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Abstract

Objective: To evaluated the cost-effectiveness of screening for diabetic retinopathy in type Il diabetes
between using direct ophthalmoscope and digital fundus camera.

Design: Prospective comparative study.

Setting: Diabetic patients from Surin province hospital and Prasat community hospital in Thailand.
Participants: Total 845 diabetic patients (1690 eyes) 424 patients from Surin province hospital and 421
patients from Prasat community hospital, were included between September to October 2004.

Outcome Measures: Sensitivity, specificity, unit cost and cost-effectiveness were compared between the
different methods of two hospitals with the gold standard.

Results: Of the 845 patients (1690 eyes) 424 patients (848 eyes) from Surin province hospital and 421
patients (842 eyes) from Prasat community hospital, the unit cost was 729.40 bath/person in digital fundus
camera (DFC) and 63.96 bath/person in well-trained nurses with direct ophthalmoscope. The poor film rate
from DFC was 10% in non-dilated pupil and reduced to 2.4% in dilated group. The cost-effectiveness of DFC
in Surin province hospital and Prasat community hospital was 2707.27 and 4758.16 baht/person, 186.02 and
143.44 baht/person in well-trained nurses with direct ophthalmoscope respectively.

Conclusions: Screening for diabetic retinopathy with direct ophthalmoscope in well-trained ophthalmologic
nurses has more cost-effectiveness than DFC when compared between two hospitals. There has no clinical
significant of sensitivity and specificity between two methods. Thai J Ophthalmol 2009; July-December
23(2): 105-115.

Keywords: digital fundus camera, diabetic retinopathy, cost-effectiveness analysis

1

Department of Ophthalmology, Prasat Neurological Institute, Bangkok.

> Department of Ophthalmology, Surin province hospital, Surin, Thailand.

Institute of Medical Research and Technology Assessment, Medical services, Thailand.



106

Thai J Ophthalmol Vol. 23 No. 2 July-December 2009

Original Article/Gwuscuauu

N1SANE uJ’%e:mﬁe:m?iuvguUsfm%na
n1sAansadlsAawId19eUss Wmanlu
é’ﬂ'ammm'msuﬁﬂﬁ 2

AHNT AL AR, W.0.

Uszan fundsznn, W, wfigsh Ins “nd, W,
VWIYAT agm%’muiﬂrﬁ, MA. (WAnE)’, 1@ 378, W

UNARED
Taqusz of: tieysiiu funu-Use “nBua (cost-effectiveness) m3dansaslsamudeeysy menlugie
W usiiad 2 Lﬂ%smLﬁﬂm:mwamiﬁﬂmaﬂmﬂwmman"nﬂﬁﬁ’ﬁmamﬂuﬁuﬁimﬂ%’m%mﬁa direct ophthal-
moscope AuUNIAANadlaslfndavdirsnwianea
35n15298: N13IFYIVY prospective comparative study
A5 é’mmiamuﬁwdmmwLLa:‘wmmanmﬂﬁﬁﬁdaméumiﬁnmL%'uﬁwmic»"fﬂmaa@’ﬂm‘hﬂmemiz‘wdw
Weufiugoufvganan wa. 2547 Tulsawenna 5uns uaclsewenunagumudse mlaeidihennauazlisunms
fenwaalsy ﬂwmﬁazms‘immﬂmwﬁﬁmaaﬁmuwaiﬂﬂé’nguwwﬁ A579A6e direct ophthalmoscope TAENENLNR
A uNsRnausuFusIRnem wazazldsumanTianisastsy manlasldia3aefia indirect ophthalmoscope
Tosdnuunndluiuiitiaifiu gold standard
NANTIANEA: vfﬁﬂmmewuﬁlﬁ%’umiﬁmmmﬁhmuﬁy’owm 845 AU (1,690 A1) NLIWNEILIA FUng T
424 AU (848 M) LLﬂ::INWEJ’]]J’Wﬂ"I;N‘ﬁuﬂTJ M IR TunTIu 421 au (842 A1) T@ﬂﬁﬂ”uvgumsﬁmmmﬁw
nNApIAINER 729.40 U W/AY LazfanUaTURTR 63.96 U /Al MIteamasdse manlagliveeainum
Wu3d poor film rate ¥away 10 WialdumeanvenaiiunIndIBazNy poor film rate WwiRauiavdasas 2.4 was
mél’uv;uﬂ‘z::“m%wmlaam‘smwﬁmmaﬂmﬂ%’né’mﬁﬁmaa 2,707.27 UW/AY UAE 4.758.16 U /A TUlSIWeNLIA
Juniuazlaoneuiads menusau dunuuss “Bnazesnisnsiedanaslasnenansiiinieen 186.02 um
/A uaz 14344 v/au Tulsewenuia Sunfuaslsonsinas m ausey

5UMs33e: annsdnenuitdunuds: “BnazesnsnadanssslasnenuansUiiinemdniininsialay
Tindoopamoalutie olsewenuna laafien sensitivity was specificity laiuansnaiuis a93a BT 15 2552;

NINYIAN-5UAN 23(2): 105-115.

