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Manual small incision cataract surgery
(MSICS) outcomes at Doembangnangbuat
eye centre, Suphanburi, Thailand

Sira Arunmongkol, M.D.

Abstract

Aim: To study manual small incision cataract surgery (MSICS) outcomes with modified Ruit technique by

author who had experienced 1 year and 99 cases.

Methods: The study was prospective design. Brunescent, hypermature or mature cataract patients were
recruited and undergone MSICS with modified Ruit technique at Doembangnangbuat eye centre between
October, 2015 and January, 2016. The patients were evaluated before and after surgery one day, one week,

one month and three months, respectively.

Results: There were 35 out of 47 cases who met the criteria, with an average age of 67.6 years (44-83 years).
At the third postoperative month, there were 82.8% and 89.7% of cases having UCVA and BCVA with good
vision (20/20-20/70) and 42.9% and 64.3% of cases having UCVA and BCVA > 20/40, respectively. There was
no difference in magnitude of astigmatism without regard to axis between the first and third postoperative
month (p=0.804). The operative time median (inter-quartile range) was 11(10-15) minutes. Posterior capsular
tear with vitreous loss, microscopic hyphaema and corneal edema rate were 2.9%, 17.1% and 5.7%,

respectively. There was no case having UCVA with poor vision (<20/200) since the first postoperative week.

Conclusion: MSICS with modified Ruit technique was safety and required less operative time. The outcomes
was close to the quality target as recommended by WHO. Magnitude of astigmatism without regard to axis

was stabled after the first postoperative month. Thai J Ophthalmol 2016; January-June 30(1): 1-10.

Keywords: manual small incision cataract surgery, MSICS, Ruit technique, cataract

Chaopraya Yommarat hospital’s ethical committee approved the study. YM 001/2559

No Author has a financial or proprietary interest in material or method mentioned

Department of Ophthalmology, Doembangnangbuat eye centre, Suphanburi, Thailand
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371370 Ruit technique ¥1 1 1 998 99 ¢
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AALLUaINIaIN Ruit technique LALFUNNIATRNNDUNIAR NRIEIGA 1 T 1 “Uadi 1 1HU Las 3 Liou mNaay
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waddde: Afiendninaiondds 35 a1 (31 aw) mnﬁjﬁﬁw%é’ﬂﬁg\mm 47 AN (41 Aw) Tmﬂﬁmqmﬁﬂ 67.6 1
(44 - 83 1) iAW dn 3 1Fiauny UCVA uay BCVA ilu good vision (20/20-20/70) $ouas 82.8 was 89.7 WAL
agluineus 20/20-20/40 3ewar 429 uar 643 MY ANNFasMINELtlaA TwaBssnnazanazes
Qﬁawﬁ\aNﬂﬁﬂlﬁiﬁﬂaﬂuLLmnﬁiNLﬁmﬁ%‘ﬂuLﬁﬂuﬁwﬁomﬁm 1 \fpufUivderndn 3 1iau (p=0.804) sisugu(inter -
quartile range) TadIaLEHuNSHAEAWIATY 11(10-15) Wil wuQuviulay “Snznefesar 2.9 uwaunIndou
NAIHFATiNLAD microscopic hyphaema 388as 17.1 WATNITANALINNAIHIGTASDERE 5.7 ‘laiwugjﬁﬂwmﬂfimﬁ

UCVA a;iTunsju poor vision (<20/200) FouAnasHIse 1 “Uaeiluudn

sunam339e: maidadenszansiindoudeniasis niemaiafidaudamnain Ruit technique THamdatisy
Uaaady IenalndiAaeiu quality target mafl WHO wuzii Tasanudiaenisnisudladn 1wadesainnszanmn
PINLENRINARIZ L THASIINAIHGR 1 woulUudn BT 19 2016; AnT1AN-TquIsu 30(1): 1-10.

