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Abstract

Objective. Hearing loss disproportionately affects low- and
middle-income countries (LMICs). Recent advances in
cochlear implant surgery have benefitted patients globally,
but the risk of complications in LMICs may be heightened
due to social and structural factors. This systematic review
characterises the types and rates of complications reported
in LMICs, while identifying the key barriers and facilitators to
safe surgery.

Data Sources. Three databases (Ovid MEDLINE, Ovid
Embase, and Global Index Medicus) and grey literature
were searched from January I, 2015 to May 30, 2025.

Review Methods. Studies reporting quantitative data on
cochlear implant surgery complications were independently
reviewed by 2 authors, with conflicts resolved by a third
reviewer.

Results. Thirty eligible studies from seventeen countries were
identified. No studies were based in low-income countries,
with 37% and 63% arising from lower-middle-income and
upper-middle-income countries, respectively. Pooled average
complication rates were higher in lower-middle-income
(8.83%) than upper-middle-income countries (5.08%).
Complication profiles also varied by income classification,
with facial nerve injuries predominating in lower-middle-
income countries compared to vertigo/dizziness and device
failure in upper-middle-income countries. Thematic analysis
identified systemic, procedural, technological, and capacity
issues as barriers to safe surgery, whilst highlighting the
importance of specialist expertise, perioperative planning,
multidisciplinary teams, and widening access initiatives to
mitigate these barriers.

Conclusion. Overall complication rates of cochlear implant
surgery in LMICs are comparable to high-income countries,
although data may be underreported due to limited follow-
up, and complication profiles differ by income classification.
Further work is required to overcome the social and
structural barriers to safe surgery.
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he prevalence of hearing loss has risen significantly,
with an estimated 6.1% of the global population
affected by disabling hearing impairment in 2018."
Untreated hearing loss has numerous negative consequences,
including impaired psychosocial development in children?
and cognitive decline in older adults.®> The burden of disease
is particularly amplified in low- and middle-income countries
(LMICs) which face the dual challenge of higher rates of
hearing loss compared with high-income countries, as well as
limited treatment availability.*>
Cochlear implantation is a treatment option for
sensorineural hearing loss, which involves the surgical
implantation of a prosthesis that restores auditory
function by transmitting electrical impulses directly to
the cochlear nerve.® The earliest prostheses consisted of a
single-channel electrode, but these have since evolved into
smaller, multi-channel devices that are more comfortable
to wear.® As a result of these technological advances,
modern cochlear implants have demonstrated high
efficacy in improving auditory outcomes, speech perfor-
mance, and quality of life.”
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There are several complications related to cochlear
implant surgery, ranging from common postoperative
issues such as infection and bleeding to more specific
complications including cerebrospinal fluid (CSF) leak
and electrode migration.® As the efficacy of the procedure
has improved over time, the overall complication rates
have concurrently decreased due to advances in surgical
technique and device biocompatibility.” However, patients
in LMICs may have reduced access to specialist clinicians,
newer technologies, and comprehensive follow-up care,
thus elevating the risk of certain complications.'®

The purpose of this systematic review was to identify the
types and rates of clinical complications associated with
cochlear implant surgery in LMICs, whilst evaluating the
social and structural factors that influence these outcomes.

Methods

A systematic review was performed in accordance with
established guidance'' and reported as per the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.'? Ethical approval was
not required as individual patient-level data were not
collected. The protocol was registered with PROSPERO
(CRD420251080103). World Bank definitions were used
to classify countries as high-income, upper-middle-
income, lower-middle income and low-income.'?

Search Strategy and Study Selection

The following 3 electronic databases were searched from
January 1, 2015 to May 30, 2025: Ovid MEDLINE, Ovid
Embase, and Global Index Medicus. A detailed grey
literature search was also performed using Google
Advanced Search and LMIC health ministry websites. A
search strategy, which is available in the supplementary
materials (Appendix A, available online), was developed
to identify cochlear implant studies conducted in LMICs
as defined by the World Bank. Following the removal
of duplicates, 2 reviewers independently screened the
retrieved studies using Covidence (Veritas Health
Innovation). Conflicts were resolved by a third reviewer

Table 1. Inclusion and Exclusion Criteria

after the title and abstract screening stage and after the
full-text screening stage.

Table | summarises the eligibility criteria for study
selection.

Data Extraction

Two reviewers independently extracted data from each
study using a standardised template. The extracted data
consisted of study, population, intervention, and health
system characteristics, along with quantitative outcomes
(complication rates) and qualitative outcomes (facilitators
and barriers to safe surgery).

Risk of Bias Assessment

Risk of bias was evaluated by 2 independent reviewers
using the Joanna Briggs Institute (JBI) Critical Appraisal
Checklists. For each included study, an appropriate JBI
checklist was selected according to study design.

