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Table 1. Summary of previous studies for economic evaluation of cochlear implant

Title Year Country Author Study design Utility

A cost-utility scenario analysis of Summerfield .
bilateral cochlear implantation 2002 UE. AQ cross sectional — HUI
Cost-benefit analysis of pediatric
cochlear implantation: German 2002 German Heide SG prospective WTP
experience
QALY index and assessment of cost
efficiency of the cochlear implant 2000 France Fugain C cross-sectional HUI
in acquired profound deafness
Cost-utility analysis of the rospective VAS

1Ly analysis C 2000 U.S.  Cheng AR  Prospect HUI
cochlear implant in children cross-sectional 770
A cost-utility analysis of pediatric o,0, ;g QWeil ¢ cross-sectional VAS
cochlear implantation
Development and application of a
health-related quality-of-life _ . .
instrument for adults with cochlear 2000 Nitﬁgg HlndJeBrlnk cross sectional NCIQ
implants: the Nijmege Cochlea a
Implant Questionnaire
Cost-utility of the cochlear B .
implant in adult 1999 U.S. Cheng AK  meta-analysis
A prospective study of the
cost-utility of the multichannel 1999 U.s. Palmer CS prospective HUI
cochlear implant
Cost utility of the multichannel
cochlear implant in 258 profoundly 1996 U.S. Wyatt JR cross sectional HUI
deaf individuals
Measuring patient benefit from
otorhinolaryngological surgery and 1996 U.K. Robinson K cross sectional GBI
therapy
An outcomes study of cochlear . .
implants in deaf patients 1995 U.S. Harris JP prospective QWB
Cost effectiveness of the .
multichannel cochlear implant 1995 U.S. Wyatt JR cross sectional VAS
chhlear implants in adults and 1995 Us. NIH panel
children consensus

HUI: Health utility index Mark IlI
VAS: Visual analogue scale
QWB: Quality well-being scale

TTO: Time Trade Off
NCIQ: Nijmegen Cochlear implant Questionnaire
GBI: Glasgow benefit inventory
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Table 2. Cost-utility ratio of cochlear implant in adults (Cheng,2000)

Health utility  Cost-utility

Title Instrument  Country gain ratio S/QALY
Palmer et al, 1999 HUI U.S. +0.20 12,670
Wyatt et al, 1996 HUI U.S. +0.204 15,928
Wyatt and Niparko, 1996 VAS* U.sS. +0.304 9,000
Summerfield and Marshall, 1995 VASk UK. +0.41 7,405
Summerfield and Marshall, 1995 VASs UK. +0.23 13,200
Harris et al, 1995 QWB U.s. +0.072 31,711
Fugain et al, 1998 HUI France +(0.22 6,348
Overall’ +0.26 12,787

* . Patient rates health utility if the cochlear implant were taken away

x%. Patient rates health utility thinking back to before the cochlear implant
HUI: Health utility index Mark III

VAS: Visual analogue scale

QWB: Quality well-being scale

# . weight = 1/variance
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Table 3. Cost/QALY of medical technologies (Watty,1996)

Technology Cost/QALY($) Source

Neonatal intensive care 7,968 Kupperman et al
Coronary artery bypass graftin,

Y ) P & ) & 11,255 Wong and Sonnenberg
(3-vessel disease, severe angina)
Coronary angioplasty 11,458 Wong and Sonnenberg
Cochlear implant 15,928 Wyatt et al
Repair of asymptomatic intracranial )

18,500 King et al

aneurysms
Estrogen-progestin replacement therapy 28,435 Weinstein and Tosteson
Implantable defibrillator 29,200 Larsen et al
Cardiac transplant 38,970 Kupperman et al
Propranolol treatment of hypertension 39,455 Edelson et al
Tuberculin screening 49,375 Schechter et al
Knee replacement 49,700 Drewett et al
Coronary artery bypass graftin,

Y ) P & g. 64,033 Kupperman et al
(1-vessel disease, moderate angina)
Peritoneal dialysis 83,011 Kupperman et al
Hemodialysis 86,198 Kupperman et al
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Are both costs(inputs) and consequences(outputs) of the alternative examined?
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NO
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comparison of dOUtC.OH.Ie Cost description Cost-outcome description
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. . Cost-effectiveness analysis
effectiveness Cost analysis . .
. Cost-utility analysis
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Cost-benefit analysis
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of ohUel, Bke FA mE FAY 24 B TAAA, 4 @AY oln, 79
1 RAe] Bgel osl @gel wejdth AAA WhEwe AW by
Figure 30149} 2o 7t Wrle] FHarES BF nHdd, 1 589 B

et A7 XY TH(Table 5).
RAgg AMulayg zZaaded ArEe ZAde A gu7H, U U,
O 99 BEoE vs F Utk uV|HdA LRFE APS oFFolu A,

A Folx, BAL AN ARsHE Ade BA¥GY o8| WY W

st=dl, Aol wet AREE Azt tgk 7h7F wg- th27] g o5 1
st AL i Tastt gE ZoflAe A AR Jmes T2y A
Hl2=o] ol whel greksith A7AR S Ble agvdoly 7HHE Sl

