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Global Burden of Hearing Loss

« Burden: 1.2 billion worldwide
11.2 million with profound HL > 80dB

80% in low- and middle-income countries

« Known: Cost effectiveness of cochlear
implantation (Cl) in high resource settings

 Unknown: Cost effectiveness in low
resource settings

GBD 2013 Collaborators. Lancet 2015;386:743-800. Olusanya BO. PLoS Med. 2007;4(4):e74. Niparko JK et al. JAMA. 2010;303:1498— &= meDicinE
1506. Cheng AK et al. JAMA. 2000;284:850-856. Barton GR et al. Ear Hear. 2006;27(5):575-588. Colletti L et al. Laryngoscope. ~~ jouns Hopkins
2011;121(11):2455-2460. Olusanya BO, Newton VE. Lancet. 2007;369:1314-1317.  ‘eamwswmEn

Study Objective

» Compare the cost effectiveness of
managing pre-lingually deaf children in
six Sub-Saharan African countries
using:

— national cochlear implant program and
mainstream education
— deaf education with sign language

nnnnnnnn

nnnnnnnnnnnn

10/13/2015



Disability Adjusted Life Years
(DALYs)

* Time-based measure of health

« Combine years of life lost and years
lived with disability

» Effectiveness: number of DALYs
averted as result of health intervention

Making choices in health: WHO guide to cost-effectiveness analysis 2003. Gold MR et al. Annu Rev Public @JOI-{\ESD lﬂg}:l\zms
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Model Design

» Costs derived from published data and
estimates specific to each country

« Assumption: diagnosis and treatment
initiation by 36 months

 Decision tree analysis estimated life-long
effects for Cl and deaf education

Saunders JE et al. Otol Neurotol 2015;36:1349-56. Making choices in health: WHO guide to cost-effectivenes@ JOHNS HOPKINS
analysis 2003. Mathers C, Smith A, Concha M. Global burden of hearing loss in the year 2000. Available at: &3 weoicine
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Cochlear Implant and Deaf
Education Costs Included

* Amortized training costs * Years of deaf education

* Amortized equipment » Deaf educator training

« Lifetime maintenance costs

+ Implant cost * Deaf educator salary

« Surgery costs * Residential facility costs

« Lifetime mapping and + Other educational costs
therapy » Mainstream education

+ Hearing aid trial costs if transition occurs

« Mainstream education and * Interpretor training costs
support * Interpreter salary

» Probability of device failure

» Cost of non-use

Francis HW et al. Arch. Otolaryngol. Head Neck Surg. 1999;125:499-505. Cullen RD et al. @JOI'{\ESD 1719}:[\;%
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Drawing Conclusions
from the Model

» Sensitivity analysis: device cost, salaries,
annual number of implants, and probability
of device failure

» Cost effectiveness ratios (CERSs) divided by
GDP of each country per WHO protocol

CER/GDP <3 cost effective
<1 very cost effective

) L ) ) ] @JOHNS HOPKINS
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Participating Countries

Rwanda
GDP 1,426

Nigeria
GDP 5,386
Population 160 Million\p

South Africa
GDP 12,258
Population 51 Million

Malawi
GDP 753
Population 15 Million

United Nations World Population Prospects: 2012 Revision.
2014:1-54. The World Bank. GDP per capita. Available at:
http://data.worldbank.org/indicator/NY.GDP.PCAP.PP.CD.

Population 11 million
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Cl and Deaf Education
Cost Effectiveness by Country

Cost Effectiveness Ratio (CER) per Gross
Domestic Product (GDP)

CI (Min, Max) Deaf Education
South Africa 1.03 (0.94 - 1.12) 1.56
Nigeria 2.05 (1.77 - 2.41) 0.69
Kenya 3.27 (2.83 — 3.80) 1.11
Rwanda 4.89 (4.23 — 5.66) 0.55
Uganda 5.43 (4.67 — 6.35) 1.30
Malawi 9.62 (8.37 — 11.07) 0.89
() OHYS HOPEINS
Emmett SD et al. Otol Neurotol 2015; 36:1357-65. T pomemoms

Cl Cost Effectiveness with
Discounted Device Cost

GDP
= Malawi 753
e=|Jganda 1,358
===Rwanda 1,426
e==Kenya 2,675
e==Nigeria 5,386
====South Africa 12,258

CER/GDP
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=== WHO threshold for cost effectiveness
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Study Limitations

» Equivalent disability weights applied for
hearing loss treated with Cl and deaf
education

» Model does not take into account
differences in economic productivity

» Estimation in costs
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The Bottom Line

» Deaf education programs studied are cost
effective.

» Cost effective Cl programs are possible in
Sub-Saharan Africa. Decreased device
cost is important in expanding economies.