Synthesis

Due to the heterogeneity of studies, a meta-analysis was
considered unsuitable. Therefore, quantitative data were
summarised, and qualitative outcomes were synthesised
thematically using the three-step approach described by
Thomas and Harden.'*

Results

The study selection process identified 30 eligible studies,
as illustrated by the PRISMA flow diagram (Figure 1)."?

Study Characteristics

The 30 included studies'>** were observational in design and
conducted in 17 different LMICs, although 50% of the
studies originated from India (n=7), China (n=5), and
Brazil (n=3). No studies were identified from low-income
countries at the time of publication, with lower-middle-
income countries generating 37% of the studies (Table 2) and
the remaining 63% arising from upper-middle-income
countries (Table 3). Most studies only included pediatric

Inclusion

Exclusion

Patients in LMICs who underwent unilateral or bilateral cochlear
implant surgery.

Primary cochlear implant surgery (unilateral/bilateral) where
complications are reported.

Observational studies, interventional studies, case series, and
relevant grey literature meeting AACODS criteria. Studies in all
languages.

Studies reporting quantitative data on clinical complications of
primary cochlear implant surgery for the entire cohort
undertaking the procedure.

Studies including high-income country populations unless LMIC data
can be disaggregated.
Non-surgical interventions or studies where complications of
primary cochlear implant surgery cannot be isolated.
Case reports, reviews, editorials, and conference abstracts. Studies
published before January 1, 2015. Studies with fewer than 10
patients undergoing primary cochlear implant surgery.
Studies selectively reporting individual complications or focusing
solely on the management or salvage of specific complications.

Abbreviation: LMICs, low- and middle-income countries.
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‘ Identification of studies

Figure I. PRISMA diagram displaying the study selection process.

patients, defined as under 16 years, but several studies either
selected adults only or mixed populations. Samples sizes
ranged from 10 to 4346 patients and the reported follow-up
durations varied from 5 days to 90 months. There was also
significant variation between studies in terms of the surgical
techniques and devices used.

Using the JBI Critical Appraisal Checklists, 4 studies
were classified as having moderate risk of bias,'®**2743
while the remaining 26 studies were at low risk of bias.
The full risk of bias assessment is available in the
supplementary materials (Appendix B, available online).

Complication Rates

Twenty-six studies reported overall complication rates, which
ranged from 0% to 26.7% in lower-middle-income countries
and 0% to 18.7% in upper-middle-income countries. For the
studies that reported overall complication data, the mean rate
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per study was 10.47% and 8.53% in lower-middle-income and
upper-middle-income countries, respectively. However, after
adjusting for sample sizes, the pooled average complication
rate was 8.83% in lower-middle-income studies and 5.08% in
upper-middle-income studies.

Complication profiles also varied by income classification:
facial nerve complications were the most frequent in 4 studies
from lower-middle-income countries, % whereas vertigo
or dizziness was the most common in four upper-middle-
income studies”*****  followed by device failure in
three.”’?'** Figure 2 summarises the 10 most frequently
reported complications across the included studies. Facial
nerve complications, such as palsy or transient paresis, were
documented in 23 studies (77%)>8-2224.26:28.3032-404244 {5y
15 countries, including 5 studies set in India.>”*** Device
failure was also reported in the majority of included studies
(53%) across 14 countries,'%18-20-22:26:28.30.32-35.39.404344 (e
notable complications included vertigo/dizziness, wound and
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Table 2. (continued)

Follow-up

Patient
characteristics

Complications data

duration

Intervention details

Sample size

Country

Design

Study

Overall complication rate:
N/A
Overall major complication

| month to
90 months

Technique: Small post-auricular incision,
posterior tympanotomy, with electrode
insertion via cochleostomy or round

Pediatric and adult
patients
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rate: 9%
Overall minor complication

window approach.

rate: 6%

Most frequent complication:

device failure (6%)
Overall complication rate: 2%

N/A

Device: Cochlear or MED-EL implants

Adult patients only

50 patients

India

Ambispective chart

Agib (2025)*

Most frequent complications:

Technique: Veria technique, subtotal
petrosectomy (for recurrent squamosal

review

dizziness, vertigo,

tinnitus (2%)

disease) or posterior tympanotomy (for

hyperpneumatisation of the mastoid).

Electrode insertion via anterior

cochleostomy, anterior inferior

cochleostomy, anterosuperior
approach, or round window approach.

ear infections, and electrode position changes such as
migration or extrusion.

Barriers and Facilitators to Safe Surgery

Studies were analysed to identify social and structural
factors influencing complication outcomes. Thematic
analysis was performed to identify barriers and
facilitators to safe cochlear implant surgery in
LMICs, with the analytical themes outlined
in Figure 3. The full process of line-by-line coding
and synthesis of descriptive and analytical themes is
described in the supplementary materials (Appendix
C, available online).

Four analytical themes were synthesised in terms of
barriers to safe surgery: systemic inequities, patient and
procedural risks, technological and innovation short-
falls, and capacity constraints. Systemic inequities arise
from several factors, including limitations in public
health infrastructure,® the costs associated with surgery
and follow-up,** and geographical barriers preventing
specialists from accessing rural locations** as well as
patients from complying with follow-up.** Patient and
procedural risks were highlighted by multiple studies
where anatomical abnormalities’® or comorbid ear
infections*>*® increased the complexity of surgery,
especially when managed by less experienced surgeons.'”
Technological shortfalls were exemplified in the study by
Sarker et al,”® where 3 cases of transient facial nerve
paresis were caused by overheating during drilling.
Moreover, fewer device-related complications are seen
with new generation implants,'> but high-income coun-
tries typically benefit from these innovations ahead of
LMICs. Lastly, capacity constraints are seen to con-
sistently affect LMICs, where specialised tertiary centres
may have the ability to deliver high quality care but
struggle to provide adequate coverage for the overall
population.**

Conversely, four analytical themes for facilitators to
safe surgery were also identified: expertise-driven risk
mitigation, widening access to advanced infrastructure
and technology, proactive planning and prevention, and
holistic team-based continuity. The use of expertise to
minimise risk, with experienced surgeons either performing
the operations®>* or supervising trainees,”’* was fre-
quently credited with lowering complication rates.
Although cost is a major barrier for many potential
patients, Sinha et al’® and Alcas et al'® demonstrate
positive examples of public funding schemes mitigating this
issue. Private companies such as Cochlear and MED-EL
have also helped improve accessibility by training clinicians
in Nepal.*? Proactive planning and prevention includes the
use of preoperative imaging such as MRI,***” prophylactic
vaccinations,'>!¢ antibiotics,>*** and intraoperative facial
nerve monitoring®®* to help anticipate and manage
surgical challenges. Finally, involving the multidisciplinary
team to comprehensively evaluate patients preoperatively
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Figure 2. Ten most frequently reported complications.
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Figure 3. Analytical themes for barriers and facilitators to safe cochlear implant surgery in LMICs. LMICs, low- and middle-income

countries.

whilst delivering holistic postoperative care and follow-up

helps to reduce avoidable complications.'®

Discussion

The use of cochlear implantation in high-income
countries has expanded in recent years,

45,46

yet the

proportion of potential users across the world who
have an implant is estimated to be as low as 1%.%’
Uptake in LMICs is primarily inhibited by logistical
barriers including the cost of devices and surgery,*’
but addressing technical issues such as complications
is also vital to improving patient confidence in the
intervention.
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This systematic review synthesises data from 30
studies, published between 2015 and 2025, reporting the
complications of cochlear implant surgery in LMICs.
These studies demonstrate substantial heterogeneity in
patient populations, reporting methods, definitions of
complications, and follow-up durations. Consequently, a
wide range of overall complication rates were reported,
regardless of income classification, although the average
rate was higher across lower-middle-income studies than
higher-middle-income studies. There was also a notable
difference between these countries in the types of complica-
tions reported: immediate facial nerve injuries predominated
in lower-middle-income studies which may result from less
routine use of facial nerve monitoring in resource-constrained
settings. Meanwhile, longer-term issues such as device failure
and electrode migration were more prominent in higher-
middle-income studies. This likely reflects the greater access
to extended follow-up in wealthier nations.

The outcomes described in the literature for high-income
countries are comparable to the LMIC data in this review,
with a retrospective study of 434 cases in France reporting an
overall complication rate of 9.9%.* However, it should be
noted that the majority of these complications were delayed,
occurring after an average delay of 2.2 years, which indicates
that complications may be underreported in LMIC studies
with shorter follow-up durations. Similarly, Deep et al*
demonstrated a complication rate of 14% among a cohort of
infants, and 53% of these complications were defined as
“late” (presenting over 30 days postoperatively). Notably,
there were no instances of device-related complications in this
study,* in contrast to the prominent issue of device failure in
LMICs. This may reflect better access to the newest
technologies in high-income countries.

Surgical complications only represent one facet of
successful cochlear implantation, as there are other non-
operative factors that influence outcomes. Inadequate audio-
logical follow-up and aural rehabilitation are well-
documented issues in LMICs™ that can limit the benefits of
surgery.”'? Interestingly, patients in high-income countries
are vulnerable to these challenges as well,> particularly in
rural areas where patients often have to travel long distances
to receive hearing healthcare.”*>> A range of solutions to
mitigate the urban-rural disparity have been identified
including satellite clinics, telemedicine, and remote cochlear
implant programming,>>* which may be translatable to
LMICs. Long-term outcomes are also worsened by device
non-use, which may in itself be an indicator of unsuccessful
surgery if it stems from patients experiencing a complication
or low auditory performance.”® However, none of the
included studies reported daily hours of device use, thus
highlighting the need for such data to be collected in a
standardised manner during future research.

The absence of complication data from low-income
countries in the literature is striking and likely reflects a
severe lack of cochlear implant uptake in these settings.
Stevens et al® suggested that hearing aid coverage in
developing countries is small to negligible due to cost, and

thus cochlear implant provision is presumably even lower.
A 2024 editorial described the extensive hurdles faced
when developing a cochlear implant programme in
Malawi, including the extremely low numbers of ENT
surgeons, audiologists and speech therapists, inability to
attend rehabilitation, and disability-associated stigma.>’
The cost of battery replacement was another financial
burden for patients in this setting, whilst the use of
rechargeable devices was challenged by inconsistent
power supplies and required the development of solar-
powered charging stations.”® Conflict and political
instability are also often present in low-income countries,
which pose further obstacles to the delivery of hearing
healthcare; Alier et al® highlighted that even the use of
low-cost hearing devices in South Sudan was affected by
device maintenance, repair infrastructure, and battery
access challenges. Until the barriers to implementing
cochlear implant programs more widely in low-income
countries are addressed, it is unlikely that any robust
studies reporting complication data will emerge.

Management of complications was inconsistently
reported by the included studies. Ozdemir et al*® de-
scribed a range of management approaches including
surgical drainage and pressure dressing application for
hematomas, myringotomy and intravenous antibiotics for
mastoiditis, as well as explantation and re-implantation
surgery for all device-related complications. Daneshi
et al'® reported that their cases of complete flap failure
were managed using rotational musculocutaneous or free
forearm flaps, whilst magnet sores were addressed by
using weaker magnets. However, the majority of included
studies did not provide details regarding complication
management, hence precluding comparison.

This systematic review has limitations: firstly, the manual
process of searching the literature and screening the reports
may have led to mistakenly excluded studies. The hetero-
genous nature of the included studies precluded meta-analysis
and limited any robust comparisons of quantitative out-
comes. Although there were benefits to excluding small
studies with fewer than 10 patients, this may have led to
insights from underrepresented low-income regions being
omitted. Finally, half of the included studies in this review
were based in India, China, and Brazil. Whilst these countries
are classified as LMICs based on gross national income per
capita and display substantial wealth inequality,'*® all 3
countries are amongst the ten largest economies in the
world.®! Therefore, the tertiary referral centres that perform
the procedure in these countries are often advanced
institutions with excellent facilities that are not generalisable
to other LMICs. They face challenges in providing equitable
access to healthcare,®? but this does not affect the technical
process of performing safe cochlear implant surgery.

In conclusion, the increasing uptake of cochlear
implant surgery in LMICs is a positive development,
but complication rates remain substantial due to social
and structural barriers. Moreover, these reported rates
may be underestimated given the limited follow-up
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capacity in LMICs compared to high-income countries.
Future research should adopt a more standardised and
comprehensive approach to data collection, encom-
passing complication management, device usage, and
audiological follow-up. Further work is required to
develop targeted solutions to strengthen healthcare
systems, enhance surgical safety, and extend cochlear
implantation programs into low-income countries to
overcome the global burden of untreated hearing loss.

Author Contributions

Akash Srinivasan, designed the work, acquired and analysed
data, drafted the manuscript, revised and approved the manu-
script, agrees to be accountable for all aspects of the work; Anavi
Prakash, designed the work, acquired and analysed data, revised
and approved the manuscript, agrees to be accountable for all
aspects of the work; Wing K. Chou, designed the work, acquired
and analysed data, revised and approved the manuscript, agrees
to be accountable for all aspects of the work; Kat Steiner,
acquired and analysed data, agrees to be accountable for all
aspects of the work; Kokila Lakhoo, designed the work, revised
and approved the manuscript, agrees to be accountable for all
aspects of the work.

Disclosures
Competing interests: None.
Funding source: None.

Data Availability Statement

Data sharing is not applicable to this article as no new data were
created or analysed in this study.

Supplemental Material

Additional supporting information is available in the online
version of the article.

ORCID iD
Akash Srinivasan & https://orcid.org/0000-0002-2335-267X
Wing K. Chou & https://orcid.org/0000-0002-1381-4594

Kat Steiner @ https://orcid.org/0000-0002-5022-0736
Kokila Lakhoo @ https://orcid.org/0000-0003-1840-708X

References

1. Davis AC, Hoffman HJ. Hearing loss: rising prevalence and
impact. Bull World Health Organ. 2019;97(10):646-646A.
doi:10.2471/BLT.19.224683

2. Moeller MP. Current state of knowledge: psychosocial devel-
opment in children with hearing impairment. Ear Hear.
2007;28(6):729-739. doi:10.1097/AUD.0b013e318157033

3. Lin FR, Pike JR, Albert MS, et al. Hearing intervention versus
health education control to reduce cognitive decline in older
adults with hearing loss in the USA (ACHIEVE): a multicentre,
randomised controlled trial. Lancet. 2023;402(10404):786-797.
doi:10.1016/S0140-6736(23)01406-X

4. Haile LM, Kamenov K, Briant PS, et al. Hearing loss
prevalence and years lived with disability, 1990-2019:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

findings from the Global Burden of Disease Study 2019.
Lancet.  2021;397(10278):996-1009.  doi:10.1016/S0140-
6736(21)00516-X

. Stevens G, Flaxman S, Brunskill E, et al. Global and

regional hearing impairment prevalence: an analysis of 42
studies in 29 countries. Eur J Pub Health. 2013;23(1):146-
152. doi:10.1093/eurpub/ckrl 76

. Mudry A, Mills M. The early history of the cochlear

implant: a retrospective. JAMA Otolaryngol Head Neck
Surg. 2013;139(5):446-453. doi:10.1001/jamaoto0.2013.293

. Cejas 1, Barker DH, Petruzzello E, et al. Cochlear

implantation and educational and quality-of-life outcomes
in adolescence. JAMA Otolaryngol Head Neck Surg.
2023;149(8):708-715. doi:10.1001/jamaoto.2023.1327

. Garrada M, Alsulami MK, Almutairi SN, et al. Cochlear

implant complications in children and adults: retrospective
analysis of 148 cases. Cureus. 2021;13(12):¢20750. doi:10.
7759/cureus.20750

. Farinetti A, Ben Gharbia D, Mancini J, et al. Cochlear

implant complications in 403 patients: comparative study of
adults and children and review of the literature. Eur Ann
Otorhinolaryngol Head Neck Dis. 2014;131(3):177-182.
d0i:10.1016/j.an0rl.2013.05.005

Jesuyajolu D, Obuh O, Edeh E. Overcoming developing-
world challenges in cochlear implantation: a Nigerian
perspective. Ann Med Surg. 2023;85(11):5533-5537. doi:10.
1097/MS9.0000000000001318

Thomas J, James T. Cochrane handbook for systematic
reviews of interventions. Cochrane. 2025. https://training.
cochrane.org/handbook/current

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71.
World Bank Open Data. Low & Middle Income. World
Bank Open Data; Accessed October 9, 2025. https://data.
worldbank.org/country/low-and-middle-income

Thomas J, Harden A. Methods for the thematic synthesis of
qualitative research in systematic reviews. BMC Med Res
Methodol. 2008;8:45. doi:10.1186/1471-2288-8-45

A, Ajallouveyan M, Ghasemi MM, et al.
Complications in a series of 4400 paediatric cochlear
implantation. Int J Pediatr Otorhinolaryngol. 2015;79(9):
1401-1403. doi:10.1016/j.ijporl.2015.05.035

Dankuc D, Vlaski L, Pejakovic N, et al. Complications in
cochlear implantation at the clinical center of Vojvodina.
Srp Arh Celok Lek. 2015;143(11-12):656-661. doi:10.2298/
sarh1512656d

Yépez-Pabon D, Guevara-Sanchez M. Postoperative com-
plications of cochlear implant: eight years of experience. Rev
Med Inst Mex Seguro Soc. 2015;53(5):644-651

Alcas O, Salazar MA. Complications of cochlear implant
surgery: a ten-year experience in a referral hospital in Peru,
2006-2015. Cochlear Implants Int. 2016;17(5):238-242.
doi:10.1080/14670100.2016.1219480

Chen L, Hua Q. Cochlear implants in patients with large
vestibular aqueduct syndrome. J Audiol Speech Pathol.
2017;25(1):62-65. doi:10.3969/j.isn.1006-7299.2017.01.015

Daneshi


https://orcid.org/0000-0002-2335-267X
https://orcid.org/0000-0002-1381-4594
https://orcid.org/0000-0002-5022-0736
https://orcid.org/0000-0003-1840-708X
https://doi.org/10.2471/BLT.19.224683
https://doi.org/10.1097/AUD.0b013e318157f033
https://doi.org/10.1016/S0140-6736(23)01406-X
https://doi.org/10.1016/S0140-6736(21)00516-X
https://doi.org/10.1016/S0140-6736(21)00516-X
https://doi.org/10.1093/eurpub/ckr176
https://doi.org/10.1001/jamaoto.2013.293
https://doi.org/10.1001/jamaoto.2023.1327
https://doi.org/10.7759/cureus.20750
https://doi.org/10.7759/cureus.20750
https://doi.org/10.1016/j.anorl.2013.05.005
https://doi.org/10.1097/MS9.0000000000001318
https://doi.org/10.1097/MS9.0000000000001318
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.1136/bmj.n71
https://data.worldbank.org/country/low-and-middle-income
https://data.worldbank.org/country/low-and-middle-income
https://doi.org/10.1186/1471-2288-8-45
https://doi.org/10.1016/j.ijporl.2015.05.035
https://doi.org/10.2298/sarh1512656d
https://doi.org/10.2298/sarh1512656d
https://doi.org/10.1080/14670100.2016.1219480
https://doi.org/10.3969/j.isn.1006-7299.2017.01.015

Otolaryngology—Head and Neck Surgery 00(00)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Devesahayam PR. Surgical and functional outcomes of
cochlear implantation in post-lingual and cross-over pa-
tients: First 5-year review of the National Ministry of Health
Malaysia cochlear implant programme. Med J Malaysia.
2018;73(6):393-396.

