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background

 

In June 2002, the Food and Drug Administration received reports of bacterial meningi-
tis in patients with cochlear implants for treatment of hearing loss. Implants that in-
cluded a positioner (a wedge inserted next to the implanted electrode to facilitate trans-
mission of the electrical signal by pushing the electrode against the medial wall of the
cochlea) were voluntarily recalled in the United States in July 2002.

 

methods

 

We identified patients with meningitis and conducted a cohort study and a nested case–
control investigation involving 4264 children who had received cochlear implants in the
United States between January 1, 1997, and August 6, 2002, and who were less than six
years of age when they received the implants. We calculated the incidence of meningitis
in the cohort and assessed risk factors for meningitis among patients and among 199
controls, using data from interviews with parents and abstracted from medical records.

 

results

 

We identified 26 children with bacterial meningitis. The incidence of meningitis caused
by 

 

Streptococcus pneumoniae

 

 was 138.2 cases per 100,000 person-years — more than 30
times the incidence in a cohort of the same age in the general U.S. population. Postim-
plantation bacterial meningitis was strongly associated with the use of an implant with
a positioner (odds ratio, 4.5 [95 percent confidence interval, 1.3 to 17.9], with adjust-
ment for medical, surgical, and environmental factors) and with the joint presence of ra-
diographic evidence of a malformation of the inner ear and a cerebrospinal fluid leak
(adjusted odds ratio, 9.3 [95 percent confidence interval, 1.2 to 94.5]). The incidence
of meningitis among patients who had received an implant with a positioner remained
higher than the incidence among those whose implants did not have a positioner for
the duration of follow-up (24 months from the time of implantation).

 

conclusions

 

Parents and health care providers should ensure that all children who receive cochlear
implants are appropriately vaccinated and are then monitored and treated promptly for
any bacterial infections after receiving the implant.
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early 10,000 children in the unit-

 

ed States with severe-to-profound hear-
ing loss currently have a cochlear implant,

a surgically implanted device that includes an elec-
trode array that is inserted into the cochlea.

 

1

 

 With
the use of cochlear implants, people who have se-
vere-to-profound hearing loss may perceive sounds
and learn to speak.

 

2

 

In June 2002, one manufacturer of cochlear im-
plants notified the Food and Drug Administration
(FDA) of 15 reports of postimplantation bacterial
meningitis in patients of any age who had received
its implants. Early speculation implicated a posi-
tioner, a component used by one manufacturer in
some types of implants.

 

3

 

 This small Silastic wedge
is inserted next to the implanted electrode to facili-
tate transmission of the electrical signal by pushing
the electrode against the medial wall of the cochlea.
The implants that included a positioner were vol-
untarily recalled by the manufacturer in July 2002.

 

4

 

Since the initial reports were issued, however, the
other two manufacturers of cochlear implants in the
United States have notified the FDA of additional
cases of meningitis, principally in young children.

Because the magnitude of the problem was un-
known, as were the factors, aside from the use of a
positioner, that might increase the risk of meningi-
tis among implant recipients, the Centers for Dis-
ease Control and Prevention (CDC), the FDA, and
the health departments of 36 states, Chicago, New
York City, and Washington, D.C., undertook an in-
vestigation. The purpose was to establish the inci-
dence of bacterial meningitis among children with
cochlear implants and to identify specific types of
devices, surgical factors, and patient characteristics
that might be associated with an increased risk of
bacterial meningitis among recipients of cochlear
implants. The focus of the investigation was young
children, because they account for the majority of
known cases and represent the population that will
receive most cochlear implants in the future.

 

study design and population

 

The investigation consisted of two parts: a cohort
study to determine the incidence of bacterial men-
ingitis among young children with cochlear im-
plants and a nested case–control study to examine
risk factors for meningitis. The study population in-
cluded all children who had received a cochlear im-
plant in the United States between January 1, 1997,

and August 6, 2002, and who were less than six years
old at the time of implantation. All three compa-
nies that market cochlear implants in the United
States provided warranty lists (estimated to be 95
percent complete) of children who met these crite-
ria. We combined these lists to define a study popu-
lation of 4264 children.

Nineteen cases of bacterial meningitis were iden-
tified from reports to the companies, the Adverse
Event Reporting System of the FDA, and the sur-
veillance systems of the CDC and state and local
health departments. Seven additional cases were
identified by means of a brief questionnaire that was
mailed to the families of all children in the study
population. The rate of response to the question-
naire was 57.3 percent and did not vary according
to the year of implantation. The use of different
methods of ascertainment and the attention paid to
this issue by the media lead us to believe that our
ascertainment of cases was relatively complete.

 

definition and confirmation of cases

 

A patient with meningitis was defined as a child in
the study population in whom bacterial meningitis
developed after the placement of a cochlear implant
and before September 15, 2002. The classification
of a case of meningitis as definite, probable, or pos-
sible was based on an abstraction of the medical
records reviewed by two investigators using crite-
ria developed for this study (Table 1).

 

cohort study

 

We estimated the incidence of meningitis in the
study population using the number of cases of men-
ingitis as the numerator and the number of person-
years between implantation and the diagnosis of
meningitis or September 15, 2002, as the denom-
inator. We calculated stratified rates using varia-
bles that were available for the entire cohort: type of
implant, age at implantation, year of implantation,
geographic region where implantation was per-
formed, and time since implantation.

 

case–control study

 

The nested case–control study included all children
with cases of bacterial meningitis and a random
sample of 200 children who did not have postim-
plantation meningitis. These 200 controls were se-
lected with the use of a stratified approach so that
the distributions of the year of implantation and
of manufacturers were proportionate to those in
the total cohort, but controls were not individually

n

methods
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matched to children with meningitis. Information
on risk factors in children with meningitis and con-
trols was obtained from a parental interview that in-
cluded questions about the causes of the child’s
hearing loss and medical history; the abstraction of
the medical records for the cochlear-implant surgery
and hospitalization for meningitis; and data on im-
munizations and medical history obtained from the
primary care provider. All available information on
malformations of the inner ear was reviewed, and
all such malformations were classified by an oto-
laryngologist.

 

5

 

statistical analysis

 

The cohort data were summarized with the use of
the stratum-specific incidence of meningitis. The in-
cidence according to the time since implantation
was calculated for recipients of implants with a po-
sitioner and recipients of implants without a posi-
tioner, in an analysis that was limited to children
who received their implants after the devices with
a positioner became available in 1999.

In the case–control analysis, we assessed the
possible association of postimplantation bacterial
meningitis with a number of factors in the medical
history: the occurrence of meningitis before implan-
tation, the placement of tympanostomy tubes, the
occurrence of otitis media, the placement of a ven-
triculoperitoneal shunt, other chronic medical con-
ditions that could increase the risk of systemic in-
fections, ossification of the cochlea, the vaccination
status for pneumoccoccal, 

 

Haemophilus influenzae

 

type b (Hib), and meningococcal vaccines, and ra-
diographic evidence of inner-ear malformations.
The demographic variables evaluated included sex,
age at implantation, year of implantation, race, and
geographic region. 

We examined surgery-related factors, including
the use of a positioner; the incomplete insertion of
the electrode; a requirement for multiple attempts
in order to insert the electrode; the presence of a
cerebrospinal fluid leak (defined as a preexisting
leak or an intraoperative leak or “gusher” resulting
in rapid leakage of cerebrospinal fluid during sur-
gery); the use of antibiotics before, during, or after
the procedure; more than one implant; and signs of
middle-ear inflammation at the time of surgery. Use
of a positioner was defined as the use of an implant
model that included the electrode positioner as a
standard component (AB-5100H and AB-5100H-11,
Advanced Bionics) or the use of an implant for which
the positioner was optional (AB-5100, Advanced

Bionics) in a child whose operative report indicated
that the positioner was used. The postimplantation
factors evaluated were the presence of tympanos-
tomy tubes at the time of or after cochlear-implant
surgery, the occurrence of otitis media after surgery,
attendance at day care, and exposure to smoking in
the household.

 

6,7

 

 Because inner-ear malformations
and cerebrospinal fluid leaks were strongly corre-
lated with one another, new combination variables
were created. These consisted of both inner-ear mal-
formation and cerebrospinal fluid leak, inner-ear
malformation but no cerebrospinal fluid leak, and
cerebrospinal fluid leak but no inner-ear malfor-
mation.

We included in the analyses only the first implant
or the first occurrence of meningitis after implanta-
tion for children who had received multiple implants
or who had had multiple episodes of meningitis.
Risk factors that had an association with any of the
categories of meningitis with a two-sided P value of
less than 0.1 on univariate analysis were included
in the multivariate logistic-regression model for
all cases of meningitis.

 

identification of cases

 

A total of 29 episodes of postimplantation bacterial
meningitis were identified in 26 children; 3 children

results

 

* Abnormal cerebrospinal fluid was defined by two or more of the following: 
a cerebrospinal fluid protein level above 55 mg per deciliter, a cerebrospinal 
fluid white-cell count above 10 per cubic millimeter after adjustment for hemor-
rhagic cerebrospinal fluid (with allowance for 1 white cell per 8000 red cells), 
and a cerebrospinal fluid glucose level of 40 mg per deciliter (2.2 mmol per liter) 
or less. Symptoms consistent with the presence of bacterial meningitis included 
two or more of the following: fever (temperature ≥38°C), stiff neck or nuchal 

 

rigidity, lethargy or altered mental status, and headache.

 

Table 1. Case Definitions for Definite, Probable, and Possible Bacterial 
Meningitis.*

Diagnosis Criteria

 

Definite Isolation of bacteria from cerebrospinal fluid or isolation of bac-
teria from blood with abnormal cerebrospinal fluid and symp-
toms consistent with the presence of bacterial meningitis

Probable Abnormal cerebrospinal fluid, symptoms consistent with bacte-
rial meningitis, and evidence of bacteria in cerebrospinal 
fluid (on antigen testing, Gram’s staining, or polymerase 
chain reaction), or histopathological evidence of bacterial 
meningitis on autopsy 

Possible Abnormal cerebrospinal fluid, symptoms consistent with bacte-
rial meningitis, and no evidence suggesting a nonbacterial 
cause, or death after an unexplained illness with compatible 
symptoms
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had 2 episodes of bacterial meningitis each. Of the
29 episodes, 24 met the criteria for definite bacteri-
al meningitis, and 5 met the criteria for possible bac-
terial meningitis. The cases of possible meningitis
were associated with a cerebrospinal fluid white-cell
count of 300 to 6115 per cubic millimeter, and in
all but one case, there was a predominance of neu-
trophils. Nine episodes of bacterial meningitis were
perioperative (occurring ≤30 days after surgery); 20
episodes were sporadic (occurring >30 days after
surgery). Of the 20 sporadic episodes, 8 (40 percent)
were in patients who had evidence of acute otitis
media at presentation. One child died, and three had
the implant removed during their hospitalization
for meningitis. 

 

Streptococcus pneumoniae

 

 accounted for 15 of the
24 episodes of bacterial meningitis with a known
cause (62 percent) (Table 2). In 11 of these 15 cases
(73 percent), meningitis was associated with bac-
teremia, and in 1 of these cases, pneumonia was
present. Two children (Patient 7, a five-year-old boy,
and Patient 10, a three-year-old girl) (Table 2) had
received one dose of 7-valent pneumococcal con-
jugate vaccine (PCV7); the serotypes that caused the
illness were unknown. One child (Patient 24, a three-
year-old girl) had received two doses of PCV7 and
had 

 

S. pneumoniae

 

 meningitis caused by serotype 10A
— a type that is not included in PCV7. No patients
received a 23-valent pneumococcal polysaccharide
vaccine.

