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ABSTRACT

We report the case of an adolescent with post-Vesdzere/profound sensorineural hearing loss,
occurring as a consequence of two bouts of pneuccatmeningitis at 12 and 32 months of age. A
possible immunodeficiency was investigated, rewgalhereditary complement C2 deficiency

(C2D). Given the insufficient benefit from high-pewhearing aids, the boy received a cochlear
implant (Cl) at age 12. Despite the long intervélpartial hearing deprivation and the post-

meningitic etiology, improvement in open-set spepelception and quality of life were observed.

The C2D did not favour post-operative infections m@ningitis recurrence. The risks and benefit

of Cl in this peculiar clinical circumstance arsalissed after reviewing the literature.

Key-words: cochlear implantation, adolescence, complementigefty, C2, immunological,
meningitis.



1. INTRODUCTION

Lack of complement factors, such as hereditary €fcigncy (C2D), affect the classical pathway
of complement activation. It is associated withra@ased susceptibility to invasive infections by
encapsulated bacteria, such as Streptococcus Pn&aeremd Haemophilus Influenzae type B. [1]
In particular, the risk of meningitis with possitdabsequent sensorineural hearing loss (SNBIL
increased. [2-8]

The CI itself has been also associated with areas®d risk of pneumococcal meningitis, mainly in
patients with inner ear malformations. [9] Howeue ClI may be the only means to recover the
auditory function in post-meningitic patients wislevere to profound sensorineural hearing loss
(SNHL). The peri-operative infective risks in cas#eC2D should be carefully balanced in each
patient against the speech perception benefitseaffiey the CI.

We report the case of a boy affected by C2D formwtibe CI was initially contraindicated for the
increased risk of recurrent meningitis, and whocsssfully underwent it without complications,

many years after the diagnosis of hearing loss.



2. CASE REPORT

The patient was born in 1997 with normal hearinige Tirst episode of pneumococcal meningitis
occurred at 12 months and lasted 15 days. One nhateth bilateral severe SNHL was identified by
behavioural audiometry, absence of otoacoustic sams and stapedial reflexes, and
electrophysiological tests (auditory brainstem oeses with clicks and tone bursts). The baby
showed an hearing threshold of about 80 dB HL.eé8eihd more reliable behavioural responses
were obtained from the right ear. High-power heprids (HA) were immediately supplied and
verbo-acoustic training was started.

Speech perception outcomes with the hearing aide wufficiently satisfactory. The behavioural
pure-tone threshold average (PTA) reached 50 dBaktl the gain in free-field with HA was 32.5
dB HL; the boy slowly developed language skillshaligh not comparable to his age peer. At 24
months, the Production of Infant Scale Evaluatino@][ the Meaningful use of speech scale [11]
and the Infant-toddler Meaningful Auditory IntegratioBcales [12] scores were 100% and
MacArthur Communicative Development Inventory [¥&s at 75th percentile.

A second episode of pneumococcal meningo-enceghatiturred at 32 months of age; a negative
cerebrospinal fluid sample was obtained at an estage of the disease (on tHday from onset),
after prompt intravenous antibiotic treatmeio further clinical neurological deficits due to
menigitis were observed.

A search for possible risk factors for recurrenthingitis was then implemented. (Table 1)

Having excluded other etiopathogenetic causesonfrrent meningitis, a diagnosis of C2D was
finally established at 3 years of age, by perfogrartotal haemolytic activity assay (CH50) that
was greatly reduced: 125 U/ml, vs. normal serumesbf 1000 + 200 U/ml.

Genetic tests showed homozygosity for a deletiol2®fbase pairs in the C2 gene, located on
chromosome 6 at 6p21.3, responsible for the C2@B typl4] Given the clinical characteristics of
the disease, adequate prophylaxes and vaccinatemsperformed.

Further audiological evaluation (on February 208Bpwed a worsening of the bilateral severe



SNHL, especially in the left ear; and the positeféects of the rehabilitation with HA started to
weaken. Tympanograms were type A bilaterally, dapeaeflexes and otoacoustic emissions were
absent. Auditory brainstem responses (ABR) could @ elicited at the highest levels of
stimulation. The behavioural PTA at low and midélequencies in free-field with HA was no
better than 80 dB HL; the toddler did not reactldad sounds of higher frequencies. Word
recognition scores with age-appropriate materiah iolosed set (pictorial aid) at signal to noise
(SNR) +10 dB dropped to 25%.

A Cl was offered at 3 years of age, but both themts and the Surgeon were concerned about the
risk of a new episode of meningitis. The parenteddor another consultation, where both the
other Surgeon and Anesthesiologists denied thd&ded on a supposed increased peri-operative
infectious complication risk. From an immunologiegwpoint, the risk of meningitis after Cl was
considered too unpredictable on repeated visitheatige of 5 and 7 years at different institutions.
HA use and oral rehabilitation were continued utthe next 5 years, the family discontinued any
medical control since they felt discouraged andehegs.

When the boy was 12 years old, he was again reféoreur institution by his Family Paediatrician
for an audiological evaluation because his relaiioand communicative performances were
inadequate for his age and the parents reportesrsewing of school performances: he was unable
to follow the lessons unless the teachers werendabim o writing; the performance scores on
many topics (mathematics, physics, Italian and Bhglanguage, history and geography), were
insufficient. A severe lack of oral language prcittbn and multiple phonetic difficulties were
assessed. He tended to discontinue the use okhring aids during the day, owing to subjective
insufficient benefit Actually his audiogram showed hearing residualstlom low frequencies.
(Figure 1) The speech understanding and communication diffesilprogressively isolated him
from his peersThe child appeared emotionally fragile, switchingni a depressive mood; his
social participation was almost null. The outcoraethe audiological workup were unchanged: the

boy’'s speech perception abilities were null withbptreading; only by visual aid he was able to
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correctly identify 58% of vowel-consonant-vowel atudrecognize 41% of bisyllabic words and

80% of short sentences in an open set. (Table B)BMlieve that the reported difficulties were

attributable to the more demanding listening emment of the middle school.

High-resolution computed tomography and magnesomance imaging excluded central nervous
system pathologies and assessed a normal patenthe afochlear lumen. Neuropsychological

examination did not reveal neurological lesionglsiorders concerning intelligence and cognitive

abilities, in spite of having suffered from menimgji [15]

post-meningitic—etiology—of deafness; neverthelédter repeated counselling;—they both parents

and the boy showed a strong motivation, normal Ipsyacial attitude and a positive familial
relationship and reciprocal support. All family migers, including the boy himself, signed a
specifically designed informed consent to the oj@na

At the light of new relevant knowledge about C205,[1.7] and after a new multidisciplinary
evaluation, Cl was considered feasible, provided the 1gG and IgG subclass levels were normal
and that protective levels of antibodies againseupmococci, Haemophilus Influentiae and
Meningococci were achieved by re-vaccinationt tes immediately accomplished.

On November 2011, an MXM Digisonic SP cochlear ampl was inserted in the left ear.
Prophylaxis with a daily dose of 2 g Ceftriaxonesvaministered immediately before and after
surgery, and continued for 10 days. No cochleaificg8on or fibrous obstruction were observed
during the surgical procedure, which did not présamy complication; a full insertion of the
electrode array into the scala tympani was achieVhd postoperative course was uneventful, and
the patient was discharged in good health 2 dags afirgery. At the first postoperative control, 4
weeks after surgery, the wound had healed well, randigns of flap infection or necrosis were
present. To date, after a follow-up of 5 yearslawal or systemic complications have occurred.
Post-operative speech tests results at 12, 18,nd448 months are reported in Table Il and

compared to the pre-operative scores.



All tests were initially performed in quiet, in aund booth, with and without lip-reading, and then
repeated with a masking noise [cocktail party] atgmal-to-noise ratio [SNR] of +10 dB HL. The
hearing aid in the right ear was removed duringrtgs

Although the benefits seemed limited during thetfiyear after the implantation (Table Il) in the
long run the kid’s speech perception skills startedroving: at 18 months he was able to identify
without the visual support 90% of the words in aseld set, whereas only 20% of the words and
10% of sentences in an open set. He still expesigceat difficulties in a noisy environment, but
his lip-reading aptitudes helped him a lot: in @@ set he could correctly repeat 90% of the words
and 100% of the sentences by watching the speaker.

The performances steadily increased thereafte@ géars post-operatively the WRS and SRS
without lip-reading reached 40% and 20%, respelstipehile in noise they were still close to
zero); with the help of lip-reading he scored hbetit@n 90% in all tasks, except in the presence of
masking noise.

Four years after surgery he had achieved a fudigeificant improvement: without lip-reading he
could identify 42% of VCV and 100% of words in a$td set; in an open set he was able to
correctly state 60% of words and 22% of sentendéth the support of lip-reading he reached a
score of 100% in all tasks. The perfomances stipded when a masking noise was added.

The CI data logging system currently indicates thatboy is using his implant for an average of 11
hours and 42 minutes per day; thus, he can bedmnesi a “good user” [18] and has drastically
enriched his quality of life: he reported a subjecbenefit of 8 in a 10-points visual analogudeca
[VAS], compared to a score of 1 in the pre-opemtgsessment.

Spatial and Qualities scale (SSQ) [19] used fojexlive evaluation of hearing score increased to
376 with Cl (compared to the previous score of Wh hearing aids), 48 months after activation

with the best improvement in the speech scale.



3. DISCUSSION

C2D is a rare and often underdiagnosed conditioorgmprimary immunodeficiencies: its
estimated prevalence is 1:20,000 in Caucasiang. [20

Two main variants of C2D have been distinguishe2D G/pe | is characterized by the absence of
detectable C2 synthesis; Cpell is caused by a selective block of C2 secretioh]. [2

Some patients with C2D type | or Il remain asympatio) but it is estimated that 40% develop
autoimmune disease and 50% develop recurrent iofegtpredominantly caused by encapsulated
bacteria (Streptococcus Pneumoniae, Haemophilliselitfae and Neisseria Meningitidis). These
infections have a tendency to produce severe coatjns like meningitis or septicaemia in a
significant proportion of C2D patients. [3] Patienwith C2D who submitted to general surgical
procedures showed post-operative complicationd) aacsepticaemia or site infections. [22] On the
other hand, the rejection rate of the implantatocdndevices or alloplastic materials in C2D is
reported to be equal to normal subjects. [23-26faksas we know, up to date there are no reports
on the outcomes or post-operative complicationsoohlear implants in C2D patients.

A complement deficiency might hinder the body’slibito counteract a possible post-operative
infection, despite adequate antibiotic coveringe Tonsequences would be catastrophic: not only
the implant should be removed but the infectionld@pread to adjacent soft tissues and even to
distant sites, leading to a dreadful generalizgdicsyndrome, which could endanger the patient’s
own life. Most Surgeons and Anesthesiologist wadhlerefore be reluctant to perform a non-life-
saving procedure, as it happened with our youndidate to a CI.

When exploring the risk of CI complications in atheamunodeficiency diseases, only cases of
HIV seropositivity are reported to benefit from Without increased surgical risk. [27] and a case of
x-linked agammaglobulinemia who failed the CI, sirtbe occurrence of post-operative repeated
infectious complications nonetheless the immunagliabreplacement treatment conducted to the
decision of explanting the CI. [28] Since the infewss reported in persons with with hypo- or

dysgammaglobulinemias include those with encapsdilaétcteria and has a similar spectrum of



infections seen in a complete deficiencies of i@monents of the classical pathway (Clg/r/s, C4,
and C2), there were no evidence in the literatuppsrting the choice of performing a ClI.

In agreement with other C2D studies, [16] a mutglinary evaluation of the risks related with ClI
surgery was mandatory for our young patient wittDC#he procedure was finally considered
feasible and safe, considering that the IgG anddgk&lasses levels were within normal limits and
the serum antibodies against Pneumococci, Hemaphilfluenzae and Meningococci were
adequate. As a preventive measure, revaccinatidneumococcus and to Meningococcus was
achieved, in agreement with Jonsson et al (2012). [

Additional perplexities on the indication to the @l the reported boy derived from his clinical
history: the post-meningitic nature of deafness thrediong period of partial hearing deprivation (9
years).

The first issue was the feasibility of the Cl atglaxpected outcomes—even-if-the-imaging-assessed
a-patent-cochleartumen, our personal experienttepaist-meningitic Cl was not too encouraging:
in 2 out of other 11 operated children [unpublishradterial] the insertion of the array was
incomplete; even after full insertion the speectcggtion abilities did not exceed an average 65%
WRS at 1 year post-implantation; in all cases pkome the post-meningitic Cl recipients never
equalled their peers with other etiologies of deafy even in the long term follow-up. This is a
well-known phenomenon, related with the reducedigal rate of spiral ganglion cells in post-
meningitic cochleas. [28-30] The personal expeeenith Cls after long-term deprivation was also
quite disappointing: in agreement with the literat31-33], none of our pre-verbal children
receiving a Cl after 10 years of age ever equdhedspeech perception performances of earlier Cl
recipients (below 3 years of age at surgery).

Against the odds, our patient significantly beregfittrom the CI. the words identification in a
closed set improved from null with the HA to 90%wihe CI at 24 months after its activation; the

words recognition score in an open set grew fram 40% in quiet.



After 4 years he exploited better his good lip-regdability, but he still experienced difficulty in
understanding speech in a noisy environment. Stilgescoring of hearing disability decreased
significantly with ongoing ClI use.

Despite the Cl outcomes in our young patient renh@wer than those of peers implanted at an
earlier age, his overall quality of life was grgaginhanced by the CI, including school learning,
emotional stabilization and socialization.

No complications ensued following surgery and tbeng boy is regularly using his device in an
efficient and rewarding manner at more than 4 ya#ties implantation.

After multiple conflicting otological consultationgarning about the surgical risks, that delayed the
decision, the Pediatrician’s advice was cruciainiciting a cost-benefit evaluation of the CI long

after the “sensitive period” for language acquisit{(0-3 years of age).



4. CONCLUSIONS

Provided the necessary precautions are taken im sawle case, i.e. full immunological
assessment, re-vaccination against Pneumococamaéfdelus |. and Meningococci, and prolonged
post-operative antibiotic prophylaxis, patientshwiicreased infectious risk owing to C2D need not
be excluded from CI with its undisputable beneflise reluctance to undergo surgery is frequently
due to inadequate information regarding the ewfitthe risks.

The positive outcome of this case suggests thdtsh@uld not be denied to any C2D patient per se,
but adequate counselling should be provided, as#t analysis should be performed by
multidisciplinay approach in a timely manner in@rdlo avoid undesired delays.

Furthermore, this case highlights the role of patidians in the parents’ counselling providing

effective information about the disease.
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Table I. Results from basal serum immunological analys8syaars of age.

Value Normal range
Total IgG (mg/dL) 934 462-1710
IgG1 (mg/dL) 714 310-1050
IgG2 (mg/dL) 67 41-245
IgG3 (mg/dL) 26 9-69
IgA (mg/dL) 71 27-173
IgM (mg/dL) 161 62-257
Lymphocytes, CD3+ (%) 71 56-86
Lymphocytes, CD4+ (%) 54 32- 64
Lymphocytes, CD8+ (%) 20 13-37
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Table IlI. Results from speech test before and after CI.

Post-implantation
Pre- CI |1year molr?ths 2years | 4years
VCV 0% 18% 28% 42% 42%
WIS 0% 60% 90% 100% | 100%
WIS in noise[SNR +10] 0%| 40% 50% 75% /| 80%
Wi:gggitn'gp' WRS 0%| 0%| 20%| 40%| 60%
WRS in noisgSNR +10] 0% 0% 0% 0% 40%
SRS 0% 6% 10% 22% 22%
SRS in NOiSgSNR +10] 0% 2% 6% 6% 6%
VCV 58% 63% 65% 70%| 100%
WIS 45% 90% | 100% 100%| 100%
WIS in noise [SNR +10] 0%| 60% 70% 90% | 100%
With lip-  |WRS 41%| 82%| 90%| 100%| 100%
reading
WRS in noise [SNR +10] 0% 0% 25% 45%| 60%
SRS 60%| 100%| 100% 100%| 100%
SRS in noise [SNR +10] 0%| 20% 55% 60% | 85%

VCV - Vowel-consonant- vowel identification (in closed)sen quiet
WIS - Bisyllabic words identification scores (iroskd-set), in quiet
WRS - Bisyllabic words recognitiostores(in open-set), in quiet

SRS - Recognition scores for short sentences @n-gpt), in quiet

12



Acknowledgements:

The authors are grateful to the patient’s famibyDt. Cristina Di Berardino, MD, General
Pediatrician, to Francesca Tel, MD Pediatriciad &nProf. Umberto Ambrosetti, for their clinical
advice, to Cinzia Indini, Sara Cavicchiolo and ldaea Todini, Speech Therapists, for patient’s

testing and rehabilitation.

CONSENT
Written informed consent was obtained from thegatand the parents for publication of this case

report and any accompanying tables. A copy of thi&em consent is available for review by the

Editor-in-Chief of this journal.

LIST OF ABBREVIATIONS
C2D - hereditary C2 deficiengl - cochlear implant; HA — hearing aids; SNHL nserineural
hearing loss; csf — cerebro-spinal fluid, .

COMPETING INTEREST
The authors declare no competing interest, findiociaot.

Funding Source: no funding was secured for thidystu

Financial Disclosure: The authors report no finahiiterest in the subject matter, no
actual/potential conflict of interest. Authors haw@relationship with commercial companies.
Conflict of Interest: There is no conflict of inést, such as a paid consultancy, stock ownership or
other equity interest, or patent-licensing agreds)dar all the authors.

AUTHOR’S CONTRIBUTIONS
FDB has followed directly this case report and witbie article

LT supported the decision of proposing ClI in thek @nalysis, due to his exerpertice on C2D.
DZ wrote, supervised and reviewed the article.

13



5. REFERENCES
[1] Skattum L, van Deuren M, van der Poll T, Trusas L; Complement deficiency states and

associated infections. Mol Immunol. 48 (2011) 184655.

[2] Gaschignard J, Levy C, Chrabieh M, Boisson BsBBru C, Dauger S, Dubos F, Durand P,
Gaudelus J, Gendrel D, Gras Le Guen C, Grimprébigjon G, Jeudy C, Jeziorski E, Leclerc F,
Léger PL, Lesage F, Lorrot M, Pellier I, Pinquierde Pontual L, Sachs P, Thomas C, Tissieres P,
Valla FV, Desprez P, Frémeaux-Bacchi V, Varon Es®yt X, Cohen R, Abel L, Casanova JL,
Puel A, Picard C. Invasive pneumococcal disease clmidren can reveal a primary

immunodeficiency. Clin Infect Dis. 59(2014) 244-251

[3] Litzman J, Freiberger T, Bartonkova D, VIkova NMhon V, Lokaj J. Early manifestation and
recognition of C2 complement deficiency in the foofpyogenic infection in infancy. J Paediatr

Child Health. 39 (2003) 274-277.

[4] McCann WA, Frank MM, Cox F, Ownby DR. Haemoplfsilinfluenzae type b meningitis in a

fully immunized 2-year-old. Ann Allergy Asthma Immal. 88 (2002) 551-555.

