Impact of Cochlear Implantation on Vestibular Function
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Objective: To determine the impact of cochlear implantation (CI) on the vestibular function.
Methodology: Prospective cohort study done on twenty seven adult patients before and after CI. Vestibular function was assessed using clinical vestibular examination, caloric video-nystagmography (VNG), vestibular-evoked myogenic potentials (VEMP), sensory organization test of computerized dynamic posturography (S0T-CDP) and Dizziness Handicap Inventory (DHI).    

Results: 27 adult CI candidates were tested one week before and eight weeks after CI. In caloric test, new hypo-reflexia was found in three subjects and areflexia in another three subjects ipsilateral to the implanted ear. VEMP showed either a disappearance of response or an increase in threshold by >10dB in 15 ears postoperatively. SOT of CDP showed abnormal response in condition 6 only in two subjects.  DHI scores worsened in five patients.

Conclusions: It is important to do vestibular function tests before CI to educate CI candidates about possible risk to balance function. Also, to think more and more before doing CI on only balancing ear.
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1. Introduction:

     The risk provided by cochlear implantation (CI) to the vestibular system remains unclear. Transient acute dizziness is common after CI, but the incidence of long-term disability due to vestibular dysfunction after unilateral CI appears to be low [1]
     Acute loss of bilateral vestibular function can cause significant disability due to VOR failure, postural instability, and chronic disequilibrium [2]. Carey & Della 2005 reported that with the increasing popularity of simultaneous bilateral and second-ear CI, understanding the risk of iatrogenic vestibular hypo-function is becoming more urgent [3].
    Balance is maintained by the integration of orientation of information from visual, vestibular and somatosensory inputs. These three senses provide redundant information about the orientation of the body relative to gravity and support surface [4].  
      This prospective study quantified semi circular canals, saccular end-organ function, as well as whole system function, before and after CI. These tests were complemented by patients’ self-reported level of dizziness-related disability. The authors sought to measure the prevalence of vestibular hypofunction in a cohort of CI candidates, quantify the risk of labyrinthine injury due to CI, and offer an evidence-based approach to vestibular assessment and counseling of CI candidates.

2. Materials and methods:

2.1. Subjects:

Informed consent was obtained from all participants. The study was approved by Ethics Committee of Sohag Medical University
Twenty- seven adult CI candidates, they were fifteen males and twelve females (mean age = 48 + 7.3, age range = 36 to 61 years old) were recruited from Sohag health insurance and Audiology Unit of Sohag University Hospital. All twenty seven candidates underwent unilateral CI for the first time. All subjects underwent the whole test battery (caloric VNG, VEMP, SOT of CDP & DHI) one week before and eight weeks after implantation.

2.2. Surgery:

    Extended end-aural or post auricular incision, elevation of periosteal flap followed by cortical mastoidectomy, drilling of implant bed inside skull, posterior tympanotomy. Round widow approach cochleostomy, where cochleostomy was made antero-superior to the round window niche. Each implanted electrode was reported to have reached full insertion in a single pass without any resistance or complication. Standard electrodes were used in all cases. The type of implant used in our study was Sonata Med-El.

2.3. Vestibular Testing:

2.3.1. Caloric test protocol: 

       Using ICS Charte
r model, NCI- 480. Slow-phase eye movements were recorded using camera to detect eye movements directly. Eye movements were recorded while external auditory canals were alternately irrigated with warm (44° C) water for 20 seconds, then, after a recovery period, cool (30 °C) for 20 seconds, with subject positioned supine and head tilted up 60° in order to make the lateral canals approximately vertical. During this time, the subject was asked to carry on a mental distraction task, as counting backwards.

2.3.2. VEMP protocol: 

Recording were performed using a Synapsis evoked potential instrument. Active electrodes placed over junction of the upper and middle thirds of the SCM muscles, reference over the clavicular heads and the ground over the manubrium.

Stimulus: clicks were delivered through headphones at 95 dB nHL with duration of 0.1 ms were repetitively presented to each ear at a stimulation rate of 5 Hz for 25 seconds. 

The subject turned the head to the contralateral side, thereby tensing the ipsilateral SCM muscle. Myogenic potentials from the SCM were amplified, band pass filtered (20 Hz to 2 kHz) and averaged for 125 presentations. The responses evoked in the neck EMG were averaged and presented as a VEMP. The VEMP threshold was defined as the minimum stimulus intensity for which a VEMP response was detected.

2.3.3. SOT protocol:

    Using Neuro-Com computairized dynamic posturography (CDP). Each subject perform the whole 6 conditions of SOT test (eye open with fixed reference and fixed platform, eye closed with fixed reference and fixed platform, eye open with moving reference and fixed platform, eye open with fixed reference and moving platform, eye closed with fixed reference and moving platform and eye open with moving reference and moving platform). Each condition repeated three times to improve the reliability of the resulting measures. Equilibrium Score quantifying the overall stability of the subject are calculated for each trial. The equilibrium score is a non-dimensional percentage which compares the patient peak amplitude of antero-posterior (AP) sway to the theoretical AP limits of stability (LOS). Equilibrium scores near 100% indicate little sway, while scores approaching 0 indicate that the sway is nearing the LOS. The composite equilibrium score characterizes the patient's overall level of SOT performance. 

2.3.4.: Dizziness Handicap Inventory:

Finally, patients completed the Jacobsen Dizziness Handicap Inventory (See the Appendix).

3. Results:

I) Caloric test:

- Pre-operative data (one week before CI surgery):

Absent caloric response (a-reflexia) was found in five cases, two patient were post-meningitis and three other patients had sudden idiopathic bilateral hearing loss. Three patients had unilateral hyporeflexia in the ears where CI was done. Caloric test was normal in the remaining nineteen cases.

- Post-operative (eight weeks after CI surgery):

The five cases with pre-operative absent caloric response remain the same. One of the patients who had unilateral hypo-reflexia developed a-reflexia after CI surgery. The remaining nineteen patients with normal bilateral caloric response pre-operative, a-reflexia was measured ipsilateraly to the implanted ear in three patient in addition to hypo-reflexia was measured ipsilateraly to the implanted ear in other three patients.

Table (1): number and percentage  of patients' response  in caloric testing.  
	Patients
	Pre-operative
	Post-operative

	
	NO
	%
	NO
	%

	Bilateral a-reflexia
	5
	18.5
	5
	18.5

	Unilateral a-reflexia
	0
	0%
	4
	14.8

	Unilateral hypo-reflexia
	3
	11.1
	5
	18.5

	Normal caloric response
	19
	70.4
	13
	48.2

	Total
	27
	100
	27
	100


II) VEMP:

- Pre-operative data: Absent VEMP response in seventeen ears out of fifty- four tested ears (31.5%). All ears, which have got response, 37 ears (68.5%) had threshold been within the range of 80 to 100 ndB HL.

- Post-operative data: fifteen ears ipsilateral to the CI had either disappearance of prior measured VEMP, 9 ears, or a more than 10 dB worsening, 6 ears, of VEMP threshold.   

Saccualr function was considered significantly reduced by CI when either a preoperatively present VEMP disappeared postoperatively or there was an increase in threshold more than 10 dB post operatively (5).  

III) SOT test of CDP:

SOT showed abnormal response in condition 6 only in two sbjets

Table (2): number and mean of patients' response in SOT:

	Patients
	Pre-operative
	Post-operative

	
	No.
	Mean
	No.
	Mean

	Normal
	19
	70.4
	17
	63.0

	Abnormal*
	8
	29.6
	10
	37.0


* Abnormal response was observed in conditions 5&6 or 6 only 

Table (3): number and mean in patients with abnormal SOT response:

	Condition
	Pre-operative
	Post-operative

	
	No.
	Mean
	No.
	Mean

	5 &6
	6
	22.2
	6
	22.2

	6
	2
	7.4
	4
	14.8


IV) DHI:

A change of total DHI score by >6 points after implantation was considered significant (6). Five patients had increase (worsening) in their self-perceived dizziness-related handicap as quantified by DHI score. No any patients had decreases in his self perceived dizziness related handicap as quantified by DHI score.
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Figure 1:   Postoperative abnormal responses through different vestibular assessment tests.

Discussion:

      In 2009 Jacot et al. studied the prevalence of vestibular impairment in SNHL patients in a large population, 224 patients with profound SNHL. They found that 50 % had normal bilateral vestibular function, while 20 % had bilateral complete a-reflexia, 22.5 % had partial hypo-excitability and 7.5 % showed partial symmetrical hypo-excitability (7).

      The true incidence of injury secondary to unilateral CI surgery may be masked by central compensation of unilateral vestibular hypofunction in unilateral recipients. Redundancy of the two labyrinths and plasticity of the central nervous system create a fault-tolerant system (8), so that even after unilateral labyrinthectomy, most patients regain a nearly normal vestibulo-ocular reflex (VOR) for all head movements except quick rotations and translations toward the injured labyrinth.

Since very old study which was done by (Black 1977)(9), many other studies reported potential risk of the cochlear implant to interfere with the vestibular function (10,11,12)  
    In our study, all our participants underwent vestibular examinations one week before and eight weeks after CI. Vestibular evaluation before and after CI were done in that order to avoid exhaustion of the patients; DHI, VEMP, SOT of CDP and lastly Caloric test of VNG. All that investigations were done in the same day for each patient. 

9 patients experienced dizziness post operatively. Two of them experienced single, transient acute vertiginous attack occurring less than one day after CI surgery. The majority of patients, 7, experienced delayed episodic vertigo, one to seven weeks after CI. Delayed dizziness manifested as spontaneous, episodic or positional vertigo. We can suggest that dizziness was not related to surgical intervention in our study but it could result from chronic changes occurring in the inner ear.         

Caloric stimulus on VNG testing is roughly equivalent to a 0.001–0.01 Hz head rotation (for which horizontal SCC input contributes minimally to gaze stabilization in daily life).   Thus caloric test have not measured SCC sensation over the full frequency range of head movements for which it is essential to stabilize gaze and posture. 

 Of 54 ears that underwent caloric test both before and after implantation only six ears developed abnormalities, three patients with unilateral a-reflexia and three patients with unilateral hypo-reflexia all these abnormalities were ipsilateral to the implanted ears (Table 1). Our study is in good agreement with many previous studies which found that from 0 -43% of implanted ears exhibited a decrease in horizontal SCC function (12,13,14).     

      The test with the highest rate of apparent new onset postoperative vestibular hypofunction was the VEMP, which showed evidence of saccular injury in fifteen ears post operatively, 40.5%, of implanted ears with preoperative good VEMP function as shown in figure 1. A relatively high rate of saccular injury could be explained by the close proximity of the saccule to the cochlea. Histopathologic studies have revealed a high rate of saccular injury after cochlear implantation (15,16). Another explanation for saccular injury that occur after electrode insertion and packing of the cochleostomy with fascia alter the acoustic /hydrodynamic conduction of VEMP stimuli to the saccular neuroepithelium.
In many studies post operative adult VEMP testing reveled that up to 62.5 % of tested saccules suffered reduction in function (1,17)

Also, our study is in good agreement with study which was done by Thuy-Anh et al., 2010 on 35 adult CI candidates in which VEMP test showed either a disappearance of response or an increase in threshold by more than 10 dB in 5/16 ears (31.25 %)(18).         
      SOT of CDP showed abnormal response in only two patients (7.4%) post-operatively. The abnormal response observed in conditions 6 only which indicates preferential pattern of SOT test of CDP. This finding could be explained by post operative delay, 8 weeks, in re-evaluation of the patients postoperatively which give chance for central compensation in addition to the redundancy of information from visual, vestibular and somatosensory inputs. These three senses provide redundant information about the orientation of the body relative to gravity and support surface. Hence, ,vestibular deficit after CI appears to be low.
SOT of CDP substantially improved in one study (Buchman et al., 2004) but worsened in another (Brey et al. 1995) after CI (19, 20). 

      Dizziness handicap inventory was worsened from pre- to post operative CI in 5 (18.5%) of patients. In other studies DHI has shown a wide range of pre to post operative changes. It was from 0% to 32% of patients have significant increase in self perceived handicap (12,17).
Many factors could affect the observed results and should be considered when estimating the risk to a given future CI candidate. These include variations in operator experience and surgical techniques, CI electrode design, patient age, vestibular testing methods, and patient compliance with vestibular testing.

Conclusion, Because of the majority of CI candidates have vestibular deficit, and 40.5 % of implants induce modifications of existing vestibular function, each implant should be preceded by VEMP test to assure that the least functional vestibule is implanted. Also, pre-implant vestibular function tests provide baseline for follow up monitoring of subsequent losses and recovery.       
Recommendations:
1- Long – term follow up particularly for bilateral CI recipients.

2- Keep in mind benefit – risk ratio of bilateral CI, regarding understanding speech in background noise in addition to localization of sound versus possible risk on vestibular function.
3- Pre- implant vestibular function tests, particularly VEMP, should be done in every case.  