Two children had meningitis caused by Hib; it
is unknown whether the serotype of these isolates
was reconfirmed.

 

8

 

 

 

One of these children (Patient
21, a three-year-old boy) had no clinically significant
medical history and was fully vaccinated against
Hib. The second (Patient 9, a two-year-old girl) had
received three of four recommended doses of vac-
cine; this child had six episodes of meningitis be-
fore receiving the cochlear implant, two of which
were caused by Hib.

 

cohort analysis

 

The median follow-up period for children in the
cohort in whom postimplantation meningitis did
not develop was 29 months (interquartile range,
15 to 45). The incidence of all cases of meningitis
in the cohort was 239.3 per 100,000 person-years
(95 percent confidence interval, 156.4 to 350.6).
Meningitis caused by 

 

S. pneumoniae

 

 accounted for
138.2 cases per 100,000 person-years (95 percent
confidence interval, 77.4 to 227.9). Perioperative
meningitis occurred at a rate of 2.1 cases per 1000

procedures. There were differences in the observed
rate according to whether the implant type includ-
ed a positioner, the type of implant, and the year of
implantation (Table 3). When the analysis was re-
stricted to children who had received an implant
between 1999 and 2002, the observed incidence of
bacterial meningitis among children with the AB-
5100H or AB-5100H-11 implant was higher for the
duration of follow-up than the incidence among
those with implant models that did not include a po-
sitioner (Table 4 and Supplementary Appendix 1
[available with the full text of this article at http://
www.nejm.org]), although the 95 percent confi-
dence intervals for the incidence in the two groups
overlapped.

 

case–control analysis

 

We reviewed the implant-surgery records of 24 of
the patients with bacterial meningitis (92 percent)
and 186 of 200 controls (93 percent). One control
was excluded from the analysis because she was
more than six years old at the time of surgery. Inter-
views were conducted with parents of all 26 patients
with meningitis and with parents of 161 of the 199
remaining controls (81 percent). We received infor-
mation from primary care providers for 20 of the
patients with meningitis (77 percent) and 159 of the
controls (80 percent).

Univariate analyses showed possible associa-
tions between several risk factors and one or more
subcategories of meningitis (Table 5). These risk
factors included a history of placement of a ventric-
uloperitoneal shunt; a history of otitis media before
implantation; the presence of inner-ear malforma-
tions combined with a cerebrospinal fluid leak and
a cerebrospinal fluid leak alone; the use of a posi-
tioner; incomplete insertion of the electrode; signs
of middle-ear inflammation at the time of implanta-
tion; and exposure to smoking in the household.
The risk factors for sporadic meningitis were dif-
ferent from those for perioperative meningitis: the
use of a positioner was more strongly associated
with the occurrence of sporadic meningitis, and in-
complete insertion of the electrode and a cerebro-
spinal fluid leak without an inner-ear malformation
were associated with the occurrence of periopera-
tive meningitis but not with the occurrence of spo-
radic meningitis. 

On multivariate modeling, the use of a position-
er was significantly associated with the occurrence
of meningitis (odds ratio, 4.5; 95 percent confidence
interval, 1.3 to 17.9), as was inner-ear malforma-
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* Perioperative meningitis was defined as meningitis with an onset within 30 days after surgery, and sporadic meningitis 
as that with an onset more than 30 days after surgery. CI denotes confidence interval.

† Data are for models AB-5100H and AB-5100H-11 (Advanced Bionics); data on children who received model 5100H (Ad-
vanced Bionics), for which the use of a positioner was optional, were included in the group without a positioner, because 
information on the use or nonuse of the positioner was not available for children who were not included in the case–control 
investigation. 

‡ No cases were reported among children who received implant models CI24R(CS), who accounted for 1300 person-years, 
C40+H, who accounted for 301 person-years, or C40+HGB, who accounted for 10 person-years.