[5] Louaib D, Nathanson M, Lachassinne E, Huault Mjyller MH, Sauvion S, Gaudelus J,
Perelman R. Homozygote CB deficiency revealed byment Neisseria meningitidis infections in

an adolescent. Arch Pediatr. 1(1994) 908-912.

[6] Sheikh J, Bastian JF, Wilson NW. Recurrent baat meningitis in a 22-month-old boy. Ann

Allergy. 73 (1994) 101-104.

[7] Monfort-Gouraud M, Le Gall MA, Nicot F, Badoual. C2 deficiency discovered in

14



pneumococcal meningitis. Arch Fr Pediatr. 50 (1953)-141.

[8] Rasmussen JM, Brandslund I, Teisner B, Isages\¢hag SE, Maarup L, Willumsen L, Rgnne-
Rasmussen JO, Permin H, Andersen PL, et al. Sagém complement deficiencies in unselected

patients with meningitis. Clin Exp Immunol 68 (198B7-445.

[9] Rubin LG, Papsin B; Committee on Infectious €ises and Section on Otolaryngology-Head
and Neck Surgery. Cochlear implants in childrenrgmal site infections and prevention and

treatment of acute otitis media and meningitis.if&eds. 126 (2010) 381-391.

[10] Cuda D, Guerzoni L, Mariani V, Murri A, BiascticG, Fabrizi E. Production of infant scale
evaluation (PRISE) in Italian normal hearing cleldr a validation study. Int J Pediatr

Otorhinolaryngol. 77 (2013) 1969-74.

[11] Robbins A. Niparko J. Cochlear implants: piples and practices. Philadelphia: Lippincott

Williams & Wilkins; 2000. Rehabilitation after colgar implantation.

[12] Zimmerman-Phillips, S., Robbins, A. M., & Osber, M. J. Assessing cochlear implant
benefit in very young children. The Annals of Otpo Rhinology & Laryngology Supplement 109

(2000) 42-43.

[13] Fenson L, Dale PS, Reznick JS, Bates E, Tl Pethick SJ. Variability in early

communicative development. Monogr Soc Res Child.5&1994) 1-173.

[14] De Angelis C., Baselli L.A., Raimondi M., Defliane R.M., Pietrogrande M.C. Deficit di C2:

differente outcome in due fratelli con diagnosiqaee e tardiva. Italian Journal of Genetic and

15



Pediatric Immunology 4 (2012) 16.

[15] Anderson V, Anderson P, +Grimwood K, Nolan Qognitive and Executive Function 12
Years after Childhood Bacterial Meningitis: EffeftAcute Neurologic Complications and Age of

Onset. Journal of Pediatric Psychology 29 (200438a7

[16] Alper CA, Xu J, Cosmopoulos K, Dolinski B, 8teR, Uko G, Larsen CE, Dubey DP,Densen
P, Truedsson L, Sturfelt G, Sjoholm AG. Immunogliabudleficiencies and susceptibility to
infection among homozygotes and heterozygotes déficiency. J Clin Immunol. 23 (2003);

297-305.

[17] JOonsson G, Lood C, Gullstrand B, Holmstrom $glander B, Braconier JH, Sturfelt G,
Bengtsson AA, Truedsson L. Vaccination against paglated bacteria in hereditary C2 deficiency
results in antibody response and opsonization dugntibody-dependent complement activation.

Clin Immunol. 144 (2012) 214-227.

[18] Fraysse B, Dillier N, Klenzner T, et al. Coeat implants for adults obtaining marginal benefit

from acoustic amplification: a European study. A@tdl 19 (1998) 591-597.

[19] Gatehouse S, Noble W. The speech, spatialqaiatities of hearing scale (SSQ). Int J Audiol

2004,;43:85-99.

[20] Pickering MC, Botto M, Taylor PR, Lachmann PWalport MJ. Systemic lupus

erythematosus, complement deficiency, and apoptaddis Immunol 76 (2000) 227.