A B2 ARG HS WHItE GH/E,  effect), HE(U, utility), HTAW,
willingness-to-pay) 522 ZQHt EAlc Ry Zzadoz TAHE 7}
Z|(V, value)Z 717+9] 2 ol A2l Hd4d gist ARE d= Aol 1 o7}
2 "ot Ao g on xZ2agow Qlete] HofH = 2H(S1-S3)0] Aol =
e Skl ARE A A Qe F HIEAEAHW,  global
willingness-to-pay) 2 235 8 +5 Aot F vHE&AZ = SEAY F

® Q
o we} Figure 394 BAFE EE AHRE 7HXste AL Dt o)gh Wy

~

o e FEel AEHE Aol ofUn ATHATS o AgHE Yol
S @ 4 ek oS Lol A7Ae] Aol wet By BAY Wl Absa

=
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Table 5. Methods of economic evaluation (Drummond, 1997)

® (Costminimization analysis
(C1-S1)
(C1+C2+C3)-(S1+52+S3)

® C(Cost-effectiveness analysis
(CI-S1)/E
[(C1+C2+C3)-(S1+S2+S3)I/E

® Cost-utility analysis
(C1-S1)/U
[(C1+C2+C3)-(S1+S2+S3)]/U

® Cost-benefit analysis
(W)-(C1+C2+C3)
[(W+V+S1+52+S3)-(C1+C2+C3)]
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Figure 3. Components of economic evaluation in health care (Drummond, 1997)
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ZaA 71e Al Bk 54 Any Zeay 5o o A7E 59

st A% 7Ibs AR & Uk aHu B FastA sk st RS
= S4%ts WHogs A AH(gross) HZH FIA A (micro) FH< o
ATk AAA HIZHHS oy Wolx Fo ok ARE o] &dto HES F

ot Wil MAH wHe AvHE A40e TAsUE Footy, 278

FA B Qe AR

Lo

$7h reE 4 ok
A

Q)

=
Bl Bitgk B9 F4 @S A Ak WAE gagEe A
%

3.2. & ¢l (discounting)

o

Zeoldol AF gAY el oAr} A9 Yo uIE, Ty 5L
Jzo] A2 AL 9eky] shdolth Izte @)

Polupe AlnThE wleel ok Al Hal e e Refshe AFol

i

o 4 o v

flo

rr

Atk AAEA A= o]E AlZF A EE(time preference)2tal sttt wheF F7}
dd Fo $1032 7HAE AY 25 $1002 A= AL E F o= AR Wols

O

d g AARL 25 $995 THAl= AL wolsd g glva dud, o] Afele

>

RHEEZE 3%7k FE Aolm, ol¥d AR AEEE Fs olgm
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(Olsen, 1981; Muennig, 2002). ©] 2% dd F9] $103& dA| 71X gstH 259
$1007 & Aolth o9k o] AAA HrllME vlgol} A Ao N2
2 Al do g3 nys 2. 1 AL ol e} 2o}

i

P= Y F (L+r)"

n =1

P: present value, Fy: future cost at year n, r: annual discount rate

i Zwhe] New England Journal of
Medicine °| 5%¢] &&S A3 B =50 TRHIAN AANMARE T332

bl Ha Ao mEkA 5%
A

3 1
BN HIABEE =Y F

i

Ae Aol ok W wFoM e oJmior HIEAaFHe] HE7HUS Public
Health Service Panel on Cost-Effective in Health and Medicine)&°] 3% & 7H3
g3k delgolztar BRI aL, hEEe vl AlFE AFolM= 3% &

&S L3t JH(Gold, 1996). o1& HES mH& S w FAA H7t oA

»
2
o,
o
[e]

_20_



4. H]-&8§ ¥4 (Cost-utility analysis)

G EEEAL o7 YEoly Aulze] APl o AFA LAY F7}

Cost— utility= Costs ___ _ Costs
A(QALYsS) A (Lifeyear x Health Utility)

H8858 FX42 dEA AEYS (quality-adjusted life-years, QALY)Y 7%
57} A4 (heathy years equivalent, HYEs) 502 RdH = 7179 W 993
&5 Hlwste WyeR, 7E 582 #49 A5 vele ol (disability) <}
A= Al (mortality) S dbe] X3 QALYE R dITh QALYE

tility) = ARG FEA] szete] AL wASE AR, AN 53

BH

g M gEy BAL Aves 54 Zea

MEES BHe oy AFF Tl FAA
2

ojgjgt A ao] 7sthGold, 1996).
#Hol 54 AAvs FH3te ¥

REs

o2 Axel vyt 7HEdt YubE(generic measure)
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o 7tAE Fodte A= (@E&)7F T8 985 doe HolA HEo AAA
2 FE371% gh(Drummond, 1997).