 

§ A test for trend showed a significant increase over time: chi-square statistic for trend=19.9, with 1 df; P<0.001.

 

Table 3. Incidence of All Cases of Bacterial Meningitis (Sporadic or Perioperative) and of Sporadic Meningitis 
among Children Who Received a Cochlear Implant.*

Variable All Cases of Meningitis Sporadic Meningitis

 

No. of
Cases

Incidence/100,000 Person-Yr
(95% CI)

No. of
Cases

Incidence/100,000 Person-Yr
(95% CI)

All children 26 239.3 (156.4–350.6) 17 161.8 (94.2–259.0)

Implant with a positioner

No 10 103.6 (49.7–190.3) 5 53.3 (17.3–124.4)

Yes† 16 1332.7 (762.0–2163.6) 12 1060.3 (547.9–1851.5)

Implant model‡

AB-5100H-11 7 1687.4 (678.6–3474.1) 4 1062.6 (289.6–2719.0)

AB-5100H 9 1146.2 (524.3–2175.0) 8 1059.7 (457.6–2087.2)

AB-5100 2 66.2 (8.0–239.5) 1 33.8 (0.8–188.9)

CI22M 2 159.5 (19.3–575.9) 1 81.0 (2.0–451.4)

CI24M 3 82.3 (17.0–240.6) 1 28.1 (0.7–156.6)

CI24RST 2 2072.5 (251.0–7469.9) 1 1102.9 (28.0–6132.2)

C40+HS 1 2660.8 (67.3–14,749.8) 1 2771.4 (70.2–15,359.8)

Geographic region

Northeast 4 191.3 (52.1–489.7) 2 98.8 (12.0–356.5)

Midwest 8 264.6 (114.2–521.3) 5 188.0 (75.6–387.4)

South 11 285.6 (142.6–511.0) 7 214.9 (92.8–423.4)

West 3 163.9 (33.8–479.2) 3 169.8 (35.0–496.1)

Year of implantation§

1997–1998 3 59.9 (12.4–174.8) 1 20.3 (0.5–113.2)

1999–2000 11 252.6 (126.1–451.8) 8 189.6 (81.8–373.4)

2001–2002 12 802.2 (414.6–1401.0) 8 585.7 (253.0–1153.9)

Age at implantation

1 yr 8 335.4 (144.8–660.7) 5 217.8 (70.7–508.3)

2 yr 8 262.3 (113.3–516.8) 4 135.4 (36.8–346.6)

3 yr 5 209.9 (68.2–489.8) 4 173.3 (47.2–443.6)

4 yr 1 61.8 (1.6–344.3) 1 63.8 (1.6–355.3)

5 yr 4 299.0 (81.5–765.5) 3 231.2 (47.6–675.7)
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tion with a cerebrospinal fluid leak (odds ratio, 9.3;
95 percent confidence interval, 1.2 to 94.5). Other
factors were associated with similar adjusted and
crude odds ratios, suggesting that they might be
independently associated with the occurrence of
bacterial meningitis; however, the 95 percent confi-
dence intervals for these odds ratios were wide.
When the analysis was limited to implants that were
placed between 1999 and 2002, the adjusted odds
ratio for meningitis associated with the use of a po-
sitioner increased to 5.6 (95 percent confidence in-
terval, 1.3 to 33.5). When the analysis was limited to
patients with definite cases of meningitis, the adjust-
ed odds ratio for meningitis associated with the use
of a positioner was 5.3 (95 percent confidence in-
terval, 1.4 to 25.1).