A °ﬁﬁ'@: manual small incision cataract surgery, MSICS, Ruit technique, cataract
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fionszan (cataract) Hu wmqmaomimuaﬂﬁ'
whi lolsidusu 1 vadlan’ avdnseunsialantsiuusii
THusazUssinafidnsinisaueatisuniniesa:  0.52
wiudsswalnelul w.a. 2549-2550 wWudmsn
NINUBASDEaY 0.59 wasdlfanizansiausAANAIY
(backlog blinding cataract) 98,336 57¢° wazfaxnlu
9 wa. 2556 fanundnsnsavenalyldanasfia wu
Jppar 0.6 uasdfonizanslAULARNAINENIIUIU
70,071 11¢* Tunsaadianszanandesiufiodl cata-
ract surgery rate aEi'mfiaﬂmﬂﬂdwqﬂ’ﬁmsniﬁﬂmi
paefjthwdionszaniisenssndaionae®® Fen1siidoed
fihedenszanpilavaanndviuauninludszmalng
p1afluws1e cataract surgery rate Tlsinafiazign
1w Fenszanziiaveaslndldtmun’

mswdnsianszanaiadaunaiin (manual small
incision cataract surgery or MSICS) 1H1350K16A
fihedenszanlédmoume dedalusnn Tdnanlums
Hdiatias  fn1nsunsndousasnisrifinlusnsfisn’
wazldnandinoglunasis uazifiowssuiisuiuns
Wdnsianszanaialaunalnn (conventional extra-
capsular cataract surgery or ECCE) W&2{ corneal
astigmatism ¥AKHNFATIEENTY WTNE U lis iy
AouldUUNARIAR® uaz wIardafuFiledenszan

" uaensseelunsdinidudanszansaniud

lemnazey
zonule dialysis 3468"
nsidadanszanaiadaunaldndie Ruit tech-
nique Vugisnoe presenting visual acuity ViaINIARA
agj’[un@ju good vision (20/20-20/70) ¥1nni3peas 85"
ANAl WHO

uuzin9wdieiay ulafnenarasnIHIFRsianszan

& al

Fodnununfidnunw (quality target)

siiadaunaidniunguitedoudoiade nvsefiinug
Fofise unsalindRFBmaafidaLUaIN1a N Ruit
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LASHALNINGDUIINNITHIAR

= A]
ABMsAnE
Aduiiunisd@nsndseludnemia (prospective

1w

study) Tungugthedienszansiiadeudemiade n g
Sunsnndadanszanaiadaunaldniidaulasnnain
Ruit technique™™ fil99WENUIAANLIUNLIY TonTn
qwismq%ﬂuﬁwﬁau ARIAN W.A. 2558 09 NTIAN W.A.
2559 wRIUNNEFTInuS FornunsRansunasuses
MNAULNTINNTSE55TNNTITe UL Tseneuna
Winszeenas Jmdn wesayd Teedifidisnide
Vavwe 47 (AU 41 AY) "ﬁmnﬂuﬁﬁﬁ'auié’ﬁlﬁ
T dusanlagldsunisuennauazifinlaluen 13
(informed consent form)

mMafneITeiiinouifneen (exclusion criteria)
Tunsdidvanluil Ao fuhedfl svievalidniinns

U
v

Ansdenieun1sineu o Fiheenedeundn 40 1
HihefiilsnsaamemBeiinasionisneaiiiu (ocular co-
morbidity capable of compromising vision) @ﬂ’m‘ﬁ
1ai "ansagumia “avi3afatazann Snellen chart Léi
LLa:vﬁﬂmﬁﬁma:ﬁﬁwaﬁiammgnﬁmlumﬁmmmw
Téonszanan Ag nszanagurIadunaidu (corneal
opacity) #U3eAn5l% contact lens figoilo (ptery-
gium) AW (dry eye) tapEIFANTEaNAWE lunay
WAAAUINA (corneal refractive surgery) Wazgiie
Y poor fixation
fhefidnsmadeiovnaaesldsunsindadonszan
i daunaldnTidnuUaeN1a1n Ruit technique™™ lag

- vgmﬁﬂﬁomammwm@’ﬂw (temporal ap-
proach) a1 fornix-based conjunctival flap Lﬂugﬂﬁd
L adn (mugﬂ‘ﬁ 1) 9NuFINLERALS L0 bare sclera
flazyin scleral incision §7e electric cautery wiald
blade no.15 11 curvilineal partial thickness (30-50%)
scleral incision ¥anu3ial limbus 2 NN, Laa ¥l