References:

1- Basta, D., Todt, I., Goepel, F. & Ernst, A.(2008): Loss of saccular function after cochlear implantation: the diagnostic impact of intracochlear electrically elicited vestibular evoked myogenic potentials. Audiol Neurootol. 13(3):187–92.

2- Minor, L. (1998): Gentamicin-induced bilateral vestibular hypofunction. JAMA. 18;279(7):541–4.

3- Carey, J. & Della Santina, C. (2005): Principles of applied vestibular physiology. In: Cummings C, editor. Cummings: Otolaryngology: Head & Neck Surgery. 4. Vol. 3. Philadelphia: Elsevier Mosby pp. 3115–59.

4- Shepard, N., Cole, N., Hyders, R.(1998): Enhancing sensitivity of the sensory organization test (SOT) with the head shake (HS-SOT). Recommendations for clinical application. Neurocom International, INC.

5- Taylor, R.,Bamiou, D., Luxon,t L., Davies, R.(2007):Clinical audit of vestibular evoked myogenic potentials (VEMP)on sternocleidomastoid muscle: determination of normal limits and test- retest variability for VEMP response parameters. Presented at the 7th annual British Society of Neuro-Otology conference; London, England.   

6- Jacobson, G., Newman, C., Hunter, L. & Balzer, G. (1991): Balance function test correlates of the Dizziness Handicap Inventory. J Am Acad Audiol. 2(4):253–60.

7- Jacot, E., Van Den Abbeele, T., Debre, H., Wiener- Vacher, S. (2009): Vestibular impairment pre- and post-cochlear implant in children. Int J Pediatr Otorhinolaryngol. 73:209-217.

8- Cremer, P., Halmagyi, G., ASew, S.(1998): Semicircular canal plane head impulses detect absent function of individual semicircular canals. Brain, 121:699-716. 

9- Black, F. (1977): Effect of the auditory prothesis on postural stability. Ann Otol Rhinol Laryngol., 86:141-164.

10- Ito, J. (1998): Influence of the multichannel cochlear implant on vestibular function. Otolaryngol Head Neck Surg., 118:900-902. 

11- Bouccara, D., Esteven, M., Loundon, N., Fraysse, B., Sterkers, O. (2005):Vestibuar dysfunction after cochlear implantation: a national multicnter clinical study. Rev Laryngol Otol Rhinol., 126:275-278. 

12- Enticott, J., Tari, S., Koh, S., Dowell, R. & O’Leary, S. (2006): Cochlear implant and vestibular function. Otol Neurotol. 27(6):824–30.]

13- Fina, M., Skinner, M., Goebel, J., Neely, J., Black, O.(2003):Vestibular dysfunction after cochlear implantation. Otol Neurotol., 24:234-242. 

14- Migliaccio, A., Della Santina, C., Carey, J., Niparko, J. & Minor, L. (2005): The vestibulo-ocular reflex response to head impulses rarely decreases after cochlear implantation. Otol Neurotol. 26:655–60.

15- Salvinnilli, M., Trivelli, M., Greco, F., Linthicum, FH. (1999): Cochlear implant. Histopathological guide to indications and contraindications: a post mortem study on temporal bones. Ear Rev Med Pharmacol Sci. 3(5):217–20.

16- Handzel, O., Burgess, B., Nadol, J.(2006): Histopathology of the peripheral vestibular system after cochlear implantation in the human. Otol Neurotolo., 27: 57-64.  

17- Todt, I., Basta, D. & Ernst, A. (2008): Does the surgical approach in cochlear implantation influence the occurrence of postoperative vertigo? Otolaryngol Head Neck Surg. 138(1):8–12.

18- Thuy-Anh, N., Melvin, M., Charles, C., John, P. & Americo, A. (2010): The effects of cochlear implantation on vestibular function. Otol Neurotol. 30(1): 87–94. 
19- Buchman, C., Joy, J., Hodges, A., Telischi, F. & Balkany, T. (2004): Vestibular effects of cochlear implantation. Laryngoscope. 114(10 Pt 2 Suppl 103):1–22.

20- Brey, R., Facner, G., Trine, M., et al. (1995): Vestibular effects associated with implantation of a multiple channel cochlear prothesis. Am J Otol. 16:424–30.

Appendix
Dizziness Handicap Inventory

Developed by Dr. G.P. Jacobson and Dr. C.W. Newman, 1990.