[21] Jbnsson G, Truedsson L, Sturfelt G, Oxelius, \Bhaconier JH, Sjoholm AG. Hereditary C2

16



deficiency in Sweden: frequent occurrence of inv@snfection, atherosclerosis, and rheumatic

disease. Medicine (Baltimore). 84 (2005) 23-34.

[22] Zeitz HJ, Gewurz A, Jonasson O, Geis WP, GewiirRenal transplantation in a patient with
hereditary deficiency of the second component ofi@ement. Clin Exp Immunol. 46 (1981) 420-

424,

[23] Anderson, James M., Analiz Rodriguez, and Bavi Chang. “FOREIGN BODY REACTION

TO BIOMATERIALS.” Seminars in immunology 20.2 (20086—100. PMC. Web. 3 Aug. 2016.

[24] Tang L, Lucas AH, Eaton JW. Inflammatory respes to implanted polymeric biomaterials:

role of surface-adsorbed immunoglobulin G. J Lain ®ed. 122 (1993) 292-300.

[25] Nilsson B, Ekdahl KN, Mollnes TE, Lambris JDhe role of complement in biomaterial-
induced

inflammation. Mol Immunol 44 (2007) 82-94.

[26] Gorbet MB, Sefton MV. Biomaterial-associatbdambosis: roles of coagulation factors,

complement, platelets and leukocytes. Biomate#al§2004) 5681-5703.

[27] Vincenti V, Pasanisi E, Bacciu A, Giordano Di Lella F, Guida M, Bacciu S. Cochlear
implantation in a human immunodeficiency virus-otézl patient. Laryngoscope. 115 (2005) 1079-

1081.

[27] Minoda R, Takahashi H, Miyamaru S, Masuda Mwil T, Sanuki T, Hirai T, Yumoto E. A

postmeningitic cochlear implant patient who wastgosratively diagnosed as having X-linked

17



agammaglobulinemia. Auris Nasus Larynx. 39 (20138-80.

[28] Francis HW, Pulsifer MB, Chinnici J, Nut R.e¥ick HS, Yeagle JD, Nipark JK. Effects of
Central Nervous System Residua on Cochlear ImRasults in Children Deafened by Meningitis.

Arch Otolaryngol Head Neck Surg. 130 (2004) 604-611

[29] Philippon D, Bergeron F, Ferron P, Bussie RsCochlear Implantation in Postmeningitic

Deafness Otol Neurotol. 31 (2010) 83-87.

[30] Roukema BY, Van Loon MC, Smits C, Smit CF, @dg ST, Merkus P, Hensen EF. Cochlear
Implantation after Bacterial Meningitis in Infant®unger Than 9 Months. International Journal of

Otolaryngology 9 (2011), Article ID 845879, httpix/doi.org/10.1155/2011/845879

[31] Hancock KE, Chung Y, Delgutte B. Congenitaldaprolonged adult-onset deafness cause
distinct degradations in neural ITD coding with atdral cochlear implants. J Assoc Res
Otolaryngol. 14 (2013) 393-411.

[32] Lammers MJ, Versnel H, van Zanten GA, GrolnvsnAltered cortical activity in prelingually
deafened cochlear implant users following long qusi of auditory deprivation. J Assoc Res

Otolaryngol. 16 (2015) 159-70.

[33] Patel TR, Shahin AJ, Bhat J, Welling DB, MdlgekC. Cortical Auditory Evoked Potentials
to Evaluate Cochlear Implant Candidacy in an EahWong-standing Hearing Loss: A Case
Report. Ann Otol Rhinol Laryngol. 2016 Jun 29. pi203489416656647. [Epub ahead of print]

PubMed PMID: 27357975.

18



ACCEPTED MANUSCRIPT

2 o2 r8 9 R3S RBE EEEH
g
1t
s
) 17§
S -1
£ .12
[<]
g I
e
£ g
$ =8 82 Y82 3FKERBFECZER