AMNIILNALTENIN 6.5-8.5 NN, TUAUIUIA nucleus
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2ILAU (mugﬂ'ﬁ 1b)

- 911 scleral tunnel #% angled bevel-up cres-
cent knife 1aal¥ tunnel &nsnu limbus wazidnlyTu
clear cornea 1-1.5 4. Iﬂﬂﬁﬂ’dlﬁiﬂtqwﬂuLﬁﬂlﬂTu ante-
rior chamber wazlusiins tunnel fulufianunine
1NNIU3138U scleral opening (Gl’mg‘i_l‘ﬁ 1c)

- ¥ paracentesis laglfUay 2.75 ua. angled
slit knife 1@1zH UM anterior chamber Bauzfinauly
5Gﬂﬂﬁﬁﬂﬁ"l\1mﬂ\1ﬂﬁqﬂﬂqq°ﬂﬂ\1 scleral tunnel ((5]’]3431]17].
2a) Wa1 anterior capsular staining @78 trypan blue
9 nifudg anterior chamber udaLfin viscoelastic ¥
CCC ¥3® can-opening capsulotomy 2U1aL “UHN
@]uﬁﬂm\‘i 7-7.5 wu. laenstl CCC =¥ radial relax-
ation 4 YUY (mugﬂv"i 2b)

5UA 2 1L AN1391 paracentesis UWas capsulotomy

- U@ internal opening 84 scleral tunnel iy
Tu anterior chamber AaaAAINNI9BY scleral inci-
sion awldf 2.75 s angled slit knife (3T 3) 970
ﬁ’u anterior lens subluxation lag{#Uae viscocannula
6N equator TBLAY “TuN 1 Fu (mugﬂﬁ 4a) udin
viscoelastic Téiau ~ a1ntuld viscocannula YU
AU “ULAL f"ﬁuma@jﬂ[u anterior chamber ﬁd@ﬂ (N
gﬂ‘ﬁ 4b LLazgﬂﬁ 4c) U&8a viscoelastic awvitiaun ~°
\WaUnilay corneal endothelium Se¥iN9viNIAaDA
W

- 1 Faruneaed scleral tunnel 3n31enin
w3owiiuL “urgudna1wees lens el lnald visco-
cannula MUTiyaYes scleral tunnel ¥9 edng Hwy
Fwaunin “urguinaszasiau “Hvene scleral tunnel
Tin¥efurounsanau
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- BA Ruit’s simcoe ﬁﬁﬁéﬂ\lﬂau‘m"ﬁ'ﬂ anterior
chamber nududaau (m’m;mﬁ 4d) ntu o
Toagsuliiau “ udrontas Ruit's simcoe uidntias
5ol o slugnanauiiussiuliiau anani inter-
nal opening 784 scleral tunnel (mugﬂﬁ 4e) udld “u

Ruit's simcoe NAf posterior lip 983 scleral tunnel

wsesuiazsuliiau “Aaansanin (mugﬂﬁ 4f) iy
14 Ruit’ simcoe Af epinucleus AT cortex BN

- & viscoelastic i lyTu anterior chamber Tt
QaviaLaY “nMafindl w&al ' polymethyl-methacrylate
intraocular lens Lﬁﬂ1ﬁ1uqaﬁuLau” miuld Ruit's

simcoe 419 viscoelastic 11 anterior chamber 88
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- gl anegnanuiashumisnazanang
limbus meﬁm%ﬂﬂ’mﬁommgnm L ”amqv"i scleral
opening 284 scleral tunnel 91 self-sealing Avisalsi
el self-sealing 92¥M3L6Y scleral tunnel wound
Ulieatd mnﬁuﬂmuwmﬁaqmmané’u;ﬁWLquaLﬁu‘Emﬂ
electric cautery LLa:L%ﬂTﬁLﬁaqm’m’l’mqu scleral
opening U84 scleral tunnel wound

vﬁﬂaﬂﬁL%‘iauﬁé’ﬂa;’lﬁ%’unﬁmmﬁmLLasz’uﬁn
ﬁagaﬁi:ﬂ:nmﬁmