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Abstract

Objective: Determine the incidence of ear infections in cochlear implant patients, evaluate the
contribution of otitis media to complications, describe the bacteriology of otitis media in the
cochlear implant population, the treatment provided at our center, and the long term outcome.

Methods: Data collected included age at implantation, history of otitis media or ear tubes,
etiology of hearing loss, inner ear anatomy, postoperative infections, time to infection, route of
antibiotic administration, and interventions for infections. Categories of infection were acute otitis
media, otitis media with effusion, tube otorrhea, meningitis, scalp cellulitis, and infection at the
implant site.

Results: Middle ear infections were diagnosed in 37% of implanted ears. Extension of middle
ear infections into the implant site occurred in 2.8% of all implants (n = 16). Of the 16 infected
devices, 10 were successfully treated with antibiotic therapy and did not require explantation. The
retained implant group and explanted group both included some middle ear microbes such as
Haemophilus influenzae and Streptococcus pneumoniae, as well as skin flora such as
Staphylococcus aureus.

Conclusion: Otitis media in pediatric cochlear implant patients is a common event and usually
does not lead to complications of the cochlear implant. However, when the ear infection spreads to
the scalp and the implant site, it is still possible to eliminate the infection using antibiotic therapy,
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particularly when treatment is directed to the specific organism that is recovered from the infected
space and the duration and route of antibiotic treatment is carefully considered.
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Cochlear implant; Otitis media; Acute otitis media; Infectious complications; Tube otorrhea;
Meningitis

1. Introduction

Cochlear implantation (CI) has provided hearing to deaf children and the opportunity to
develop speech and language that is not possible with amplification alone [1-4]. The
importance of hearing at an early age is known to be critical for development of speech and
language; thus, cochlear implantation for congenitally deaf children is typically pursued at
an early age. Because infants are at higher risk of otitis media (OM), there has been concern
about the potential infectious complications of OM in young children with CI. Currently, we
do not consider recurrent OM to be a contraindication for CI.

There is uncertainty and some degree of controversy regarding how best to manage OM in
children with Cls and how to address an infection that has spread to the implant bed. An
infection involving a ClI that is not successfully treated with antibiotics often leads to
explantation of the device. If the implanted ear is the better hearing ear, or the only hearing
ear, this can lead to significant hardship for the child, with inability to communicate during
the time without the device or loss of speech language progress during a critical period of
their development. A previous study showed that speech performance worsened in nearly
10% of patients undergoing reimplantation [5]. Because infections are the second most
common reason for explantation after device failure [6], further understanding of the
etiology, management, and prevention of infectious complications are of great importance to
this patient population.

OM has not always been viewed as an important risk factor for developing an infection of
the ClI site. While early studies did not report sequelae from postoperative OM in CI patients
[7,8], Kempf et al. recommended that “antibiotics should be administered intravenously and
a few days longer than for ears without implants,” [9] (p131) while Luntz et al. treated
postoperative OM with oral antibiotics and did not report any adverse events [8]. The lack of
adverse events after treatment with oral antibiotics was confirmed in a later prospective
study, which found no OM-related complications [10]. The question of whether
myringotomy tubes are safe in the setting of a new CI has also been debated, due to a
perceived concern with exposing the middle ear space to the ear canal [11]. However, a
number of studies have shown no increased risk of tube-related complications after CI [12—
16], and others encourage this practice in children with recurrent acute otitis media (AOM)
after CI [14,17].

2. Methods

This retrospective case series was performed at an urban, academic, tertiary care center in
the Midwest. All children undergoing cochlear implantation from August 1999 through
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October 2013 were included for study. Six experienced CI surgeons performed the
procedures. The Institutional Review Board at Washington University in St. Louis approved
this study.

2.1. Data collection

Study data were collected (PV, KH) from inpatient and outpatient records, and entered into a
Research Electronic Data Capture (REDCap) database, a secure, web-based application
designed to support data capture for research studies [18]. In the case of questions regarding
a specific episode of care, the surgeon caring for the patient was asked to clarify the record
in the electronic chart. Data that were collected included age at implantation, implant
manufacturer, history of preoperative ear tubes or ear infections, history of meningitis,
known reasons for hearing loss, whether ear tubes were present at the time of surgery,
abnormal anatomy, history of genetic syndromes, postoperative infections, time to infection,
route of antibiotic administration, and surgical interventions used for management of
postoperative infections. Recorded postoperative events included AOM, OM with effusion,
tube otorrhea, meningitis, wound site infection, or implant infection. Device explantation
was also included as an outcome.