T onaneuEaneingt  andudse wminen NSNNITUNNE NTTNTAI 151508 R

2 nzg;m'\uﬁ'nq’inm Tsewenua q%uw%' NSENTN 15150 T

 anfuddsuazyssiiiumalulad nsNnISUENgG NIENTN 15150 R



Cost - Effectiveness Analysis of Screening for Diabetic Retinopathy in Type Il Diabetes

uni

wvnuiulsalifasied dylsanilsvatszing
finsvszanainfifioswnmuludsenalneyszann
2-3 §ueu waziu wve Azesms el e
(DALY: disability adjusted life years) tfJudusu 5 Tu
wame (3apay 3) uwazdudu 3 Tuwavds (Fouaz 7)
TaeAn disability weight Wity 0.254" u AITARINW
FAnfianasio¥ouar 25 Fenzunindeuveslsadl
wmmLﬁmﬁu\lé\’[uLLmunnaiﬂa:maoi’WdﬂWH Tasamey
finemn FenaliAnnciizondt “wmnuidnae
152 A (diabetic retinopathy: DR)” %\‘lLﬂu ¥
299muansusy adlulszimalnesasanlsadianszan
INNsAnEusgd aeudu Uszina vigaidm
(The Wisconsin Epidemiological Study of Diabetic
Retinopathy: WESDR) wudﬂunf\jmjﬂammmmmﬁﬂ
i 1 Foufumuiundt 15 U $euas 3 asA1UDR waas
dinduifiusosas 12 fufulsaumundt 139 wlungu
wvustiad 2 avanvealdiviaay 7 fuiulsauiu
20-24 1° m‘s*?ivﬁﬂammmm”mfﬂ il
RNVRY W0 nsuateTarenaAuTe idn
_mulugnaiflasannlsadionszanwieilifaneantujuem
Wipaadsy maAnUnAINWIY BeiSenduiali
WU wasL “udsr wmenRaun@ (optic neuro-
pathy) “NWuSiuszeziiainaaiulsm aaUse men
AavnfAaniuvinuazlinueinislussezusn 8113
mﬂ’nuﬁm"ﬁu’[umwﬁoLﬁaﬁ;m%’umw (macula) l§5una
naznuvihlimsuanas wuingihewmuisng, “es

semsmuen_snigiliduie 25 v
Tagadsnuinmzimudafedulseann
Sapaz 20 ‘[mﬂwumﬂﬁmqmé’umwmu (macular edema)
wazMsiaL “uldandaniund (proliferative diabetic reti-
nopathy) U 1wgdiug Pp9n1sNadLEufianaelu
Yszannsievieniidiuunmnu®® d9 1snsalinisine

16laelHu giaiwe5 (laser photocoagulation)’®

¥
avsanwuluszazusnaslaanissnenazamuiiaeniiuas
wennsaflsnesiindlunguiiiennsannuasifussasing

10-11

2p9l3A (late stage PDR, tractional retinal detach-
ment)

Wasannnssnslussezusnrasnisiialsaiun

wudeedsy mandu Wuila wlunsanniy
musalufinowu dnfululsema wigaiusn
Tﬂmmumi@LLaﬂmﬁ’umdmﬂu@ﬂwme.nu (preven-
tive eye care programs for diabetic persons) Iﬁgﬂ
\ uBlaY the National Eye Institute’?, the Centers for
Disease Control and Prevention™ LLag the American
Academy of Ophthalmology™ lagn1sns199alse m
mmni‘]‘iu@’ﬂwLUﬂwaﬂuﬁﬂ'alsjﬁwawﬁ ndiaayse men
aglafimn ndsand lefinisivuslysunsanisnga
apU5e W Watlasiunizauananlsaumiu
99U5y W@ WuIRs UMM (compliance) AU

Hwe ogludaeszniviosar 18 fviouar 65 Lady

dszanuiaeaz 50 Winiu'™®"

Tu 9 aa 1993 Buinsldndasddnea (digital
camera) ¥ENENMRBLTE WA iBNIARNTBIRLY
18-21