» There is opportunity for expansion of Cl
access. Collaboration is essential.

nnnnnnnn

nnnnnnnnnnnn




References

Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and chronic diseases and
injuries in 188 countries, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2015;386:743-800.
Emmett SD, Tucci DL, Smith M, et al. GDP matters: Cost effectiveness  of cochlear implantation and deaf education in Sub-Saharan Africa. Otol Neurotol 2015;36:1357-65.
Olusanya BO. Addressing the global neglect of childhood hearing impairment in developing countries. PL0S Med. 2007:4(4):e74.
Mohr PE, Feldman JJ, Dunbar JL, et al. The societal costs of severe to profound hearing loss inthe United States. Int J Technol Assess Health Care. 2000:16(4):1120-1135.
Niparko JK, Tobey EA, Thal DJ, et al. Spoken language development in children following cochlear implantation. JAMA. 2010:303(15):1498-1506.
Stacey PC, Fortnum HM, Barton GR, et al. Hearing-impaired children in the United Kingdom, | Auditory skills, quality of
life, and cochlear implantation. Ear Hear. 2006:27(2):161-186.
Cheng AK, Rubin HR, Powe NR, et al. Costility analysis of the cochlear implant in children. JAMA. 2000;284(7):850-856.

hu H, lig A, M, et al. Cost-benefit analysis of pediatric cochlear German Otol. Neurotol. 200223(5)674-681.
Sach T, ONeill C, Whynes DK, et al. Evidence of improving cost-effectiveness of pediatric cochlear implantation. Int J Technol Assess Health Care. 2003;19(2)421-431.
Bond M, Mealing S, Anderson R, et al. The effectiveness and cost-effectiveness of cochlear implants for severe to profound deafness in children and adults: a systematic review
and economic model. Health Technol Assess. 2009;13(44):1-330.
Barton GR et al. Hearing-impaired children in the United Kingdom, IV: cost-effectiveness of pediatric cochiear implantation. Ear Hear. 2006:27(5):575-588.
Colletti L et al. Estimated net saving to society from cochlear ininfants: a pi y analysis. L. 2011;121(11):2455-2460.
Molinier L, Bocquet H, Bongard V, et al. The economics of cochlear implant management in France: a muliicentre analysis. Eur J Health Econ. 2009;10(3):347-355.
Barton GR et al. Hearing-impaired children in the United Kingdom, I Cochlear implantation and the cost of compuisory education. Ear Hear. 2006:27(2):187-207.
Saunders JE, Barss DM, Gong W, et al. Cost effectiveness of childhood cochlear implantation and deaf education in Nicaragua: A disabilty adjusted life years model. Otol Neurotol
2015;36:1349-56.
Olusanya BO, Newton VE. Global burden of childhood hearing impairment and disease control priorities for developing countries. Lancet. 2007:369(9569):1314-1317.
World Health Organization. Making choices in health: WHO guide to cost-effectiveness analysis. Geneva: World Health Organization; 2003..
Gold MR, Stevenson D, Fryback DG. HALYS and QALYS and DALYS, Oh My: similarities and differences in summary measures of population Health. Annu Rev Public Health.
2002;23(1):115-134.
Mathers C, Smith A, Concha M. Global burden of hearing loss i the year 2000. Global Burden of Disease 2000. Available at
http://www.who.| || pdf. Accessed 3 December 2014.
Snik AF, Vermeulen AM, Brokx JP, et al. Speech perception performance of children with a cochlear implant compared to that of children with conventional hearing aids: The
“equivalent hearing loss” concept. Acta Otolaryngol. 1997;117(5):750-754.
The World Bank. GDP per capita. Available at: http:/data.worldbank.org/indicator/NY.GDP.PCAP.PP.CD. Accessed 25 January 2015.
United Nations, Department of Economic and Social Afairs, Population Division (2014). World Population Prospects: The 2012 revision, methodology of the United Nations
population estimates and projections. 2014:1-54.
Francis HW, Koch ME, Wyatt JR, et al. Trends in educational placement and cost-benefit considerations in children with cochlear implants. Arch. Otolaryngol. Head Neck Surg.
1999;125(5):499-505.
Blanchard M, Thierry B, Glynn F, et al. Cochlear implant failure and revision surgery in pediatric population. Ann Otol Rhinol Laryngol. 2014. Epub ahead of print.
Marlowe AL, Chinnici JE, Rivas A, et al. Revision cochlear implant surgery in children: The Johns Hopkins experience. Otol. Neurotol. 2010:31(1):74-82.

Sunde J, Webb JB, Moore PC, et al. Cochlear implant failure, revision, and reimplantation. Otol. Neurotol. 2013;34(9):1670-1674. JOH\S HOPMNS
Smith RJH, Bale JF, White KR. Sensorineural hearing loss in children. Lancet. 2005;365(9462):879-890. WEDiEeiNE
Silverman A, Schoepflin JR, Linstrom CdJ, et al. Repair issues associated with cochlear implants in children. Otol. Neurotol. 201031(6):926-31. T e

Moor D. Measuring health in a vacuum: examining the disability weight of the DALY. Health Policy and Planning 2003;18:351-356.

Acknowledgements

Magteld Smith, PhD South Africa
Isaac Macharia, MBChB Kenya
Serah Ndegwa, MSc Kenya
Doreen Nakku, MBChB Uganda
Kaitesi Mukara, MD Rwanda
Titus Ibekwe, MBBS Nigeria
Wakisa Mulwafu, MBBS Malawi
Wenfeng Gong, MSc USA
Debara Tucci, MD USA
Howard Francis, MD USA
James Saunders, MD USA )5 HoPs

JOHNS HOPKINS

10/13/2015