2.2. Study definitions of infections

In our chart review, AOM was defined by history and physical exam with some of the
following signs and symptoms: history of otalgia, poor sleep, fussiness, or fevers,
accompanied by physical findings of erythema of the ear drum and the presence of middle
ear fluid diagnosed by either the otolaryngologist or pediatrician. A wound infection was
characterized by erythema, swelling, and sometimes pain at the incision without swelling or
bogginess at the receiver-stimulator. Implant infection was defined as redness, swelling
and/or pain with palpation over the receiver-stimulator, sometimes accompanied by purulent
drainage from the incision, fever, or elevated white blood count.

2.3. Data analysis

A descriptive analysis of patient characteristics, types of infections, culture results, treatment
and final outcome was performed. Infectious organisms and site of infection were analyzed
in order to assess the frequency with which otitis led to infection at the CI site, how often
such spread of OM resulted in a need for prolonged antibiotic therapy, and whether spread of
organisms from OM to the implant resulted in explantation.

3. Results

During the study period, 568 ears were implanted in 421 patients. The median age at first
implantation was 3.6 years (Range: 7 months—21 years), and for the second implant, median
age was 4.6 years (Range: 7 months—20 years). The median length of follow up was 5.2
years (Range: < 1 month-15 years). Table 1 includes characteristics of the study population.

Middle ear infection was the most commaon postoperative infection, (n = 210 infections in
103 ears) and 18% of ears experienced OM at least once after implantation (See Fig. 1). The
median interval from the time of implantation to the first episode of postoperative otitis was
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6 months with a range of 1 weeke65 months. The next most common infection in implanted
ears was otitis externa (n = 26, 4.6%). Infection of the internal device occurred in 22 ears
(3.8%) with 16 of these implant infections originating from OM and 6 without evidence of
middle ear infection. One patient developed fulminant pneumococcal meningitis
accompanied by bilateral acute otomastoiditis. This patient was treated with device removal,
surgical drainage of the mastoid cavities and intravenous antibiotics over a prolonged period.
This patient initially presented with opacified middle ears and mastoids and mental status
changes. She was developmentally delayed and was not known to have a malformation of
the inner ear or any reason for immune compromise. The pathogen in this case was
Streptococcus pneumoniae.

Cultures were obtained in 40% of all ear infections. Staphylococcus aureus, Streptococcus
pneumoniae, and Haemophilus influenzae were commonly recovered when middle ear
samples were cultured in children with OM. Pseudomonas aeruginosa was observed in
several children with tube otorrhea. A complete listing of cultured organisms is shown in
Table 2 stratified by age.

Extension of middle ear infections to the implant site occurred in 2.8% (n = 16). Of the 16
infected devices, 10 were successfully treated with antibiotic therapy without explantation.
The retained implant group and explanted group had similar times to implant infection
(retained implant group = 21.9 months, explanted group = 19.8 months) and age at
implantation (retained implant group = 5.2 y, explanted group = 7.4 y). Because the humbers
were small, we could not determine the effect of time between implantation and infection on
device retention. Table 3 demonstrates other factors potentially relevant to implant infection,
including the presence of ear tubes at the time of Cl surgery. We found that 1-2% of our
Cochlear and Advanced Bionics (AB) devices became infected: 7 of 336 (2%) Cochlear
devices, 2 of 200 (1%) AB devices, and 1 of 31 (3%) Med EI devices were infected and
explanted. When the data were stratified by device manufacturer, no difference in implant
infection resulted. Because implant infections were rare, it was difficult to identify specific
factors to device infection. Many children had patent ear tubes at the time of CI surgery and
did not develop an implant infection in subsequent months. Surgeons in our group did not
routinely place or remove ear tubes at the time of implant surgery. Some patients had
repeated ear tubes placed after implantation either due to recurrent OM or chronic tympanic
membrane retraction from Eustachian tube dysfunction.

The microbiology of implant infections was carefully reviewed with a pediatric infectious
disease specialist to determine if there were specific organisms that provided a strong
prognosis regarding implant loss or retention. In the explanted group, we observed
methicillin sensitive staphylococcus aureus (MSSA) (n = 3) most commonly, and we
observed infections with Methicillin-resistant Staphylococcus aureus (MRSA), Haemophilus
influenzae, and Pseudomonas aeruginosa in three separate cases. Staphylococcal infections
were thought to be the most difficult to eradicate without explantation, and pseudomonal
infections were also considered particularly challenging to address medically. The
bacteriology of the explanted patients appeared to support this impression. However, we did
not find that all staphylococcal implant infections resulted in explantation. The retained
implant group included 2 cases of MRSA that were successfully treated with antibiotic
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therapy. Thus, two of these implant site infections involving Staphylococcus aureus were
eradicated using antibiotic therapy alone without removing the device.

In summary, we explanted 10 devices out of a total of 568 due to refractory infection
resulting in a 1.8% rate of explantation for infection (see Fig. 1). Overall, we performed 81
device explants during the 14-year interval for all indications combined (14% total). The
most common reason for explantation was device failure (n = 71), followed by implant
infection from otitis (n = 6, 1%), implant infection not associated with otitis (n = 4), device
extrusion (n = 1), and electrode migration (n = 1). The median time to explantation was 3.6
years (Range: < 1 month to 15 years).

4. Discussion

4.1.

This retrospective study of over 500 pediatric Cl performed at a large academic center
demonstrates that postoperative ear infections are common, and can be serious, resulting in
implant infections and in some cases, device removal. Though our sample was among the
largest single-center study to report on infections in pediatric cochlear implantation, we
cannot make a definitive recommendation about how best to treat these infections with
respect to length of treatment, intravenous versus oral route, role of ear tubes or prognosis on
the basis of the microbiology. However, we can conclude that in children, the pathogens
causing implant infections are often organisms that cause OM. We observed that treatment
of OM with culture-directed therapy could be associated with retention of the device and
restriction of the infection to the middle ear space, and prevented progression of infection to
the scalp and the receiver—stimulator site. Ten out of sixteen implant infections (62%) that
originated from the middle ear were resolved with targeted or empiric antibiotic therapy; in
contrast, only two out of six devices (33%) that were infected as wound or scalp infections,
without a middle ear infection, were able to be retained using targeted antibiotic therapy. In
addition, we find that the risk of device explantation is influenced by the infectious
organism. Five out of seven devices (71%) that were infected with Staphylococcus aureus
required explantation, whereas only four out of fourteen implants (29%) that were infected
with other organisms, more commonly associated with OM, required explantation. These
organisms included Streptococcus pneumoniae, Haemophilus influenzae and Streptococcus
pyogenes (see Table 4).

Managing otitis in recently implanted children

We routinely face the question of how best to treat a child with a recent Cl who has an AOM
in the implanted ear. Particularly in cases of OM where implant surgery occurred within two
months, there is a concern for an increased risk of meningitis due to the spread of middle ear
bacteria into the CSF via the cochlear perilymph. There is also a concern for implant
colonization prior to the formation of a dense fibrous capsule around the device. In this
study, 15 of the 19 device infections occurred within one year of implantation, and 11 of
them occurred within 3 months of the original implant surgery. This observation is
consistent with our general impression that an ear infection in the first few months after
implantation is a concern because of the possibility of spread of the infection to the device
site.
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We observed that some cases of middle ear infections led to device infection and others did
not. Ten children with overt signs of infection at the implant site, including symptoms of
redness, swelling, tenderness, and inability to wear the external device, were successfully
treated with intravenous antibiotic therapy, and were able to avoid explantation. In those
children who successfully retained their implants, most underwent tympanocentesis or
myringotomy and tube placement, with cultures taken from the middle ear space and
antibiotic therapy directed to the specific organism. In those cases where no organisms were
recovered, broad-spectrum antibiotics were given, such as vancomycin and cefepime for 14
days.

Our practice generally agrees with those outlined by Rubin, Papsin and the Committee on
Infectious Diseases [17]. In this policy statement, the authors recommend broad-spectrum
antibiotics including agents to cover MRSA for wound infections at Cl site. They also
recommend consideration of broad spectrum parenteral antibiotics for children with ear
infections in the following groups: those who are less than two months post-surgery,
children who have an inner ear malformations, children with a Cl device with a positioner,
or for children who appear systemically ill. They also recommend that an otolaryngologist
evaluate the child early during the course of treatment for OM with or without implant site
infection to confirm antibiotic efficacy. While our paper does not provide new
recommendations with respect to this practice, the outcomes that we observed would support
the liberal use of antibiotics for ear infections in children with Cl and indicate that broad
spectrum parenteral therapy is effective in preserving implant integrity in some cases even
when there is infection around the device.

4.2. Managing Staphylococcus aureus infections

Infections with Staphylococcus aureus (S. aureus) deserve special consideration. In our
cohort, we found that eradication of infection and retention of the device with antibiotic
therapy alone is uncommon (<30% retention rate), but possible. In general, because S.
aureus forms antibiotic-resistant biofilms, removal of infected prosthetic devices is often
necessary to eradicate the infection [19]. However, the morbidity of device removal is high
and patients are generally stable in these cases; thus, medical therapy for S. aureus device
infections is appropriate to consider and has been shown to be safe and effective in other
populations [20,21]. Thus, even if MSSA or MRSA is cultured from the CI site, we believe
that it is reasonable, in a child that is otherwise healthy, to attempt medical therapy with an
extended course of anti-staphylococcal antibiotic therapy, typically with a beta-lactam
antibiotic, such as nafcillin, for MSSA in combination with rifampin, and vancomycin or
linezolid for MRSA. Of note, most ClI infections that are observed in the adult population
appear to be associated with Staphylococcal organisms, suggesting a skin source of the
infection. Middle ear pathogens and otitis media are rarely observed in these adult
infections. In children, we observe that implant infections are more commonly associated
with middle ear pathogens, and these organisms are associated with a better prognosis for
retention of the CI with antimicrobial therapy.
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4.3. Risk of meningitis

Children with Cls are at a higher risk than the average population for developing bacterial
meningitis [22]. Children with inner ear anomalies are also at higher risk for bacterial
meningitis. The etiology of the increased risk of meningitis in both these populations is
likely due to facilitated transit of pathogens from the middle ear into the inner ear, which
communicates with the CSF through the implant device and through the anomalous inner ear
structures. Fortunately, meningitis was a rare event and occurred only once in our
population. Although bacterial meningitis in CI patients is rare, we adhere to guidelines for
pneumococcal vaccines closely and treat OM promptly and consistently in patients with Cls
with hopes to use all preventative measures possible to avoid this potentially devastating
complication.

4.4. Limitations

While this paper lends insight into approaches for treating OM in children with Cls, this
study is limited by the fact that it is a retrospective analysis of observational data during
routine clinical care. How best to manage postoperative OM after cochlear implantation is
an important question, because it is a common event that can lead to devastating loss of
function in children who are deaf without their cochlear implants. In this study, we observed
various types of treatment with involvement of the pediatric infectious disease team in some
cases. Some children were treated without cultures and without intravenous antibiotic
therapy. In other patients, empiric broad-spectrum antibiotics were given until culture results
returned from tympanocentesis and narrowing of the antibiotic choice occurred once
cultures were obtained. Others were treated with empiric intravenous antibiotics without
culture information. For these reasons, the organisms cultured from children with
postoperative otitis (Table 2) and from implant infections (Table 4) must be interpreted with
the knowledge that some children received pre-treatment antibiotics.

We observed that 18% of CI patients had AOM or tympanostomy tube otorrhea, but the
incidence of ear infections was likely higher. We suspect that OM was frequently treated by
the primary care provider without informing the CI team. There are times when empiric oral
antibiotic therapy for AOM in the implant patient is sufficient: however, a child with a Cl is
at higher risk for complications such as meningitis or chronic infection at the implant site if
therapy fails, which could lead to loss of the device. Careful use of antibiotics for these
infections, using culture directed therapy, and advice from a pediatric infectious disease
specialist can make a significant impact in the final outcome of these infections.