H§ 88842 tad 22 Afo 53] F&HA AgdET. AA, & 2 &
ol Tad A AR dEE A5 o] AAH T, A A8 3

A%, RANE ARgEe] Be 9ES PR 5 AP HPHoR 9T 1A

9%, A8 1474 Bo 9% S
A FAT & Ao FEFS VA= Z2aP ARE FHrtste Aeolth =
A, g EAHI Y 22 ado] Al (mortality) ¥ ol (morbidity) EFl S
nxe A%s &3=2 sh}eo @92 Jguua st ASolt o= ot %

s
Ao Az A% £9 Age FHdge] o Qe wE, o= s ae) 2

SEA AUt Qe AHlX

et

ohotAgo R ARe Zzadgel /Ee Zadel v uge Hg 744
Aw EdRe ofzre] bl SlE A%, wE J1E) Zzadel v ve mn
AW EE AYL AEAE 1 A3k Wbt A Qg AoE AnsE

2adoly ZlEo] MEHUS 45 vl HEEE E49 A7V 288 £
A7) wEel el o7t wr=Al HlE§aE 49 S g 2IHA deva

@A = $1tH(Drummond, 1997).



4.1. A3 A (valuing outcomes)

FA 0w
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—
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Figure 4. Concepts of QALY (Hunink, 2001)

$19] Figure 4914 H+=

Hom e 47} g

AR o/dS Ate AT Ttk o9 o] WAoE RIHHE 7
A EJ 4 (Qulaity-adjusted life-years, QALY)&tx gojstH, o33 22
74zt (Figure 5). AA, AAAQ DG E Hrigt 28, A3t

T3 S5 09 Abolell #AI8H7] WiEel, F 052k=

A7

el s gahe

el 2

=

nhel o] Alzbel] whel & -&(utility)o]
Az} F(71zhelghs F A WS <
s =9 xo a9 A= 1d Ate

=

-

o
=
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Lewved of healthy
related quality of life

Level of healthy
related quality nf!ll'-:

With imtervaniion
QALY galned

~

r -
-
i
-

-
Birth Diwration of life [years) L — Death

Birth Duwration of life (years) Desth

Figure 5. Quantity and quality of QALY (Evans, 1996)

upper: gain in quality and quantity of life, lower: gain in quality of life
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oel 72 B FolA A4 H E(rating
scale), 7179 (standard gamble), AlZF 3 (time trade-off) Sl 7Fg gzl A
€5 gled, ofF oW WS Jddsterte EAs A7 HFHoly A9
2} gkl th(Stiggelbout, 2000).
A3 (preference), & -&(utility), 7}X|(value)et= Tole 435 &8 5o Ho] A&
x

H3 9ot} o welE Aloldl WESAW £2F ozt Yk A3
1= 6

Bt
o,
L2 K
=2

d|

o
fri
toj
ofo
i)
Nh
R
o
o
=)
s
td
—r
bl
%
&
&
—
O
=N
[e)

St ATAES gREe A9 Agnayd o3 A%E B8% EU A
Z} skt (Hunink, 2001).

Table 6. Methods of measuring preference (Drummond, 1997)

Question framing
Response

method certainty Uncertainty
(values) (utilities)

1 2
Rating scale

Scaling Category scaling
Visual analogue scale
Ratio scale

3 4

Time trade-off Standard gamble
Choice Paired comparison
Equivalence
Person trade-off
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421. ¥4 FX (rating scale), HF FH X (category scale), A|Z3}
Z & (visual analogue scale, VAS)

o
T
=
=}

E

E= 20ecm®] Ap(Figure 7)o #A 45 Bt A% 55 1" £
A& she wgelth VASS &S Alzbel 1hds)
= A, 2ga 9 4 A Qe Foe 3ol Uk
I F5 Alo]9] Hl(ratio scale)Z ZHE= AL oYy AelS T3 F4o 2y

T ooty 7] WEel AT owmle] mgolzta & F itk

otk wekbd oldd A3 a0 ZTHI}EE AP (transformation) st BS WY

2E0] A¢EH Yo (Hunnink, 2001).

_26_



rasgimarlrle

(LIS T

healih simir

(L]

l

-
Waiermt i e el

b adily slale

Figure 7. Visual

Figure 6. Feeling

Analogue Scale

thermometer
(Hunnink,2001)

(McDowell, 1996)
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4.2.3. A7t 3 (time-trade off, TTO)
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Figure 9. Time-trade off (Hunink, 2001)
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So] AAHAL 7 wol AgHE WHozE A s FAZ
sto] 7hxE EES £EoE F/M7E Wuol Atk 53 VASE

=7
A7A=L tedt e F4= ol&sted VASY g TTOZ w#six &b
|

(i
oX,
=2

ry

U

=
fol
o
fr

TIO=1-(1-VAS)
(b: 1.55, 1.61, 1.81)

3 Torrance(19%) §& HEHF 7HX9 71EALY &8 Aolds tg
e BAZE ATkar sHATh

Utility = 1 - (1 - Value )’

(r: 1.6 - 2.3)
e AsE S4uWs Agae £t Qwdd el 29 A%g wad
ge ATEe] k. o]dd ATEel 5w AwHo W mE FEAo|

=2 &3, &+ A3E AHME AFBse 2T YHE EA3A Z=d(Bosch,

fof
i)
m
x

1996). 19961 Rz o] FHofo] H]& 4 $19(A Panel on Cost-Effectiveness
in Health and Medicine)E-< 1975304 1995 Apo] B]-& & 3}HE-2]-8 A]3)%t 85

Ao =R AED A7 A4 =E F 8%clA ATt Beke] mel 54 =7

TYS ARFTAANE 4 SHETEE U2 §89 S HAte AL o)y
2ol ¢&HA UAth(Dolan, 1997; Hornberger, 1992). wepx] R g o] H-§&
I EA Ad3dAe e AAEESAETE Adste ARTOE stuoldd
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4.3. A7} A< (health index)

, AR WEe
A elalsls] olele el gtk mebd AZelE we AFAEl vy M
] A

b

.

d O]

N

4 0Ed 53 A% £F BF OPES ASR0 o199 3y F uE o

H LA
E+ Health Utility Index(HUI), EuroQol(EQ-5D), Quality of Well-Being(QWB)
ol Atk ol FAHAETES £33 1A AF(health index) = THHZA A&
=7 (multiattribute utility measures)©]2tal $TH(Drummond, 1997; Petitti, 2000;
Hunink, 2001;. Muennig, 2002). AZ A= A3FES S5 9} 7} =
W ned g9 ge Aoz P5PHE ¥4 F X AL oFol

X t}(Figure 10).

—
',
a,,:r::-l.-" Healih siale
classification | — - Descriptive
/L\ gueslionnming o

Patiant

.l__.-"‘f

Foarmula — Lhility

560 50
0 0

Aefarence
population

Figure 10. Components of health Index (Hunink, 2001)
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4.3.1. Quality of Well-Being (QWB)

QWB-2 1988 Kaplan and Anderson ©l 93l 7/I'#E == Zol (morbidity),
A% &5 (physical activity), AF3]Z  ZF(social activity), 4 2 &EA
(symptoms-problem complex) 5 47} Sl Frisit) F
< A7 oA Jhe EFS A9 B¢
of FsteiA deh(F52 ). F2 A4, GAUEE Tl wol AREH 3l

on, 53] 134 w3t SHo| #8383tk (Muennig, 2002).

O>
)
Hd
2
AN
)

4.3.2. Health Utility Index (HUI)

HUI= I, 11, 1T 9 371#] ez @A, 7FE 2o /g™ HUI lI= &
7] (hearing), }.7|(vision), Z3}7](speech), ©]&“d(ambulation), <% 2} (dexterity),
7473 (emotion), ¢1A](cognition), F%(pain) 52 87}x =Wl AZFFFE H7}
ool SHer SHE Fee AAE HAx U Ve AY W o &

At Hed, 53] 71EAY ol ZAste s dvs HelAd &
o ATASo] HUI S A5aty Qo Ea Br), 7], 2at7] o

o
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4.3.3. EuroQol (EQ-5D)

EQ-5DE 1990 EuroQol 1&¢°] 93] 67}A =WHo|A Hriste &3 = /=

o]F dAl= Aell(morbidity), A4l =X 7](self-care), Y& (usual activity), &

% % EA7H(pain/discomfort), &3 F -$-E(anxiety/depression) T 5714
Aol A 58S Brist 24 S9HdE S A EA7F fioh/ ke &A1 Q)

t/Eed BAZ AT A 7R @A ool met 243749 Afsd A%
b ge® 4 9n, oo 3 942 AN ErbehE & 24579
ARFFol JHsdtt EQSDE AtmEWe] s Feow HasEw, S8 &

stl7] wiEel 54 A7dEHC E A gE el finh weEbq il
EdA B8-S SHstA Fobd v=elA AdE

EQSDE AHsHE 2ol % Hgshky @ 4 ArkMuennig 2002). E4, 573

Eyvit A35ES FHse PR GRtk(Table 7). & A AYFE
2 YU A2 e 9oz Fosy] mEelth AA, ZP=TFri
99 AZ5FES Ao ABFE FHo| B2k R2 FF)

Webd 5§ 42 93 oad Y =7F olgse A%l shte] =7u



Table 7. Principle concepts and domains of health-related quality of life contained in general preference-weighted instruments for assessing
quality-adjusted life years (Patrick, 1996; Gold, 1996)

Instrument
oowert NN mewn g (SRR el g Gty oI Gy oL e
ark I Mark IT Mark III

Health perception * % *% * %
Social functon

Social relation *k *% x

Usual social role *k *k *%

Intimacy/sexual function

Communication/speech * ok * % * %
Psychological function

cognitive function * % * % * %

Emotional function *k * % * % * % *%

Mood/feeling *x
Physical function

Mobility *% *% *% *% *% *% *%

Physical activity *% *% *% * % *% *%

Self-care *% * % * % * % * %
Impairment

Sensory function/loss * *x *x

Symptoms/impairments *x *x *% *% *% *% *%
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5. J1F 9% o] 4] (Cochlear Implant)

Wolol vl @xfo] e Bl o= 2gE AR FABE 53
of 5 Ao 5 FHE AR} ALHA = 9

- AustA netd g FANE g 2L AEE AX 29E AL
(Figure 11). Wahx dutd] BHY 7|2 =& 9S ¢ gle HEAM E(hair cell)7}

£ A%, AFHTE oMY FuAm

i
X
x
&2
kl
B>
Ac)
i
i
o
4»
¥2
;1

(Cheng, 2000).

Agustic r M. Behind-the-sar microphaone: - & . Extarnal procassaor: modify,
gound  —— . convert into electrical signals v ' delivery
| |
Electioges Implanted in the - N Impdanted & ! 1 tasmitter
gcalar lympani of the COChBAN ™., — receliver St . R
Figure 11. Pathway. of sound in cochlear implant

r (

A AF= A AAHSZ 20,0004 ] A} Lot} o]Ag Wttt
(Niparko, 1998). ¥]=r2] 7% AJ91& 19854, 24 o]4Fe] Aotol thai = 1990
o FDACIA Flo] Har, HZole 1 H8 A"l e/fd7HA S d o
ol Ax 1 o]do] Frtstal dth(Cheng, 2000). #I2]7](processor) ¢ =
(electrode) 7]=¢] LE=E A3 Z7]d< & /o AFo=2T FAHAA AT}
7} #Holl= 16(Clarion by Advanced Bionics), 22(Nucleus-22 by Cochlear
Corporation), === 24(Nucleus-24 by Cochlear Corporation)7] 2] d=o] A==
s 7led] el w2 ad= v SUkstal ok
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Cochlear implant
11 center)

| |

[-Llhliry rrmaﬁl.rermam] | Cost measurement J
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- [_ Sensitivity analsysis J

!
[ Cost-Litlity ]

Figure 12. Method of study

oy

-
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deto] 7153 267

>
tlo
ji=3
K
o
2

% (post-lingual deafness)A} F 139495 ©

4) H Y Fa7F 90db o]Fd B¢
5) Nucleus-22 (Cochlear Corp, Englewood, Colo), Clarion(Advanced Bionics,
Sylmar Calif)
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Mg £E A UG, £E UG, £ F OIS S met 4 oug 7Y gEe
4ol @ ¥, AP0 A1Be) ARES /2 s AEsle UES AA BEUE

s
Sourca of waluation

] Experl opindan
’ *\. =  Publishad
| Preoperative costs |« Chasges
Institutional basad i ] l
sccounting | | Operativie cosis Im Tatal costs
B B
[ Postoperative costs | —
Figure 13. Measurement of costs
e A HES QY MuH, Y 9@ AR 59 A HE T8 ZeAA,
Fe HEL2 FEre Jdn], AFes 714 vlE, dHF EAA X8 HE F
¢ TP £ F LS £ F 1A AT WEn Y 2 WA
H-E, < & FA 5o DSt vtdlg] wA H&3 Jadol= HE, 7|4
Fo AY gL TFHAT AT NBAM T Hol ANE A2

A&k 71AI B Al A

(Summerfield, 2002), 71AI7} 13¢d &5

ATAI AL dadelEs
nith o] FojX e Ao e

71 A5 (Harris, 1995; Palmer, 1999;

Cheng, 2000; Stone, 2000; Summerfield, 2002)1 A A}-&-3F 53% 5 ©]-8-3} T}

6) 2+ AT FAe] 71t o ¥ (expected life year) A&
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2 AH 243 TTO % 0613 713 2354 tH(Table 8, Figure 15). wakx A3}
o QALY % HI&& & HIE AN wi= VAS'Y 58 HFE dPstAIS). SGL
FEo|E9 M 7 I FHAE EFSt AFUdAANA B84

I g5 AEE oldiA7IZIZE A &AL, AlZko]l Bol 28HE HoE o AT
oA A elskAt.

Table 8. Transformation of VAS (postimplantation)

VAS VAS! VAS? VAgS® TTO

0.74(0.64~0.83) 0.63(0.46~0.76) 0.60(0.45~0.75) 0.57(0.42~0.73) 0.61(0.43~0.79)

Mean(95% confidence interval)

S' . b=1.55, VAS® : b=1.61, VAS® : b=1.81

70 ¢
.68
66
64
.62
60
.58
.56
54
52
.50

O O OO0 O O o oo o o

VAS1 VAS 2 VAS 3 TTO

P ostimplantation

Figure 15. Comparison of transformed VAS and TTO (postimplantation)
(VAS1 : b=1.55, VAS2 : b=1.61, VAS3 : b=1.81)

AN

gHz S4 =7< &8AFe vEaE Ao #Ag £ FS Tt oy
A et et HA5HA, A2 HER
o] AFEHE =< HUI, QWB, EQ-5DE ©]-83}%1 th(Harris, 1995; Palmer,1999;
Cheng,1999; Cheng,2000; Summerfield,2002; Macran S, 2003). $]¢} #o] 44
BE&S ol&st] Z+ AFURAY] VdAge] mE ARAY PEZIF(QALY)E Al