Diab KM, Yusifov KD. The complications of
cochlear implantation and the methods for their treatment.
Vestn Otorinolaringol. 2018;83(5):21-25. doi:10.17116/
otorino20188305121

Kasemsiri P, Ma PT, Yimtae K, et al. The outcomes of
cochlear implantation in Thailand: audiologic performance
and quality of life. J Med Assoc Thai. 2018;101:5203-S210.
Quang MLT, Duc PN. Initial outcomes of cochlear
implantation: a comparison of round window membrane
and conventional bony cochleostomy. Arch Pharm Pract.
2019;10(3):119-125.

Lai R, Wu W, Li W, et al. An analysis of surgical
management of difficulties during cochlear implant with
inner ear anomalies. Lin Chung Er Bi Yan Hou Tou Jing Wai
Ke Za Zhi. 2020;34(10):919-924. doi:10.13201/j.issn.2096-
7993.2020.10.012

Kameswaran M, Rayamajhi P, Natarajan K, et al. Cochlear
implantation in bilateral chronic otitis media: surgical issues
and outcomes. Int J Otorhinolaryngol Clin. 2020;12(3):54-57.
doi:10.5005/jp-journals-10003-1358

Sarker MZ, Islam MR, Dutta UK, et al. Preoperative
evaluation and surgical outcome of cochlear implantation in
NIENT. Bangladesh J Otorhinolaryngol. 2020;26(2):128-135.
doi:10.3329/bjo.v26i2.50640

Haque A, Kumar T, Suman S, et al. Better anesthesia
technique: a case series of cochlear implants. Anesth Essays
Res. 2021;15(2):250-252. do0i:10.4103/aer.acr_144_21
Ahmed J, Saqulain G, Khan MIJ, et al. Complications of
cochlear implant surgery: a public implant centre experi-
ence. Pak J Med Sci. 2021;37(5):1519-1523. doi:10.12669/
pjms.37.5.3960

Huang Y, Wang X, Huang H, et al. Long-term outcomes of
cochlear implantation in irradiated ears of nasopharyngeal
carcinoma patients. 2021;131(3):649-655.
doi:10.1002/1ary.28909

Piromchai P, Tanamai N, Kiatthanabumrung S, et al.
Multicentre cohort study of cochlear implantation outcomes
in Thailand. BMJ Open. 2021;11(11):e054041. doi:10.1136/
bmjopen-2021-054041

Guo X, Wang B, Cao K, et al. Analysis of intraoperative
EABR characteristics and postoperative efficacy of cochlear
implant in patients with tinnitus. Lin Chung Er Bi Yan Hou
Tou Jing Wai Ke Za Zhi. 2022;36(6):423-428. do0i:10.13201/;.
iss1n.2096-7993.2022.06.004

Pradhananga RB, Gyawali BR, Rayamajhi P, et al.
Anatomical variations, surgical difficulties, and complica-
tions associated with cochlear implantation in different age
groups of the pediatric population of Nepal: a tertiary level
hospital-based study. Indian J Otolaryngol Head Neck Surg.
2022;74(Suppl 1):460-466. doi:10.1007/s12070-020-02251-8
AlKhtoum N, AlTamimi S, Alalwan O, et al. Cochlear
implantations in Jordan: retrospective analysis of

Laryngoscope.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

post-operative complications. Niger Postgrad Med J.
2022;29(3):244-248. d0i:10.4103/npmj.npmj_141_22
Castro GR, Santiago HCC, Aguiar RR, et al. Cochlear implant
complications in a low-income area of Brazil. Rev Assoc Med
Bras. 2022;68(5):568-573. doi:10.1590/1806-9282.20210924
Ozdemir O, Yigit O, Can E, et al. Cochlear implant
complications in a tertiary referral center in Istanbul.
Audiol Neurotol. 2022;27(4):321-327. doi:10.1159/000522281
Sinha R, Singh RK, Sharma AK. Cochlear implant
procedure: our experience. Int J Pharm Clin Res.
2022;14(7):199-212. doi:10.5281/zenodo.13367851

Sharma AK, Kumar M, Kumar A, et al. Institutional analysis
of the surgical outcomes of cochlear implantation in deprived

population.  Cureus. 2022;14(11):31853. doi:10.7759/cureus.
31853
Jaiswal AS, Kumar R, Kumar R, et al. Cochlear implanta-

tion in adults with post-lingual hearing loss: clinico-
demographical study and outcomes in the current times.
Indian J Otolaryngol Head Neck Surg. 2023;75(Suppl 1):548-
551. doi:10.1007/s12070-022-03467-6

