditory Brainstem Responses

In the RA group wave I-III interpeak latency delay was seen in 7(17.5%) subjects and 4(10%) subjects in right and left ear respectively. In the control group, none of the subjects had wave I-III interpeak latency delay. Wave III-V interpeak latency delay was not observed in any of the subjects in both study and control groups. However, Wave I-V interpeak latency delay was present in 3 (7.5%) and 2 (5%) subjects of the study group in right and left ear respectively. None of the subjects in the control group had Wave I-V interpeak latency delay. Comparisons of the absolute latencies and IPL difference for the Wave I, III and V for both groups were performed using the Student’s t-test. Table 2 shows the comparison of absolute latencies and IPL difference on ABR testing between RA and control group using Independent Student’s t-test.

A highly statistically significant difference was observed between the RA and control group for the absolute latency of wave I, III(p < 0.01; ***p < 0.001) and Wave V(*p < 0.05) of the left ear. However, no significant difference was seen between the two groups for interpeak latencies of I-III, III-V, and I-V. The results of blood investigations (Erythrocyte Sedimentation Rate (ESR)/Rheumatoid Factor (RF)/Antinuclear Antibody (ANA) were correlated with the audiological parameters using the Pearson correlation test. No statistically significant correlation was observed between ESR, ANA and any of the audiological parameters investigated. A significant correlation existed between the Rheumatoid factor (RF) and puretone thresholds. The results of the Pearson correlation test for RF and puretone thresholds have been presented in (Table 3).


Table 3: Correlation between Rheumatoid factor and Pure tone thresholds.
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RA: Rheumatoid Arthiritis; SD: Standard Deviation; PTA: Puretone Audiometry; RF: Rheumtoid Factor

Discussion

There is much inconclusive evidence that supports the involvement of peripheral or central auditory structures in rheumatoid arthritis. Several authors report a middle ear involvement associated with disease progression in rheumatoid arthritis [13,15,25-27], others suggest a sensory/ neural component related to hearing loss[11,12,15,16]. The confounding results lead us to carry out the present study with an aim to profile the audiological status of subjects with RA and compare the findings with the control group. The results of the present study reveal 80 % and 70 % subjects had hearing loss in the right and left ear respectively for the PTA1 (Average of 0.5 kHz, 1kHz, and 2kHz). The present study also revealed a significant high frequency hearing loss in both ears for the study group (100% subjects with hearing loss in both ears).

Several authors [13,17,21,22,28,29] have also reported similar findings wherein individuals with RA reported a higher degree of hearing loss compared to their age and gender matched controls. Treviño et al. [30] reported a high prevalence of sensory neural hearing loss in high and ultra high frequencies for subjects with rheumatoid arthritis. SNHL was reported in 94.02% patients in right ear and 95.73% in left ear for a frequency range of 10,000Hz to 16,000Hz. Dissolution of disk material at the synovial joint, proliferation and formation of extra articular tissues at the joint surfaces can be reasoned to the greater hearing thresholds at higher frequencies [15].

Similar to other autoimmune diseases, RA may also cause SNHL [11,12,14,23]. The etiology for SNHL in RA has been a subject of debate. In the present study, 37 subjects (92.5%) had SN type hearing loss in both ears. Some authors attribute the SN component to vasculitis or neuritis [15]; arteritis of the vasa nervorum of the auditory nerve [24-29]. The other cause for SN hearing loss could be drug induced ototoxicity. Heyworth et al. [23] reported that salicylate intake did not cause hearing loss and the same was confirmed in cases having hearing loss without any history of salicylate intake. However, in the present study, the effect of medication/drug otoxicity was not taken into consideration.

In the present study, majority of the subjects (90%) had normal tympanometric findings. The middle ear pressure and static compliance were within normal limits for all subjects, except for Type B tympanogram in three cases. Treviño et al. [30] have also reported Type A tympanograms using impedance audiometry for 88.90% and 91.46% subjects in right and left ears respectively. Contrary to the present findings, authors have reported abnormal tympanometric findings for the RA group with the majority of subjects having stiffness related pathology or ossicular chain discontinuity [13,24,25,27]. The use of a 226 Hz probe tone for impedance measurement can be the reason for disagreement with other studies. Whereas, most of the studies in the literature have evaluated middle ear function using multi frequency Tympanometry.

Stapedial reflex test was done to assess the stapedial muscle contraction reflex to high intensity stimulus. The findings in the present study suggest an absence of ipsilateral acoustic reflexes in 31(77.5%) and 3(7.5%) subjects of the RA and control groups respectively. Contralateral reflexes were absent for 35 (87.5%) and 3 (7.5%) subjects in the RA and control group respectively. The absence of acoustic reflexes could possibly be related to reduced sound energy reaching the cochlea, due to the presence of hearing loss. Hüttenbrink KB [31] has also reported similar findings and hypothesised that when pressure changes are induced, an altered functioning of the anvil and hammer in the ossicular chain leads to reduced protective mechanism of the middle ear muscles to elicit reflex.

The integrity of the cochlea was assessed using the OAE system. TEOAE’s were compared between the two groups. An absence/ reduction of TEOAE in 72.5% subjects in right ear and 67.5 % subjects in left ear were suggestive of a hair cell dysfunction in the RA group. An inner hair cell injury has been hypothesised as a probable site of lesion resulting in hearing loss in RA population [22]. Hearing loss in RA has also been correlated with disease progression. Öztürk et al. [15] reported increased hearing thresholds with SN hearing loss and reduced amplitude for TEOAE during the early stages of the disease. Salvinelli et al. [22] have suggested an inverse correlation between duration of disease and TEOAE amplitude. Their results suggest TEOAE as an easy and non invasive technique to stage disease progression.

Auditory Brainstem responses were recorded for both the groups using standard measurement protocol for adults at 90 dB nHL and 70 dB nHL. The results of the present study revealed a I-III interpeak latency prolongation in 7(17.5%) and 4 (10%) subjects for right and left ears respectively. A prolongation in I-V interpeak latency was also obtained for 3 (7.5%) and 2 (5%) subjects with RA in the right and left ear respectively, though a statistically significant difference was not obtained between the two groups. The results of the present study suggest that the site of lesion may also involve the lower brainstem.

Though there is limited research documenting the effect of RA on the functioning of the central auditory pathway, few authors have reported prolongation of wave I, III and V and IPL delay at high repetition rates for the RA group [27]. Murdin et al. [28] hypothesised that abnormal ABR findings with absent acoustic reflexes are suggestive of retrocochlear pathology. The present study also reported a correlation between the Rheumatoid Factor (RF) and the audiological parameters suggesting that an increase in disease progression positively correlated with increase in hearing threshold. A direct relationship between the admittance audiometry, RA factor, staging and activity of the disease with its progression has been reported [29]. However, the staging and disease activity was not taken into account in the present study.

Conclusion

The results of the present study indicate that extra articular manifestations in RA are hearing loss and middle ear muscle reflex abnormality. The central auditory mechanisms can also be affected as revealed by the abnormal ABR findings. Hence, both the peripheral and central auditory mechanisms can be altered in RA. Although these results are in coherence with other research findings, the study also presents with certain limitations: Firstly, the effect of disease progression has not been monitored for the study group. Secondly, limited tests have been administered to study retro cochlear involvement in RA. Future research should be directed on studying the effect of disease progression on auditory evoked potentials to identify the site of lesion along the auditory pathway.
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