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Abstract

Objective To analyze rate and type of complications in cochlear implant (CI) recipients receiving immunosuppressive therapy
following solid organ transplant (SOT).

Study design Retrospective case series. English language literature review.

Setting Tertiary referral center.

Intervention Cochlear implantation surgery following solid organ transplantation (SOT) and immunosuppressive therapy.
Methods Data of patients who received CI after SOT and with at least one year of follow up were reviewed. Main outcome
measures were the rate and type of complications, classified as major (requiring a second surgical procedure) and minor
(requiring medical therapy). A search was performed in PubMed database on January 2019 using the keywords: organ
transplant; cochlear implant, complications, deafness, solid organ transplant, immunosuppressive therapy. Only studies
reporting on patients who have been implanted after the transplant procedure and with a follow up period of at least 1 year
were considered. Final analysis was performed on pooled data.

Results Four patients received CI surgery following SOT. Age at treatment ranged from 40 to 47 years (mean 44.25 years).
Follow-up after implantation averaged 5.25 years (range 1-10 years), without complications. Review of the available literature
on the subject yielded seven papers; a total of 26 procedures in 22 patients satisfied inclusion criteria. Pooled data from the
present series and from the literature were analyzed; the global rate of complications was 16.6%, with 10% major (3 of 30
procedures) and 6.6% minor (2 of 30 procedures). The three reported cases of major complications appear unrelated to SOT.
Major complications were found in one case over 16 procedures in pediatric patients (6.2%), while in adults the percentage
raised to 14.3% (2/14 procedures).

Conclusions Cochlear implantation is a safe and effective intervention, even during immunosuppressive therapy after organ
transplantation.

Keywords Cochlear implantation - Organ transplantation - Postoperative complications

Introduction inner ear and cochlear nerve malformations, otic capsule

fractures, advanced age, ipsilateral vestibular schwannoma,

Cochlear implantation (CI) is the standard of care for chil-
dren and adult patients suffering from bilateral severe to
profound hearing loss. The consistent results obtained with
CI led to broadening of indications, including patients with
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chronic ear disease and systemic illness [1-4]. Patients who
received solid organ transplants (SOT) present several chal-
lenges to the CI team as immunosuppressive therapy may
predispose to poor wound healing and infections of the sur-
gical site [5]. This study aims to evaluate the rate and type
of postoperative complications in this particular population
of implantees.
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Methods

All clinical investigations were conducted according to
the principles expressed in the Declaration of Helsinki.
Study protocol was submitted to the local ethical com-
mittee (1048/2018/0SS*/AOUPR, Prot. 47131); formal
approval was not due as for case series. The otological
surgical database of the Authors’ tertiary referral univer-
sity hospital was retrospectively reviewed. Medical charts,
imaging and surgical reports of all patients who underwent
cochlear implant surgery after solid organ transplantation
from January 2007 to December 2018 were analyzed.
Details regarding patient demographics, immunosuppres-
sive therapy and transplant medical and surgical charts as
well as functional results at last available follow up were
collected in a retrospective manner. Antibiotic coverage,
vaccination, surgical technique and type of anesthesia as
well as functional audiological results at last available fol-
low up visit were also collected. Patients were included if
a CI was performed after the transplant procedure and had
a follow up of at least 1 year.

A search was performed in PubMed database on Janu-
ary 2019 by the first Author using the following keywords:
organ transplant; cochlear implant, complications, deaf-
ness, solid organ transplant, immunosuppressive therapy.
Database was assessed by evaluating title, abstract, full
text and checking for related articles in the references.
From these articles only patients who have been implanted
after the transplant procedure and with a follow up period
of at least 1 year were included.

Final analysis was performed pooling data from the Lit-
erature and from the Authors’ series.