Top of Form

	1. Does looking up increase your problem?
	[image: image2.wmf] Yes [image: image3.wmf] Sometimes[image: image4.wmf] No

	2. Because of your problem, do you feel frustrated?
	[image: image5.wmf] Yes[image: image6.wmf] Sometimes [image: image7.wmf] No

	3. Because of your problem, do you restrict your travel for business or recreation?
	[image: image8.wmf] Yes[image: image9.wmf] Sometimes[image: image10.wmf] No

	4. Does walking down the aisle of a supermarket increase your problem?
	[image: image11.wmf] Yes[image: image12.wmf] Sometimes[image: image13.wmf] No

	5. Because of your problem, do you have difficulty getting into or out of bed?
	[image: image14.wmf] Yes[image: image15.wmf] Sometimes[image: image16.wmf] No

	6. Does your problem significantly restrict your participation in social activities such as going out to dinner ,going to movies, dancing, or to parties?
	[image: image17.wmf] Yes[image: image18.wmf] Sometimes[image: image19.wmf] No

	7. Because of your problem, do you have difficulty reading?
	[image: image20.wmf] Yes[image: image21.wmf] Sometimes[image: image22.wmf] No

	8. Does performing more ambitious activities like sports, dancing, household chores such as sweeping or putting dishes away increase your problem?
	[image: image23.wmf] Yes[image: image24.wmf] Sometimes[image: image25.wmf] No

	9. Because of your problem, are you afraid to leave your home without having some one accompany you?
	[image: image26.wmf] Yes[image: image27.wmf] Sometimes[image: image28.wmf] No

	10. Because of your problem, have you been embarrassed in front of others?
	[image: image29.wmf] Yes[image: image30.wmf] Sometimes[image: image31.wmf] No

	11. Do quick movements of your head increase your problem?
	[image: image32.wmf] Yes[image: image33.wmf] Sometimes[image: image34.wmf] No

	12. Because of your problem, do you avoid heights?
	[image: image35.wmf] Yes[image: image36.wmf] Sometimes[image: image37.wmf] No

	13. Does turning over in bed increase your problem?
	[image: image38.wmf] Yes[image: image39.wmf] Sometimes[image: image40.wmf] No

	14. Because of your problem, is it difficult for you to do strenuous housework or yardwork?
	[image: image41.wmf] Ye[image: image42.wmf] Sometimes[image: image43.wmf] No

	15. Because of your problem, are you afraid people may think you are intoxicated?
	[image: image44.wmf] Yes[image: image45.wmf] Sometimes[image: image46.wmf] No

	16. Because of your problem, is it difficult for you to walk by yourself?
	[image: image47.wmf] Yes[image: image48.wmf] Sometimes[image: image49.wmf] No

	17. Does walking down a sidewalk increase your problem?
	[image: image50.wmf] Yes[image: image51.wmf] Sometimes[image: image52.wmf] No

	18. Because of your problem, is it difficult for you to concentrate?
	[image: image53.wmf] Yes[image: image54.wmf] Sometimes[image: image55.wmf] No

	19. Because of your problem, is it difficult for you to walk around your house in the dark?
	[image: image56.wmf] Yes[image: image57.wmf] Sometimes[image: image58.wmf] No

	20. Because of your problem, are you afraid to stay home alone?
	[image: image59.wmf] Yes[image: image60.wmf] Sometimes[image: image61.wmf] No

	21. Because of your problem, do you feel handicapped?
	[image: image62.wmf] Yes[image: image63.wmf] Sometimes[image: image64.wmf] No

	22. Has your problem placed stress on your relationships with members of your family or friends?
	[image: image65.wmf] Yes[image: image66.wmf] Sometimes[image: image67.wmf] No

	23. Because of your problem, are you depressed?
	[image: image68.wmf] Yes[image: image69.wmf] Sometimes[image: image70.wmf] No

	24. Does your problem interfere with your job or household responsibilities?
	[image: image71.wmf] Yes[image: image72.wmf] Sometimes[image: image73.wmf] No

	25. Does bending over increase your problem?
	[image: image74.wmf] Yes[image: image75.wmf] Sometimes[image: image76.wmf] No


F score:……

E score:……..
            P score:……….Total:………………

(9 ITEMS)

(9 ITEMS)

(7 ITEMS)
    (25 ITEMS)
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