A% T Wg-ag S ARG NG B 3% FALL AgFAT

olX
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8) olF 9] VAS M4 & VAS (b=1.612 TTOZ A3 VAS HF)E on s}
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Table 9. General characteristics of respondents (N=11)

L Respondent

Characteristics Mean=® 38D, Frequency (%)

Age 49.6+10.9
Family income (10,000 won/month) 341281
Gender Male 7 (63.6%)
Female 4 (36.4%)

Education < High school 4 (36.4%)
High school graduation 4 (36.4%)

College graduation 3 (27.3%)

Marital status Married 9 (81.8%)
Single/divorced/widowed 2 (18.2%)

Occupation Yes 9 (81.8%)
No 2 (18.2%)

Age at onset of deafness, v 33.4+16.6
Duration of deafness, y 17.2%+12.0
Cochlear implant use, vy 5.6+4.8
Origin of deafness Unknown 9 (81.8%)
Chronic otitis media 1(9.1%)

Ototoxic drug 1 (9.1%)
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. HUI= 029 HolA 065 Ho=Z Hit 0.36%°], EQ-5D= 0.5200 4

1
0.262] &-8°] 71599 QWBS 045014 0.612 Hit 0162 d8&0] &
TH(Table 10, Figure 16). 47} SH=TY &8 -2 0.28(0.23~0.33) o] 2 1
T2 paired t-test A3 4708 5 = EF o4 A F a8 Wit
EARoz o5t st Hg &8 =71 9o AFuldAE wWaE EQ-5D9
QWBAl A Z+7} 298 (18.2%)°] &&°] HAstAaL, UmAls EF &8
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Table 10. Health utility scores using 4 different instruments

Instrument impllajl?l?c;tion implgr(ljtseil:t_ation Gain(A) p-value

EQ-5D 0.52(0.34~0.71)  0.78(0.58~0.98)  0.26(0.07~0.45) 0.0250
HUI 0.29(0.16~0.42)  0.65(0.55~0.76)  0.36(0.19~0.53) 0.0020
QWB 0.45(0.30~0.60)  0.61(0.47~0.75)  0.16(0.04~0.28) 0.0282
VAS* 0.27(0.18~0.11)  0.60(0.45~0.75)  0.33(0.20~0.45) 0.0004

Mean(95% confidence interval)
p-value: paired t-test

% © transforming the VAS score (b=1.61)

9) transforming the VAS score (b=1.61)
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Figure 16. Health utility scores using 4 different instruments
(Mean * 95% confidence interval))
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Figure 17. Retrospective health utility scores with cochlear implants ( <>: mean)
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2 o]a A% WHE vl paired t-test A3 E7]

37t AR

7holl 71t it wh ol F A I Aoy 5 &9 Agole ol ¥ a8 A
o

7} A8t th(Table 11, Figure 18).

Table 11. Health utility scores using HUI

Instrument ifl;antation ipsl:;ntatation Gain () p-value
Vision 0.99(0.98~1.00) 0.99(0.98~1.00)  0.00(0.01 ~-0.01) 1.0000
Hearing 0.68(0.63~0.74)  0.87(0.85~0.90)  0.19(0.26 ~ 0.13) 0.0002
Speech 0.95(0.90~1.00) 0.99(0.97~1.00)  0.04(0.08 ~ 0.00) 0.0870
Ambulation  0.99(0.97~1.00) 0.98(0.96~1.00) =-0.01(0.01 ~-0.02) 0.3409
Dexterity 1.00(1.00~1.00) 1.00(1.00~1.00)  0.00(0.00 ~ 0.00) 1.0000
Emotion 0.81(0.70~0.92)  0.95(0.91~0.99)  0.14(0.26 ~-0.03) 0.0357
Cognition 0.99(0.97~1.00) 0.98(0.96~1.00) =-0.01(0.02 ~=-0.03) 0.5884
Pain 0.96(0.92~1.00) 0.95(0.91~0.99) -0.01(0.01 ~-0.01) 0.3164

HUI 0.29(0.16~0.42) 0.65(0.55~0.76)  0.36(0.19 ~ 0.53) 0.0020

Mean(95% confidence interval)
p-value: paired t-test
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Figure 18. Health utility scores using HUI ( : mean)

3. AX A A= ¥4 (QALY)

A7 gA ALY 7y vid 3%9 ALS AHE3te] A Hit
QALYE VAS7} 1.16, HUIZ} 1.28, EQ-5D7} 0.91, 2231 QWB 0.559] 2{th(Table 12).

ol

Table 12. QALY using 4 different instruments

Instrument Gain of utility(2) QALY
VAS 0.33(0.20~0.45) 1.16(1.18~1.17)
HUI 0.36(0.19~0.53) 1.28(1.27~1.29)
EQ-5D 0.26(0.07~0.48) 0.91(0.91~0.91)
QWB 0.16(0.04~0.28) 0.55(0.55~0.55)
Mean 0.28(0.23~0.33) 0.98(0.66~1.20)

Mean(95% confidence interval)
Discount rate: 3%
No, of year in QALY: using expected life year
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Table 13. Direct costs of cochlear implantation (2002, won)

No.of Cost o

Variables Years (1000won) °
. Out-patient hospital o
Preoperative payment (4visits) 1 6 0.4%
Audiologic & radiologic o
evaluation 1 678 2.6%
Operative Hospital & surgery 1 3,000 11.3%
Cochlear implant device 1 21,000 79.1%
Medical complication { 1 50 0.2%
Rehabilitation Rehabilitation 1-2 112 0.4%
cost Audiologic follow-up 1-2 36 0.1%
Post- Battery (10/vear)
operative attery year
lifetime cost Devide failiure(1,200/freq) t 1,589 6.0%
Processor upgrade(6,000/freq)¥
Total cost 25,561 100

o°

: minor(3%), major(6%) (Wyatt, 1996)
T actual cumulative failure rate was 5.3% (Cochlear Corp. 1997)

¥ : include every sixth year (Summerfield, 2002)

Discount rate: 3%
No, of year in postoperative costs: using expected life year
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5. H]-8-8-8& H] (Cost-Utility ratio)

ol A 3% ERAEH 7HAE S o] &3t AAE QALYS Hl&& o83t A
2Fel W88 8 Hl= VASO ¢ $19,223/QALY, HUI+= $17,387/QALY, EQ-5D+
$24,604/QALY, QWBE $40,474/QALY©] 2 tH(Table 14, Figure 19).

Table 14. Cost-utility of cochlear implant using direct costs

foment MY gty Clgamn
VAS 1.16(1.15~1.17) 22,887 19,223
HUT 1.28(1.27~1.29) 20,690 17,387
EQ-5D 0.91(0.91~0.91) 29,297 24,604
QWB 0.55(0.55~0.58) 48,169 40,474
Mean 0.98(0.66~1.20) 30,255 25,424

Mean(95% confidence interval)
Discount rate: 3%
No, of year in postoperative costs: using expected life year

Coochimar impkanil HUI

Cochlear implankVac]

Canzhie ar inpkankECG-50)

Cochiesr impland CraEl

]
| | I
= JI P E R R P LA R R R L
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Figure 19. Cost-utility of cochlear implant using direct costs($)
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T B4 dne o % 159 2k g2 HEEY] Wl wE v
¢ v warRg NPzl wE Wyt Zed, ot F A wE F Hu%
AE7F 121 Apolol] MAstE HG-o]7] wiEol ElE wsto] wet F H&o ¥
ste 34 ¥ v, 88 5 QALYS W= v 217 wEolth

=

Table 15. Sensitivity analysis

Range of Cost utility

Variables base case estimates ($/QALY)
VAS  Dbase case 19,223 - -
utility 0.33 0.26* 20,414
cost 25,561 25,002+ 18,104
discount rate 3% 0% ~ 5% 4,617~28,162
HUI  base case 17,387 - -
utility 0.36 0.34% 17,688
cost 25,561 25,002+ 16,366
discount rate 3% 0% ~ 5% 4,174~25,459
EQ-5D base case 24,604 - -
utility 0.26 0.22* 25,613
cost 25,561 25,002+ 23,160
discount rate 3% 0% ~ 5% 5,906~36,027
QWB  base case 40,474 - -
utility 0.16 0.10* 44,999
cost 25,561 25,002+ 38,098
discount rate 3% 0% ~ 5% 9,715~59,265

* . median estimates of utility change
+. exclude lifetime costs

_50_



Z

A5A 11

Jo A 1990 d F-E 200213 7FA]

ivd e

S
pul

SR

o]

Fod ofef 7HA|

S

dES UdoE

3
“

el gAY

vl

g

BAE o

4 o

AP F7h 1B o2 AFS ol

Itk 2Ey ¢

[e]
AR

el

F45YE T

SHA|

gol 7=

hes

@ welest BojA Ay 14

2

o] o}

TH(Cheng, 1999; Cheng, 2000; Summerfield,

ol A Qgets o4 Bz}l o]

g

o, 3%l 2

=]
i

o

A7 2

A

71

ol

3

2002).

Zpol7t fivte Har

Atk 18 o}

3

P
T

s

o

RS

o

B

RS

ot
o
!

]

mJ

o|J

L
R

74Hel wgo] 2edth wepa o AF

o, AT A= B ol Azt

7]

S

)‘\l,

vl A

_51_



o, o]2 9&) FEnLS ¥IEA L3 HE £ JRE

B2F & gk

H =

o
K

flo

2
g
AN
o2l
ki
-
il
o
ofo
ol
£
toj
ofo
tlo
ol
NS
ol
n)
i
j-ﬂ
2
}o{.