Mathews S, Karthikeyan K, Arumugam SV, et al.
Complication profile in a cochlear implantation- surgical
audit in a large study population of low socio-economic
status in a developing country. Cochlear Implants Int.
2023;24(6):283-291. doi:10.1080/14670100.2023.2233212
Orlando VR, Cruz OLM. Postoperative complications in
cochlear implant surgery and their possible risk factors.
Braz J Otorhinolaryngol. 2024;90(4):101428. doi:10.1016/j.
bjorl.2024.101428

Agib M, Sinha M, Manogaran RS, et al. Impact of
cochlear implant on the quality of life in post lingual deafened
adult population in Tertiary Care Centre. Indian J Otolaryngol
Head Neck Surg. 2025;77(1):75-81.  doi:10.1007/s12070-
024-05110-y

Li X, Dai P, Yuan Y. Perioperative safety assessment and
complications follow-up of simultaneous bilateral cochlear
implantation in young infants. Lin Chuang Er Bi Yan Hou
Tou Jing Wai Ke Za Zhi. 2025;39:413-418. doi:10.13201/j.
issn.2096-7993.2025.05.004

Moreira Souza A, Daniel Gomes D, Alexandre Malheiros
Sales M, et al. Cochlear implant: post-surgical complica-
tions. Braz J Implantol Health Sci. 2025;7(6):275-282.
doi:10.36557/2674-8169.2025vTn6p275-282

Zizlavsky S, Priyono H. Post-cochlear implant surgery
challenges: 15-years experience at Cipto Mangunkusumo
National General Hospital. Oto Rhino Laryngol
Indonesiana. 2025;55(1):1-5. doi:10.32637/orli.v55i1.701
UK cochlear implant numbers. Accessed October 9,
2025.  https://www.bcig.org.uk/news/118/uk_cochlear_
implant_numbers/

Nassiri AM, Marinelli JP, Lohse CM, et al. Incidence of
cochlear implantation among adult candidates in the United
States. Otol Neurotol. 2023;44(6):549-554. doi:10.1097/
MAO.0000000000003894

Bodington E, Saeed SR, Smith MCF, et al. A narrative
review of the logistic and economic feasibility of cochlear
implants in lower-income countries. Cochlear Implants Int.


https://doi.org/10.17116/otorino20188305121
https://doi.org/10.17116/otorino20188305121
https://doi.org/10.13201/j.issn.2096-7993.2020.10.012
https://doi.org/10.13201/j.issn.2096-7993.2020.10.012
https://doi.org/10.5005/jp-journals-10003-1358
https://doi.org/10.3329/bjo.v26i2.50640
https://doi.org/10.4103/aer.aer_144_21
https://doi.org/10.12669/pjms.37.5.3960
https://doi.org/10.12669/pjms.37.5.3960
https://doi.org/10.1002/lary.28909
https://doi.org/10.1136/bmjopen-2021-054041
https://doi.org/10.1136/bmjopen-2021-054041
https://doi.org/10.13201/j.issn.2096-7993.2022.06.004
https://doi.org/10.13201/j.issn.2096-7993.2022.06.004
https://doi.org/10.1007/s12070-020-02251-8
https://doi.org/10.4103/npmj.npmj_141_22
https://doi.org/10.1590/1806-9282.20210924
https://doi.org/10.1159/000522281
https://doi.org/10.5281/zenodo.13367851
https://doi.org/10.7759/cureus.31853
https://doi.org/10.7759/cureus.31853
https://doi.org/10.1007/s12070-022-03467-6
https://doi.org/10.1080/14670100.2023.2233212
https://doi.org/10.1016/j.bjorl.2024.101428
https://doi.org/10.1016/j.bjorl.2024.101428
https://doi.org/10.1007/s12070-024-05110-y
https://doi.org/10.1007/s12070-024-05110-y
https://doi.org/10.13201/j.issn.2096-7993.2025.05.004
https://doi.org/10.13201/j.issn.2096-7993.2025.05.004
https://doi.org/10.36557/2674-8169.2025v7n6p275-282
https://doi.org/10.32637/orli.v55i1.701
https://www.bcig.org.uk/news/118/uk_cochlear_implant_numbers/
https://www.bcig.org.uk/news/118/uk_cochlear_implant_numbers/
https://doi.org/10.1097/MAO.0000000000003894
https://doi.org/10.1097/MAO.0000000000003894

Srinivasan et al.

13

48.

49.

50.

51.

52.

53.

54.

2021;22:7-16. https://www.tandfonline.com/doi/abs/10.1080/
14670100.2020.1793070

Loundon N, Blanchard M, Roger G, et al. Medical and
surgical complications in pediatric cochlear implantation.
Arch Otolaryngol Head Neck Surg. 2010;136(1):12-15.
doi:10.1001/archoto.2009.187

Deep NL, Purcell PL, Gordon KA, et al. Cochlear implantation
in infants: evidence of safety. Trends Hear. 2021;25:
23312165211014695. doi:10.1177/23312165211014695
Hanekom T. Integrating computational modelling into the
ecosystem of cochlear implantation: advancing access to
diagnostics, decision-making, and post-implantation out-
comes on a global scale. J Clin Med. 2025;14(22):7929.
doi:10.3390/jcm 14227929

Bernstein CM, Brewer DM, Bakke MH, et al. Maximizing
cochlear implant outcomes with short-term aural rehabilita-
tion. J Am Acad Audiol. 2021;32(3):144-156. doi:10.1055/s-
0041-1722987

Harris T. Barriers to cochlear implantation in low resource
settings. ENT Audiol News. 2026. https://www.entand
audiologynews.com/features/audiology-features/post/
barriers-to-cochlear-implantation-in-low-resource-settings
Shapiro SB, Lipschitz N, Kemper N, et al. Real-world
compliance with follow-up in 2,554 cochlear implant recipients:
an analysis of the HERMES database. Otol Neurotol.
2021;42(1):47-50. doi:10.1097/MAO.0000000000002844

Hixon B, Chan S, Adkins M, et al. Timing and impact of
hearing healthcare in adult cochlear implant recipients: a
rural-urban comparison. Otol Neurotol. 2016;37(9):1320-
1324. doi:10.1097/MA0.0000000000001197

55.

56.

57.

58.

59.

60.

61.

62.

Shayman CS, Ha YM, Raz Y, et al. Geographic disparities
in US Veterans' access to cochlear implant care within the
veterans health administration system. JAMA Otolaryngol
Head Neck Surg. 2019;145(10):889-896. doi:10.1001/
jamaoto.2019.1918

Summerfield AQ, Marshall DH. Non-use of cochlear
implants by post-lingually deafened adults. Cochlear
Implants Int. 2000;1(1):18-38. do0i:10.1179/cim.2000.1.1.18
Mulwafu W, Chabuluka C, Anderson I, et al. Development
of a cochlear implant program in Malawi: progress and
challenges. Cochlear Implants Int. 2024;25(5):339-343.
doi:10.1080/14670100.2024.2316463

Mulwafu W, Chabaluka C, Anderson I, et al. Development
of a cochlear implantation program in Malawi: audiometric
and speech perception results from a series of implantees.
Otolaryngol Head Neck Surg. 2025;172(3):1109-1113. doi:10.
1002/ohn.1112

Alier KK, Malcolm KA, Zhang W, et al. Hearing care in
low-resourced and humanitarian settings: findings from a
pilot study in South Sudan. Int J Audiol. 2025;64(8):823-831.
doi:10.1080/14992027.2025.2458026

Bharti NK, Chancel L, Piketty T, et al. Income and Wealth
Inequality in India. The Rise of the Billionaire Raj;
1922-2023.

World Bank Open Data. GDP. World Bank Open Data;
2025.  https://data.worldbank.org/indicator/NY.GDP.MKTP.
CDmost_recent_value_desc=true

Yip W, Hsiao W. Harnessing the privatisation of China's
fragmented health-care delivery. Lancet. 2014;384(9945):805-
818. doi:10.1016/S0140-6736(14)61120-X


https://www.tandfonline.com/doi/abs/10.1080/14670100.2020.1793070
https://www.tandfonline.com/doi/abs/10.1080/14670100.2020.1793070
https://doi.org/10.1001/archoto.2009.187
https://doi.org/10.1177/23312165211014695
https://doi.org/10.3390/jcm14227929
https://doi.org/10.1055/s-0041-1722987
https://doi.org/10.1055/s-0041-1722987
https://www.entandaudiologynews.com/features/audiology-features/post/barriers-to-cochlear-implantation-in-low-resource-settings
https://www.entandaudiologynews.com/features/audiology-features/post/barriers-to-cochlear-implantation-in-low-resource-settings
https://www.entandaudiologynews.com/features/audiology-features/post/barriers-to-cochlear-implantation-in-low-resource-settings
https://doi.org/10.1097/MAO.0000000000002844
https://doi.org/10.1097/MAO.0000000000001197
https://doi.org/10.1001/jamaoto.2019.1918
https://doi.org/10.1001/jamaoto.2019.1918
https://doi.org/10.1179/cim.2000.1.1.18
https://doi.org/10.1080/14670100.2024.2316463
https://doi.org/10.1002/ohn.1112
https://doi.org/10.1002/ohn.1112
https://doi.org/10.1080/14992027.2025.2458026
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?most_recent_value_desc=true
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?most_recent_value_desc=true
https://doi.org/10.1016/S0140-6736(14)61120-X

	Complications of Cochlear Implant Surgery in Low- and Middle-Income Countries: A Systematic Review
	Methods
	Search Strategy and Study Selection
	Data Extraction
	Risk of Bias Assessment
	Synthesis

	Results
	Study Characteristics
	Complication Rates
	Barriers and Facilitators to Safe Surgery

	Discussion
	Author Contributions
	Disclosures
	Competing interests
	Funding source

	Data Availability Statement
	Supplemental Material
	ORCID iD
	References