5. Conclusion

OM in pediatric ClI patients is a common event and usually resolves without affecting the
device. However, when the ear infection spreads outside of the middle ear space and
contaminates the receiver stimulator and magnet site, the implant can be at risk of chronic
infection and extrusion. It is possible to eliminate the infection using antibiotic therapy,
particularly if directed by cultures, and the duration and route of antibiotic treatment is
carefully considered. Obtaining specimens to determine the causative organism can enhance
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our ability to make good antibiotic choices and to optimize the chance of retaining the
device after the infection is cleared.
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Table of contents summary

Pathogens causing otitis media can result in infectious complications of cochlear
implants. Fortunately, may of these infections can be treated and the implant spared.
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Children with cochlear implants have a higher risk of meningitis and can develop implant
infections as a result of otitis media, and optimal management for these cases is

unknown.

What’s known on this subject
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What this study adds

18% of implanted ears developed OM. 2.8% developed an infection of the implant. Many
pathogens from CI infections originated from a middle ear source. 62% of infected
implants were successfully retained with medical management and 38% required
explantation.
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568 cochlear implants

developed AOM or tube otorrhea

N =103 (18%)

Y

N =16 (2.8%) progressed to infection of the CI

internal device

Page 13

N =6 (1%)
Cls explanted for infection
(originating from OM)

N =10 (1.8%)
Infected Cl devices retained with
antibiotic therapy

A 4
N =6 (1.0%)
Implant infections not associated with
ME infection
A4 Y
N =4(0.7%) N =2(0.3%)

explanted for infection
(non-otitic sources)

Infected implant retained
with antibiotic therapy

Fig. 1.

Summary of Cochlear Implant Infections.
(N = numbers of ears/implants).
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Characteristics of the study population (n = 568 implants, 421 patients).

Table 1

Patient characteristics n Percentages
Age (Years)
0-2 147  26%
2-6 194 34%
6-21 227 40%
Gender
Male 281  49%
Female 287 51%
Type of Implantation
First implant 514 90%
Explant-reimplant 54 10%
Laterality
Unilateral 383  68%
Bilateral sequential 110 19%
Bilateral simultaneous 74 13%
Manufacturer
Cochlear Corporation 336 59%
Advanced Bionics 200 35%
Med-El 31 6%
Cause of Hearing Loss
Unknown 382 67%
History of Bacterial Meningitis 39 7%
Connexin 26/30 36 6%
History of Congenital CMV 33 6%
Large vestibular aqueduct 31 5%
Auditory neuropathy 14 2%
Wolfram syndrome 1 <1%
Trauma: fracture through both otic capsules 1 <1%
Risk Factors for Hearing Loss
History of aminoglycoside antibiotic use 21 4%
History of Measles 2 <1%
History of Rubella 1 <1%
Active neurosarcoidosis 1 <1%
Other Medical Conditions
Intracranial hemorrhage 3 <1%
Ventilator-dependent in NICU 3 <1%
Insulin-dependent Diabetes Mellitus 2 <1%
Lung transplant 2 <1%
Cerebral palsy 2 <1%
Cystic fibrosis 1 <1%

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2018 October 23.

Page 14



Page 15

Vilaetal.

“(81Buis TT ‘L1031 8T = U) "UOIID3UI JO W1l 8y} Je abe Ag palyllells SUOIIIBLUL 211110 BAITeIad01SOd YIIM UBIPJIYD WOoJy Painlind swsiuefloolop