Results

Over the study period, four patients (two males and two
females) underwent organ transplantation and subsequent
cochlear implantation at Authors’ Institution. One of the
patients received bilateral sequential CI; as follow up time
of the second implant was shorter than 1 year (surgery
performed in November 2018), the latter was not included
in the study. Two more patients were implanted before the
transplant procedure and were not included in the study.
Two patients received kidney transplant (patients 1 and
2); they both had a history of progressive hearing loss,
likely due to chronic renal failure and dialysis. Patients
3 and 4 were siblings affected by systemic amyloidosis
and received liver and combined heart and liver trans-
plant respectively. Additional surgery was performed once
in patient 4 that required a second liver transplant and
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twice in patient 1 (two revision for kidney transplanta-
tion). Age at CI ranged from 40 to 47 years, with a mean
of 44.25 years. The average time from SOT to CI was
4.25 years (range 3—6 years). All except patient 4 wore
hearing aids before CI procedure. Preoperative clearance
from the transplant team was obtained, immunosuppres-
sive therapy continued preoperatively in all patients and
immunosuppression levels regularly checked. Preoperative
immunization with 23-valent pneumococcal polysaccha-
ride vaccine (PPV23) was administered prior to CI to each
patient. Intravenous ceftazidime was administered preop-
eratively and all patients continued the same antibiotic
for 7 days after surgery. All procedures were performed
through a standard transmastoid facial recess approach
with complete electrode insertion; two of the patients
(patients 1 and 4) underwent surgery under local anest-
esia due to anaesthesiological contraindications. Surgery
and immediate postoperative period were uneventful in
all cases. Follow up ranged from 18 months to 10 years,
with a mean of 5.25 years; none of the patients was lost to
follow up. None of the patients experienced complications
and all patient reached open set abilities. Patient 3 died
6 years after cochlear implant.

Literature review yielded seven papers [5-9, 20, 25]. Due
to short follow up period (< 1 year), papers from Hashemi
et al. [6] and Mahalingham et al. [7] were not included. For
the same reason a total of three patients had been excluded
from other papers: two from the Suhling [8] and one from
the Ayub and Young series [9]. Three additional patients
were excluded because CI surgery was performed before
SOT procedure, two from the Suhling paper [8] and the other
from the Patterson et al. series [5]. A total of 26 procedures
in 22 patients were thus considered eligible for final analysis.

Global analysis was performed pooling data from the
Literature and from the Authors’ present series; details are
summarized in Table 1.

Total number of procedures was 30 CIs on 26 patients.
Mean age at first CI was 28 years (range 2.2—73 years); pedi-
atric patients were 12, with a mean age at first CI of 5 years
(range 2.2-11.7 years). Adults were 14 with a mean age
at first CI of 47.7 years (range 18.6-73 years). Mean time
interval between SOT and first CI procedures was 3.7 years
(range 0.5-10.3 years). One pediatric patient underwent
simultaneous bilateral implantation in Ayub et al. series,
while three more children from Suhling et al. underwent
sequential bilateral CI. Mean follow up after first CI was
4.3 years (range 1-13.1 years). Follow up data were availa-
ble for first CI in 24 patients as two patients from the Suhling
series underwent follow up in another center. Total number
of complications was 5 over 30 procedures (16.6%), with
three major (10%) and two minor (6.6%) complications.
Of the three cases of major complications, two were hard
device failure, occurring after 4.6 and 10 years from the
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CI procedure [5] and the third was an epitympanic chole-
steatoma 1 year after the second CI [8]. Skin problems have
been reported as minor and temporary complications in two
patients and were treated medically [8].

Discussion

One of the most feared complications in CI surgery is rep-
resented by infection and extrusion of the device, although
antibiotic coverage, rigorous asepsis and meticulous surgical
procedures keep the incidence to a minimum [10-14]. Solid
organ transplantation patients require life-long immunosup-
pressive therapy to reduce/prevent graft rejection and pre-
sent an increased risk of infection of the surgical site, with
potentially severe complications [15]. To date only isolated
reports and few case series addressed the complications rate
after cochlear implantation in this particular population of
implantees.

Susceptibility of SOT patients to postoperative compli-
cations after prosthetic implantation procedures, i.e. joint
replacement surgery, is a well known problem: Tannenbaum
et al. found a 19% infection rate among organ recipients
after joint replacement against a global 1.2% rate for all joint
replacement procedures performed at their institute dur-
ing the same period [16]. In 2014, Ledford et al. evaluated
complications and functional results in total hip (THA) and
total knee arthroplasty (TKA) in transplants recipients. They
experienced a high rate of overall perioperative medical
complications (29% and 33%, respectively), a high need for
reintervention due to noninfectious causes (7.2% and 9.1%)
and periprosthetic infection in 1.8% of the THA group and
14.2% in TKA group. Despite these, both groups had sig-
nificant improvement in functional scores and self reported
patients outcomes [17]. In 2016 the same Authors reported
as SOT patients with TKA had a higher rate of perioperative
complications than TKA in general population [18].

In the CI procedure, potential complications include
device failure, infection of the surgical wound, healing
problems associated with the soft tissue coverage over the
receiver stimulator, device extrusion, mastoiditis, and men-
ingitis [7]. Several issues should then be addressed when
considering a SOT patient for a surgical procedure and par-
ticularly for a cochlear implantation to reduce additional
risks to a minimum [9].