WU aUsE Men FoRdamniindaslnwan-

(%

T986% wazANTANIINdoeN IFNaN 35 NaRLNAT

23-25

= @

Nl lusdn dafvasndasianaatife 1wsaLiuniwdi
Indvosndavmaniiamesld  tansnglaviuiilaslides
daflanneu AanueANda waz 1N190 '\1°ij’a§amw\lﬂ

Usnnfuunwndgisannald (telemedicine)”

1150
denmasysy wmanlaglidasvenesinuald Taene
NOBHNIAANTOINILILIIUEREUTE Me W19
nseinldlaensinenwAineaainndavinsnwiinea

a

wialsifiosneesinum usnisliinsesiadonaidlung
IR sonsUszndldluneneesdstimadndos
Tasumsfneufisdnusnaninsdansadlagliyaains
Tuviesdl 11y wwndvdewenunansujiamly Safudn
madenvilslunsdumiihawmnudnmselnsiie

RG]

7 Auasitng

AucATuliTnn1sausNt1amAlat B TN LAY
weNanTUR feusumside Baihmsdansesiiloe
Tsawmmusswiifieuiuensu &9 aa1AN WA, 2547
Tulsgwewia Sunssuau 424 au (848 A1) ua
Tsswpnunagnsudss m fmin Sunfsuau 421 au
(842 o) Tasiigiheynauacldsunansadod

1. l§Sunsdrenmwastsr men leswe3asdns

107



L aa 4 a g a a av €
108 ANWT L 33AR, UILIU Aunszn, NNeSh I‘Wﬁ A,

uns pguinuled, 1By 393dad

MwRdnaail laiFagnuneTEEsIUAT (non-mydriatic
digital camera) iq'u Kowa Vx company. Ltd. Tokyo,
Japan laggananmwiiniun1siinaususnuds thaniw
U 45° w1 awsean ynawlidaaslEsu
mMItenwBnASMAMEEALITENENUIUAT B UNALAY
Inyunnd

2. 1#5Un15m97998U5 MUAIINVLBALIN
(tetrecaine eye drop) LLaz81VEUNIUAN (1% tropica-
mide) NAIAIMNIUANDEY 9LATIIANGIE direct oph-
thalmoscope IaemenuagiunsiinausadmunizsUjin
NNATNILAD

3. l§fumsnsranesstse manlaglinIasile
indirect ophthalmoscope pnasanfumsly slit lamp
WAz fundus lens (+90 D) Tﬂm“fm:guwwﬂuﬁuﬁﬁmﬂu
gold standard Tun1s3fiadegiaswnnanudam

fheynauecliisunisinscay Temuazranw
fum (Intraocular tension) ipdnnsadlsasiafiu way
fianszan

MsuUgIEFUTadlsAmIUENAAN Interna-
tional clinical diabetic retinopathy and diabetic macular
edema disease severity scales (Wilkinson CP, Ferris
FL Ill, Klein RE, et al. Global Diabetic Retinopathy
Project Group) Tagfiséiu dofl

Grade 1 no DR

Grade 2 mild NPDR: microaneurysm (Ma) only

Grade 3 moderate NPDR: more than just
microaneurysm but less than severe NPDR

Grade 4 severe NPDR: more than 20 intra-
retinal hemorrhages in each of 4 quadrants, definite
venous beading in 2 quadrants, prominent intraretinal
microvascular abnormalities (IRMA) in 1 quadrant
and no sings of proliferative retinopathy

Grade 5 PDR: neovascularization on optic disc
(NVD), neovasculization elsewhere (NVE), preretinal
hemorrhage, vitreous hemorrhage (VH), and tractional
retinal detachment (TRD)

macular edema (ME): retinal thickening within
2 disc diameter from macular center

NPDR = non proliferative diabetic retinopathy,

Vol. 23 No. 2 July-December 2009

PDR = proliferative diabetic retinopathy
Qﬂmﬁmwwu grade 4, 5 %39 macular edema

%@ﬁ‘fmﬂunﬁju sight-threatening diabetic retinopathy;

STDR azgn sUSnwdnuunndifianissnusialy

aAN13398

meaduwvudneluszazaneg laeld DFC
wazweIUanBU AN eI BuLisuUN19099998
132 WMAA2E indirect ophthalmoscopeIﬂﬂﬁ'ﬂ‘kgLLWVlElg
Fedoinfuanasgiu Taaldlsunsu SPSS version 115
Tumsmen sensitivity, specificity, positive predic-tive
value, negative predictive value, likelihood ratio g
fmunulaeldn1319 standard 2x2 contingency

aldanelunsnsadansssusiaz il gsmeld
VDI ANBAIN AINADIEIBANW ANEATIT AEN
Anasaviiasng Adasldlunisdansasiuudazds