Author Manuscript

%0C ¥
%ST €
%S T
%ST €
%S T
%0T ¢
%ST €
%6 T
%6 T
%6 T
%le €
%le €
%6 T
%6 T

%y ¢
%ST 8

%2
%y
%L

© < N -

%TT

%y
%y
%L

0 < N N

%ST

%9
%9
%9
%9

N A A A

%TT

% T

%.T €
%.T €

% T
%ce v

SU32S3JBW BIIRLIBS
esoulfiniae seuowopnasd
suaboyyed Jes s|ppiwy/jeurd Jeg
sauaboAd snaooooidang
ezuanjyui snjiydowseH
SIpRNQ ejRUNL
aeluownaud sn220201dans
suaboyred Jea a|ppIA
sipiwJapida snododojAydels
(WSSIA) aA1lISUSS UI[[191YIaW ‘snalne snad0dojAydels
(WSHIN) JUBlISISaI UI[]ID1YIdW ‘Snaine snao0d0jAydeis
sn22020]Aydels anrebau asejnfeo)
suaboyred urys (s1buls 0z ‘€101 G = U) saesh 9—z aby
sauaboAd snoooo01dans
1109 e1Yo1I8Y2sy
SUBpUIA Sn220201dans
snAejy snjjibiadsy
‘dds wnuaoegauAIo)
By0
esoulfiniae seuowopnasd
suaboyyed Jes s|ppiwy/jeurd Jeg
aeluownaud sn220201dans
aezuanjyui snjiydowseH
suaboyyed Jes a|ppIA
sn22020]Aydels aanrebau asejnbeo)
(WS¥HIN) JUelSISal UlId1yI8W ‘snaine sna2020jAydels

suaboyyed us (sjbuis TT ‘[€101 8T = U) sdesh g—0 aby

sebejuadlad U

sae|os! 81BuIS

sebejuadlad U

saye|os! |e10L

SwisIueB100401|A|

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2018 October 23.



Page 16

Vilaetal.

%8 T winyejodAwe wnaeqaukion

%8 T 989|409 WNLIBJRYBUAIND
18410

%E8  § %y S esoulbnise seuowopnasd
suafoyied Jes a|ppiw/[eued Jeg

%8 T aeldes snaoodojAyders

%8 T sn22020]Ayders anirehau asejnbfeo)

%.T T %Gz €  (WSSIA) aA1Isuas ulj[191ylaw ‘snaine snadodojAydels
suaboyred unys (s1buis 9 ‘€101 2T = U) saeak Tz-9 aby

% T eljiydoljew seuowoydoijousls

%e T BlR|AX00JRIapR BI2I9]99T]

% 1 $N220901dans 9 dnoio

% 1 X3]dwod 11punaly 1810eqo)

% 1 SUBPIX0SOJAX 1910B(OWOIYIY

% T "dds wnua1oegauAIo)

%S T % 1 suejuaWIBYe WnisloegauAIo)

%y ¢ swisiuefi00.01W paxiN

%Y ¢ sisdojisdesed epipued

%S T %y ¢ suedlq|e epipued

%S T %y ¢ snae|4 snjjiBiadsy
18410

safejuadlad U  sabejusdssd U

saye|osi a|buls S91e|0S! [e101 swisiueba00401 N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2018 October 23.



Page 17

Vilaetal.