= JhRQ1e Abar %A
S AXA Dk oled WSl £34H9 o|2o| sxste] ALHIE 39

g E e FUed Bu A% Zuss 9¥@ wdel du. wepd o

o

oo
Lo

=
de A Fe Aol FHE mLo] AP F A$ Aoyt Y £

<
2 7132 QA &uE ZARY AEH-EE Algre] ARUMH| o) we oJ3k

tlo

T
N

4,
)

>
2
X,
M
o
ot
1>
S
i
A
-
)
52
rlo
o2
o
tlo
N
+
X9,
u
R=)
)
>
rx

o] TA3A GAHEE A Folsof 3t} npxo g FLo|E2e A A

sl A AA SHA

_52_



2. A7Ade g &

O SA=T o3 58 S7h= QWBO 4§ 016, EQ-5D2] 7% 0.26,
VAS®] A% 033, HUI®| A% 036003 ©] £AxtE &8¢ Wat J=rt 2
ANA SAHAETY HE 8 F7le 0282 AQlolA ATt ojd&E=E A3 H]
£58 A5 v A%< 0263 HIS52389tHCheng, 2000).

gy SAHEFEEE HUIY 3% 0.204(Wyatt, 1996), 0.20(Palmer, 1999),
VASS] 7% 0.23(Summerfield, 1995), 0.304(Wyatt, 1996), QWB2] 7Z-%-ol&
0.072(Harris, 1995)2 ©] <7< AxHtt §8&9 F77F ZAdrth o]
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HULS] 58 37kl =71 @90l 58 7kl 78 B2 71948 stlv= o &
T AL ol 2AE A AT & 5 vk

9, gard Aael A Q1geks o4 F 29

o EQ-5D = QWBS] A= o)A Fof FF 9

& A7k solly] mEolglth HUIS Ao T8 2 tio] A7l

S7Hgel e A7tede] Asi olgd 5 A7) 5| Asprh 1 ARlelE
Ao g AzteAn. welr 53 Hit o4 7Izke] 11 3

T B8] S7F ol =FEZ QIF A7 Feje] wshrt 589 wste] IS
9

AE ou7t vkl A o] AFelMe 7] s8] FEe =8 €7 T
o g A3 A HErh vl ST

H 888 MYl VASZ} $19,223/QALY, HUIZF $17,387/QALY, EQ-5D7}
$24,604/QALY, QWB2 $40,474/QALY °]{t. == H|E&F& HE 7|E
A9t Hlw1g A= Figure 207 Zth HUIY 4% $18,112/QALY(Wyatt,
1996), $15,675/QALY(Palmer, 1999), VASe] 79 $15,386/QALY(Summerfield,
1995), $10,234/QALY(Wyatt, 1996), $8,631/QALY(Summerfield, 1995), QWB<] 7
2ol $36,962/QALY(Harris, 1995) & o] ¢l Az}s}t 2jol7l =ZA] gkeh. =
1 AEHE71(334,836/QALY), S1& F5¥7H($59,292/QALY) ol wlsh v
“v]-&- a7} A7 o] A TH(Harris, 1995; Summerfield, 1995; Wyatt, 1996; Fugain, 1998;

e

Cheng, 1999; Palmer, 1999).
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Quality of Well-Being (QWB)
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WEY (Time-Trade Off, TTO)
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ABSTRACT

Cost—Utility Analysis of the Cochlear Implant in Adult

Lee, Hooyeon

Dept. of Public Health
The Graduate School
Yonsei University

(Directed by Professor Eun—Choel Park M.D., PhD.)

Context: Prior clinical studies have indicated that cochlear implantation

provides benefits to individuals with advanced sensorineural hearing loss
who are unable to gain effective speech recognition with hearing aids.
Barriers to the use of cochlear implants include device cost, difficulty
assessing benefit, and lack of data to compare the implant with other

medical intervention.

Objective: To determine the quality of life and cost consequences for deaf

adult who receive a cochlear implant.

Design: Cost—utility analysis using preintervention, postintervention, and

cross—sectional surveys conducted.

Participants: Adult recipients(average age, 49.6 years) of a cochlear

implant from 1990 to 2002(n=11)
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Main Outcome Measures: Direct cost per quality—adjusted

life—year(QALY) wusing the visual analog scale(VAS), health utility
index(HUID), EuroQol(EQ—5D), and quality well—being(QWB), discounting costs

and benefits 3% annually.

Results: Recipients had an average of 5.6 years of implant use. Mean

VAS scores increased by 0.33, from 0.27 before implantation to 0.60 at
survey. HUI scores increased by 0.36, from 0.29 to 0.65, EQ—5D scores
increased by 0.26, from 0.52 to 0.78, and QWB scores increased by 0.16,
from 0.45 to 0.61. Discounted direct costs were $22,320, yielding
$19,223/QALY using the VAS, $17,387/QALY using the HUI,
$24,604/QALY using the EQ—5D, and $40,474/QALY using the QWB.
Cost—utility ratios using VAS, HUI, and EQ—ED were below $25,000 per
QALY except using QWB.

Conclusion: Cochlear implants in post—lingual deaf adult have a positive

effect on quality of life at resonable direct costs and appear to result in a

net saving to society.

Key words : Cost-utility analysis, Cochlear implant, Quality-adjusted life-year,

Visual analog scale, Health utility index, Quality of well being
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