NAaN1IANEN
@’ﬂaﬂmwmmﬁﬁﬂﬁ 2 (DM type 1) l§i5Un130999
spdsr manlulssweuia 5uns S1uau 848 a1 424
AU 218 93 AU e 331 AL D1YRAY 56+10.27 T uay
Tulsaweuaguzulss W 842 a1 421 AU 318 86 AU
wiv 335 AU B1YLAAE 55.95+9.731 T famaned 1 uaz
@1 technical failure rate LLas poor film rate AYATTI

al

n2

ﬁ'ﬂnia\ﬂﬂﬂﬁ'ﬂgtmwﬁ (indirect ophthalmoscope)
Tsswewia 5ung {7 no DR 660 1 (Souay
77.5), mild NPDR 51 a1 (392a% 5.7), moderate. NPDR
101 @ (3888 11.7), severe NPDR 26 AN (3988 2.9),
PDR 10 a1 (3ppaz 1.1), ME 43 @1 (3auay 5)
Tsewenunaysn m #1218 no DR 544 ;1 (3p8az
64.6), mild NPDR 162 a1 (398ay 19.5), moderate
NPDR 74 a1 (38882 9.0), severe NPDR 36 A1 (398a%
4.4), PDR 16 a1 (3apay 2.0), ME 27 a1 (39uay 3.25)

Annsavlagndssdisnwasydse men (DFC)
Tsswewna 5ung §ihe no DR 645 o (Souay
75.4), mild NPDR 29 g1 (3888 2.8), moderate NPDR



Cost - Effectiveness Analysis of Screening for Diabetic Retinopathy in Type Il Diabetes 109

Table 1. Characteristics of each screening site

Surin province hospital Prasat community hospital Overall
Mean age (SD) 56.0+10.27 55.95+9.73 55.97+10.00
M:F 93:331 86:335 179:666
Prevalence of DR (eyes)
No DR 660 (77.83%) 554 (65.80%) 1214 (71.83%)
Mild 51 (6.01%) 162 (19.24%) 213 (12.60%)
Moderate 101 (11.91) 74 (8.79%) 175 (10.35%)
Severe 26 (3.07%) 36 (4.28%) 62 (3.67%)
PDR 10 (1.18%) 16 (1.90%) 26 (1.54%)
Total 848 (100%) 842 (100%) 1690 (100%)
DME 43 (5.07%) 27 (3.21%) 70 (4.14%)
No DME* 805 (94.93%) 815 (96.79%) 1620 (95.86)

* Macular examination by Ophthalmologist

Table 2. Technical failure rate and Poor film rate

Total screen (eye)

Technical failure rate

Poor film rate (dilated)

Surin province hospital 848

Prasat community hospital 842

85 (10.02 %)
100 (11.88%)

20 (2.36%)
67 (7.96%)

141 an (398 6.2), severe NPDR 16 ¢1 (3aaay 1.5),
PDR 17 a1 (39as 1.8), ME 57 @1 (39uay 6.72)
Tsowenuiarsn m #1)28 no DR 653 A1 (398
74.7), mild NPDR 33 a1 (38882 2.1), moderate NPDR
101 a1 (§9war 10.2), severe NPDR 29 a1 (3auay
3.2), PDR 16 1 (388ay 1.7), ME 36 a1 (308ay 4.33)

Aansadlagweunanujiinienn (direct oph-
thalmoscope)

Tssweuna 5uns i no DR 642 a1 (Sopas
73.7), mild NPDR 27 @1 (3888 2.6), moderate NPDR
152 A" (39Uaz 16.4), severe NPDR 18 a1 (3puay
1.9), PDR 9 a1 ($auay 0.9), ME 66 a1 (38ay 7.78 )

Tsonenuiarsn m #1)28 no DR 531 a1 (398
62.8), mild NPDR 79 a1 (3888 9.4), moderate NPDR
196 a1 (Sppay 23), severe NPDR 10 A (39way 1.2),
PDR 16 a1 (39pas 1.9), ME 74 @1 (39uay 8.89)
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2. no DR- moderate NPDR iU severe NPDR-

PDR

3. no ME iy ME

A1 sensitivity, specificity, predictive value,

likelihood ratio T899 3 53 52Wi19 no DR AU mild
NPDR-PDR i avluasedi 3

A" sensitivity, specificity, predictive value, like-

lihood ratio 289919 3 33 %3 no DR-moderate

NPDR iU PDR 9191971 4

A" sensitivity, specificity, predictive value, like-

lihood ratio 989y 3 35 5=%379 no ME iU ME i A4

Tuas19f 5
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Table 3. Result of screening, compare between no DR and mild NPDR to PDR