As stated by Patterson et al. [5], appropriate timing of
CI after transplant is an important consideration in pre-
dicting infection risk. Rubin et al. described the expected
sequence of infection type after organ transplantation: for
the first month after transplant, the patient is at risk for con-
ventional nosocomial infections; between 1 and 6 months,
there is increased risk for opportunistic infection while after
6 months post-transplantation, peak immunosuppression has
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passed and most infections are community-acquired [19];
it may be advisable to consider CI not before a minimum
of 6 months after transplantation in order to wait the peak
of immunosuppressive effect to subside [20]. Perioperative
pharmacological therapy is another relevant issue; transplant
team should be consulted and immunosuppressive therapy
level should be monitored. Administration of steroids asso-
ciated with the usual therapy has been reported as useful
in order to reduce the stress response of surgery [5]. The
microbiology team should also be consulted in regards to
vaccination and antibiotics. According to American Society
of Transplantation [21, 22] all organ recipients over the age
of 5 years should receive at least one 23-valent pneumococ-
cal polysaccharide vaccine (PPV23) before transplant pro-
cedure. The CDC vaccination schedule initially included
PCV7 for implanted children under age 5 years and PPV23
for children above 2 years and adults [23]. These guidelines
have been updated to include PCV13, which replaced PCV7
in 2010. PCV13 is furthermore recommended for CI candi-
dates and recipients of all ages [24].

No guidelines exist about antibiotic therapy in SOT
patients undergoing cochlear implantation.

From the available literature a total of 26 CI proce-
dures in 22 SOT patients were considered from previous
reports on the topic; patient who received CI before SOT
and patient with short (i.e. <1 year) follow up were not
considered in the analysis for obvious reasons. Various
schemes of antimicrobial regimens, vaccine schedule and
preoperative steroids are reported and available in Table 1.
Patterson et al. [5] described a series of five patients; one
of them had cochlear implantation before trasplantation
and was thus excluded from this review. Two had renal
transplantation, one combined kidney—liver transplantation
and one heart transplantation. No immediate postopera-
tive complications were described; device hard-failure was
reported in two patients that required revision surgery after
4.6 and 10 years, respectively. One of the four patients had
poor audiological results. Cortina et al. described a 4-year-
old boy with congenital renal dysplasia who underwent
CI surgery 2 years after kidney transplantation. He had no
complications and good audiological results [25]. Iverson
and McKinnon [20] described two renal transplant recipi-
ents who after CI experienced a regular postoperative
period with no complications and good audiological out-
comes. Ayub and Young [9] described seven different solid
organ transplantations: the four males and three females
ranged in age at CI from 2.4 to 18.8 years, with a mean
of 9.0 years. Follow-up averaged 3.9 years. There were
no postoperative complications. Four patients developed
open-set speech perception used only oral communication;
one child used primarily sign communication with some
oral communication; one was an inconsistent device user
and did not develop speech perception or oral language
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with consequent cognitive deficits; follow-up was less than
1 year for one patient that was excluded from our analysis.
Finally, Suhling et al. [8] recently described 13 patients
and 17 cochlear implants. The first implantation took place
at ages ranging from 2.2 to 71.3 years (mean 11.2 years).
The overall reported complication rate was 29.4% (5/17),
with major and minor complications occurring both in
three cases (17.6%). None of adult patients developed
complications. The Authors claimed a higher rate of com-
plications rate than that reported in the Literature, but it
is to note that three of the 5 reported complications pre-
sented in two patients who received CI more than 10 years
before SOT and were consequently not considered in this
analysis; another two patients with inconsistent follow up
(< 1 year) but without complications were also removed.

When pooling data from Literature patients that satisfy
inclusion criteria and the Authors’ present series, a total of
30 procedures in 26 patients have been performed, with 3
major (10%) and 2 minor (6.6%) complications, for a global
rate of 16.6%. With the obvious limits of this analysis (small
number of patients, retrospective case series and literature
review), it appears that complication rate almost equals that
of global reports of referral European Centers of 19.9%
(with 5% major) [26], 13.8% (with 3.4% major) [8] and
18.3% (with 2.3% major) [27].

It is interesting to note that the three cases of major com-
plications appear unrelated to the SOT, with an epytimpanic
cholesteatoma of possible iatrogenic origin in one case [8]
and hard device failure in two other patients [5].

Conclusions

Cochlear implantation can be considered a safe and effective
procedure in immunocompromised patients following solid
organ transplant, even in the pediatric age. Rigorous asep-
sis, antibiotic coverage and targeted vaccination schedules
should be routinely applied.
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