The incidence of bacterial meningitis caused by

 

S. pneumoniae

 

 in our study population of children
who received cochlear implants when they were less
than six years of age was more than 30 times the in-
cidence of pneumococcal meningitis among chil-
dren in that age group in the general U.S. popula-

tion in 2000 covered by the Active Bacterial Core
Surveillance program of the CDC

 

9 

 

(4.0 cases per
100,000 children [unpublished data]). Even among
children who received an implant without a posi-
tioner, the incidence of 

 

S. pneumoniae

 

 meningitis was
16 times as high as the background rate in the gen-
eral population for this age group. Therefore, the
higher incidence of meningitis in this cohort was
not fully explained by the use of positioners. Our
study was not designed to determine the incidence
of meningitis among children with severe-to-pro-
found hearing loss who had not received a cochlear
implant, and no data on this incidence are available.
The incidence might be higher than that among
children in the same age group in the general pop-
ulation because of underlying risk factors in such
children. For example, among the controls in our
study, 8.5 percent had radiographic evidence of in-
ner-ear malformations, 3 percent had a cerebro-
spinal fluid leak, and 10.1 percent had a history of
meningitis.

The observed incidence of meningitis increased
over the six-year study period. Although this find-
ing could reflect underascertainment in earlier years,
it is also possible that there has been a true increase

discussion

 

* This analysis was limited to children who received an implant after the devices including a positioner became available 
in 1999; three children in the cohort who had meningitis in 1997 or 1998 were excluded from the analysis. Confidence in-
tervals for incidence rates and incidence-rate ratios were calculated according to the exact method under the assumption 
that the number of cases is a Poisson random variable.

† Data are for models AB-5100H and AB-5100H-11 (Advanced Bionics); data on children who received model 5100H (Ad-
vanced Bionics), for which the use of a positioner was optional, were included in the group without a positioner, because 
information on the use or nonuse of the positioner was not available for children who were not included in the case–control 
investigation.

‡ In instances in which the incidence-rate ratio was undefined, the lower limit for the 95 percent confidence interval was 

 

calculated according to exact methods.

 

Table 4. Incidence of Bacterial Meningitis among Children Who Received Implant Models Including a Positioner 
as Compared with Those Who Received Other Models, 1999–2002.*

Months of
Follow-up Implant Models with a Positioner† Other Implant Models

Incidence-Rate Ratio
(95% CI)

 

No. of
Cases

Incidence/
100,000 Person-Yr

(95% CI)
No. of
Cases

Incidence/
100,000 Person-Yr

(95% CI)

≤1.0 4 5818 (1580–14,841) 3 1528 (316–4472) 3.8 (0.6–25.9)

1.1–3.0 5 3676 (1194–8579) 0 0 (0–948) Undefined (2.6–infinity)‡

3.1–6.0 1 526 (13–2932) 0 0 (0–673) Undefined (0.1–infinity)‡

6.1–12.0 3 922 (190–2697) 2 205 (25–739) 4.5 (0.5–54.0)

12.1–18.0 2 870 (106–3140) 1 121 (3–675) 7.2 (0.4–423.8)

18.1–24.0 1 701 (18–3896) 1 150 (4–837) 4.7 (0.1–365.6)
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in the number of cases in recent years. In part, such
an increase might be attributable to the introduction
of the device with the positioner in 1999. In addition,
there has been a trend toward earlier placement of
implants, because improved development of speech
and language is associated with earlier implanta-
tion,

 

10-12

 

 and younger children are at higher risk for
meningitis.

 

9

 

The company that marketed cochlear implants
with a positioner voluntarily recalled those products
in July 2002.

 

4

 

 In our analysis in the cohort study,
the use of the implant models with a positioner was
implicated as an important risk factor for meningi-
tis. In the case–control study, the presence of a po-
sitioner was significantly associated with the risk
of sporadic meningitis but not with the risk of peri-
operative meningitis. The attributable fraction

 

13

 

 of
all cases of meningitis was 50.9 percent (60.7 per-
cent for cases in children who received their implant
between 1999 and 2002), suggesting that about half
the cases of bacterial meningitis in implant recip-
ients might be attributable to the use of the posi-
tioner, if a causal relation is assumed. 