DFC* at Nurse at
Surin Surin

province DFC* at Prasat province Nurse at Prasat

hospital community hospital Total hospital community hospital Total
Prevalence 0.22 0.34 0.28 0.21 0.35 0.28
Sensitivity 0.61 0.45 0.51 0.69 0.67 0.68
Specificity 0.88 0.95 0.91 0.89 0.80 0.85
Positive predictive value 0.58 0.81 0.68 0.64 0.65 0.64
Negative predictive value 0.89 0.77 0.83 0.92 0.82 0.87
Posttest likelihood
if test negative 042 0.19 0.32 0.36 0.35 0.36
likelihood ratio 493 8.21 554 6.58 3.41 4.62
Cost-effectiveness
(Bath/person) 2707.27 4758.16 186.02 143.44

*DFC = digital fundus camera

Table 4. Result of screening, compare between no DR to moderate NPDR and severe NPDR to PDR

DFC* at Nurse at
Surin Surin
province DFC* at Prasat province Nurse at Prasat

hospital community hospital Total hospital community hospital Total

Prevalence 0.04 0.07 0.05 0.04 0.06 0.05
Sensitivity 0.64 0.53 0.57 0.61 0.25 0.38
Specificity 0.99 0.98 0.99 0.99 0.98 0.99
Positive predictive value 0.75 0.66 0.70 0.79 0.50 0.64
Negative predictive value 0.98 0.97 0.98 0.98 0.95 0.97
Posttest likelihood

if test negative 0.25 0.34 0.30 0.21 0.50 0.36
likelihood ratio 71.82 27.34 4117 95.00 14.58 32.76
Cost-effectiveness

(Baht/person) 17325.33 14287.61 1613.17 3633.36

*DFC = digital fundus camera
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Table 5. Result of screening, compare between no macular edema and macular edema
DFC* at Nurse at
Surin Surin

province DFC* at Prasat province Nurse at Prasat

hospital community hospital Total hospital community hospital Total
Prevalence 0.53 0.28 0.38 0.54 0.28 0.39
Sensitivity 0.93 0.68 0.82 0.87 0.86 0.87
Specificity 0.54 0.79 0.71 0.42 0.59 0.54
Positive predictive value 0.69 0.56 0.64 0.64 0.45 0.55
Negative predictive value 0.88 0.86 0.87 0.73 0.92 0.86
Posttest likelihood
if test negative 0.31 0.44 0.36 0.36 0.55 0.45
likelihood ratio 2.02 3.18 2.81 1.51 210 1.87
*DFC = digital fundus camera
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Cost - Effectiveness Analysis of Screening for Diabetic Retinopathy in Type Il Diabetes

Table 6. Cost of screening
Direct Ophthalmoscope Direct Ophthalmoscope
1. YARRINT 1. YAARINS
WELIA 2 AU AnRBEufeY 16,500 UM BNABNIN 7,700 = 385 U/ TU
ALY/ 1 3 16,500/20 = 825 UWN/AU 20
ANLLTIIA VA 4200/20 = 210 U/AU AR VA 4200 = 210 /U
(Fufiaudmtiadite ravnsiuiings) 20

ALLINTRYDAITBIBNIUAT = 4200/20 = 210 U/

PPt = 385+210 = 595 U
RIPEY = 825+210+210 = 1,245 Uy 595/50 =119 yw/AU
1245/50 =24.90 UW/AY (M3199Lad 50 AW/A)
(AT199Lad 50 AW/A)
2. A1 9 2909
TwAeEdIUA = 38.67 UM/AU AuEudaya 10 vw/Au
3. AAgAUNA 3. Aniun
G"lu‘lqu direct ophthalmoscope fDLADU Digital camera 300,000 = 707.5 ym
@ “ansAdadi 5 1) 424
- 10,000 (5 1) (A A38d DFC 300,000 LWsaLfia)
5x12
= 166.70 um
= 166.70
424
= 0.39 /AU
FINFDAU 63.96 UW/AU FINFDAU 729.40 UN/AU
Table 7. Cls for sensitivity and specificity
45° PHOTO 45° PHOTO OPHTHALMOLOGIST TECHNICIAN
WITHOUT DILATION WITH DILATION EXAMINATION EXAMINATION
Sensitivity 0.61 0.81 0.33 0.07
Upper 95% CI 0.72 0.90 0.44 0.14
Lower 95% CI 0.50 0.72 0.22 0
Specificity 0.85 0.96 1.00 0.99
Upper 95% CI 0.89 0.99 1.00 1.00
Lower 95% CI 0.81 0.94 0.99 0.97
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