doysod uone.oyiad

[T

VSSIN IALL Juejdiul JO Wi} Je SuoN 8'6 8'L 06 S8y-IH sdluolg pasueApy NO 81ndy 9T 1D
SUETILETY
anoiqnue aAndwnsaid ‘paurelgo ainynd oN juejdw 40 swil Je sUON 12T 97T 13-paIN INO 8Indy ST 1D
uol93jul J0J [TX06
WINLIBYIRYBUAIOD ‘SauaboAd snao0aojdalis paoe|d uejdwi Jo awi Je sUON 1 T S9Y-1H So1UOIg PAdURAPY O 81noy ¥T 1D
uoI393jul 10y}
aeluownaud sna20201das padejd ‘uejdwi Jo awi 1e sUON 6T 1T 216 1ea|yo0d NO [eJale]ig €T 1D
©3LLI010 VYSHIN
VSHIN 0/y ‘yuejdws ye aoeyd ur sagn 8¢ 8¢ 3YP21D SNSJONN Je3]y20D ©9Y.110J0 aqnL ZrIo
SUBPLIA $N22020102.41S ‘WNLIYIRGAUAIOD ‘WYSHIN wejdwi Je ageyd ui sagny 8T 8T 216 1ea|yo0d ©3YJ1010 agn 11D
salnynd
passaiddns juswieanaid anoignue ‘ymoih oN juejdw J0 swil e sUON 9T ST JYHPZID SNBJINN Jesjy20D INO 8Indy 0T 1D
VSdIN Jue|dwi Jo dwI 18 BUON L'6T 9'6T 3YP21D SN8JoNN Jes|ya0) uondjul UNS 610
uono’yuI
110 BIYILI3YIST juejdw J0 swil e sUON 6L 6L JYHPZID SNBJINN Jesjy20D INO 8Indy puodss ‘s 1D
sna2020jAydels uoI934Ul J0}
anirebau ase|nbeo) ‘esourbinioe seuowopnasd paoe|d uejdwi Jo awi Je sUON ee ze uoLIe|D solUolg PaoueAPY O 810y 810
SN22020J8)U3 ‘YSSIN Juejdwi JO swi) Je BUON L'S 12 JYHPZID SNBJINN Jesjy20D uoI98jUI US 11D
sainynd uondayul
passaiddns juawieanaid anoignue ‘Yimolb oN juedwi Jo awil Je sUoN 281 ¥'e JYPZID SNBJONN Jes|yd0D uono8uIl UIMS puodss ‘9 |0
elI81oRqIUOIdoId uond’yul
sn22020]Aydels anrebau ase|nbeo) ueldwi 40 awil Je sUON 19T ST JYP2ZID SN8JONN Jesjya0d INO 81ndy 1149 1D
uono’juI
VSSIN juejdw J0 swil Je sUON L'l €L JYPZID SNBJINN Jesjy20) uoI93jUl US 1145 1D
uondayuI
VSdIN jueydwi ye soed g seqny 8¢ Lt JYP21D Sn8jonN Jes|yao NO 81ndy puodss ‘v 19
uona’yul
VSdIN jueyduwi ye doed g seqny 6T 6T 3YP21D SN8joNN Jes|ya0) NO 8IndyY IV 1D
ezudnfjul Snj1yadowsH jue|dwi Jo BwI 18 BUON LS T JYP21D Sn8joNN Jes|yao NO 81Ny €10
NO ua1INJal No
BSouUIbNIaE SeLuoLIopnasd pue sagn} Jea o A101S1Yy Jolid €01 89 UoLIe|D 21UOIg PAJUBAPY 21UOIYD pUe 3INJY zZI10
sna2020jAydels uoI3084UI J0}
annebau ase|nbeo) ‘wruownaud sn2202010a.1S paoe|d ‘uejdwi Jo awil e aUON 99 8'G 13-paN smbuIuaw a0 TI1D
(s4A) (s4h)
uo1393)ul uonelue|duwi uono’yul
paanyno usboyred aqm AwoloBuriAw Jo aoussald 1e aby 1e by 9p0J199|3/1a1n1oeINUR|IA juejdwi Jo uibliQ 1usIed
“erep aAndiIasap Ylim suoijoajul uejdwi
€ 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2018 October 23.



Page 18

Vilaetal.

[T
sn22090]Aydels anrebau ase|nbeo) juejdwi 40 awi Je sUON 971 7T M 06 S9Y-1H Sd1uoIg pPadueApy NO 8oy 6T 1D
BsouIbnIae seuow opnasd juejdwi JO swil Je sUON L'y T uoLe|D So1uolg PaduRAPY INO 8Indy 8T 1D
sna2020jAydels uo1934Ul J0}
annebau ase|nBeo) servownaud sn220201d2.1S paoe|d ‘uejdwi Jo awil e SUON 8¢ 9T JHP2ZID SNSJINN Jes|Y20D O 8oy ITI1D
(s4h) (s4h)
uoI393jul uopeluedwi uond’ul
paanynd uaboyred aqm AwoloBuriAw Jo aoussald 1e aby 1e aby 8p04199|3/184N10BINUR|IA juejdwi Jo uibliQ BUEN R

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Pediatr Otorhinolaryngol. Author manuscript; available in PMC 2018 October 23.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Vilaetal.

Table 4

Culture results from CI infections organized by implant outcome.

Explanted Retained implant

MRSA
MSSA

No growth or no culture
MRSA

Haemophilus influenzae Streptococcus pyogenes

, Rk, NN oz

Pseudomonas aeruginosa

N
3
2

Streptococcus pneumoniae 1 Streptococcus pneumoniae
1
1  Steptococcus viridans
1

Propionibacterium acnes
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