The reasons for the association between the use
of the positioner and the occurrence of meningitis

are unclear. Possible explanations include the larg-
er cochleostomy required for the insertion of both
the electrode and the positioner, the presence of an
additional foreign body in the inner ear, trauma to
the fragile anatomy of the inner ear caused by the
wedging of the positioner into place,

 

14

 

 deficient for-
mation of a fibrous-tissue seal at the site of the coch-
leostomy,

 

3

 

 and a combination of these factors. A
further complication for the comparison of types of
implants is that the choice of a particular implant
could be based on certain characteristics of the pa-
tient. For example, product labeling for the implants
with positioners states that their use is contrain-
dicated in people with ossification of the cochlea.

Overall, the risk of meningitis decreased rapid-
ly after the perioperative period. The incidence of
meningitis among children with an implant that
included a positioner remained higher than that
among children with other types of implants for the
duration of follow-up. However, only a few cases
were identified during each period, and such small
numbers result in imprecise estimates; continued
follow-up is needed in order to estimate the inci-
dence of meningitis more than 24 months after im-
plantation.

 

* Perioperative meningitis was defined as meningitis with an onset within 30 days after surgery, and sporadic meningitis as that with an onset 
more than 30 days after surgery. There were 199 controls included in all analyses. Univariate results included in this table are limited to those 
that were associated with any subcategory of meningitis with a two-sided P value of less than 0.1.

† Fisher’s exact methods were not used, because the expected numbers in the contingency tables were greater than 5.
‡ There were no patients with a malformation only.
§ There were no patients with a leak only.

 

¶All patients had otitis media before implantation.

 

Table 5. Risk Factors for Meningitis.*

Variable All Meningitis Univariate Analysis

 

Multivariate
Analysis
(N=26)

Univariate
Analysis
(N=26)

Perioperative
Meningitis

(N=9)

Sporadic
Meningitis

(N=17)

 

S. pneumoniae

 

Meningitis
(N=15)

 

odds ratio (95 percent confidence interval)

 

Implant with a positioner 4.5 (1.3–17.9) 5.6 (2.4–13.4)† 2.4 (0.5–11.4) 9.7 (3.0–31.1)† 6.0 (1.7–23.1)

Inner-ear malformation and cerebrospinal fluid leak
Both
Malformation only
Leak only

9.3 (1.2–94.5)
2.0 (0.1–15.2)
6.2 (0.4–79.5)

18.4 (3.4–120.3)
1.0 (0.1–4.8)
4.9 (0.4–44.9)

39.2 (4.8–320.2)
—‡

14.0 (1.0–138.5)

8.9 (0.7–84.3)
1.8 (0.2–9.4)

—§

14.7 (1.7–119.8)
1.8 (0.2–9.4)

—§

Incomplete insertion of electrode 3.2 (0.5–19.7) 3.2 (0.8–10.7) 7.2 (1.0–40.9) 1.7 (0.2–8.8) 3.0 (0.5–13.1)

History of ventriculoperitoneal-shunt placement 7.1 (0.3–126.1) 3.9 (0.3–28.8) 5.9 (0.1–68.2) 2.9 (0.1–31.9) 7.2 (0.6–55.1)

Exposure to smoking in household 2.2 (0.6–7.8) 2.2 (0.9–5.2)† 3.8 (0.8–19.8) 1.7 (0.5–5.2) 2.0 (0.6–6.8)

Otitis media before implantation 2.7 (0.3–127.1) 3.7 (0.8–16.3) —¶ 2.3 (0.5–21.5) —¶

Signs of middle-ear inflammation at implantation 1.4 (0.2–8.4) 2.3 (0.6–7.3) 4.9 (0.7–27.0) 1.3 (0.1–6.2) 3.3 (0.7–12.7)
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In the case–control study, the combination of ra-
diographic evidence of an inner-ear malformation
and a cerebrospinal fluid leak was associated with
an increased risk of all subtypes of meningitis, and
the presence of a cerebrospinal fluid leak alone was
associated with an increased risk of perioperative
meningitis. Children with cerebrospinal fluid leaks
have been targeted for pneumococcal vaccination,
because such leaks represent a known risk factor
for pneumococcal meningitis.

 

15,16

 

 Our analysis did
not identify inner-ear malformations alone as a risk
factor for meningitis, although case reports have
noted such an association, particularly with Mondi-
ni’s malformation.

 

17-21

 

Our ability to assess the protective effect of pneu-
mococcal vaccinations was limited because of the
small number of vaccinated children; pneumococ-
cal conjugate vaccine, now universally recommend-
ed for children less than two years of age, was not
licensed until 2000 — late in our study period. As-
sessment of Hib vaccination was limited by the fact
that almost all children were vaccinated before re-
ceiving a cochlear implant, as is universally recom-
mended.

 

22

 

We found that risk factors and infecting species
of bacteria in cases of perioperative meningitis dif-
fered somewhat from those in cases of sporadic
meningitis. Although it was difficult to interpret
these differences because of the small numbers, they
suggest a difference in the pathophysiology of in-
fection. In perioperative cases, bacteria may be in-
troduced at the time of the surgery. In sporadic cas-
es, because of the association with cerebrospinal
fluid leaks and inner-ear malformations, because
40 percent of the patients with sporadic cases had
signs of otitis media at presentation, and because
the main pathogens (

 

S. pneumoniae 

 

and 

 

H. influenzae,

 

with 

 

Neisseria meningitidis

 

 notably absent) are con-
sistent with those that cause otitis media,

 

23,24

 

 we
suspect that bacteria often entered through the mid-
dle and inner ear.

The investigation included cases of meningitis
occurring before September 15, 2002; we have sub-
sequently received reports of postimplantation
meningitis after this date in six children in the study
population. The cases in these six children occurred
from 6 to 41 months after implantation, and the
causative pathogen in all six was 

 

S. pneumoniae.

 

 Five
of these children received cochlear implants that
included a positioner (AB-5100H in two and AB-
5100H-11 in three), and one received a model C40+
HGB implant (MED-EL). 

Our findings have important implications for
the prevention of meningitis in children with all
types of cochlear implants. Providers should review
the vaccination records of their patients who have
received or are candidates for receiving cochlear
implants in order to ensure that they have received
pneumococcal vaccinations according to the age-
appropriate schedules for high-risk children

 

25

 

 (see
Supplementary Appendix 2, available with the full
text of this article at http://www.nejm.org) and
that they have received age-appropriate Hib vacci-
nations. Parents should contact their child’s health
care provider to ensure that all recommended vac-
cines have been received.

 

22

 

 Children should receive
vaccinations two or more weeks before surgery. 

Both parents and health care providers should
remain vigilant during the months after surgery for
possible signs and symptoms of meningitis. Sur-
geons who place cochlear implants should inform
the child’s health care provider and parents about
any inner-ear malformations or other findings dur-
ing surgery (e.g., cerebrospinal fluid leak or incom-
plete insertion) that could increase the risk of men-
ingitis. Prompt diagnosis and treatment of acute
otitis media might prevent the spread of infection
through any possible weakness of the fibrous-tissue
seal at the cochleostomy site.

Removal of an existing implant containing a po-
sitioner might not be beneficial. Because the mech-
anism by which the positioner increases the risk
of meningitis is unknown, it is unclear whether ex-
plantation of the device would lower the risk of men-
ingitis; in addition, explantation would place the
child at risk for operative complications, including
perioperative meningitis. Parents and health care
providers should also consider the benefits that
cochlear implants provide for children with severe-
to-profound hearing loss. We hope that with appro-
priate use of pneumococcal vaccines and no further
use of implants with a positioner, the incidence of
bacterial meningitis among children with cochlear
implants will decrease. However, the continued oc-
currence of bacterial meningitis underscores the
need for parents and health care providers of all chil-
dren with any type of cochlear implant to take ap-
propriate precautions.
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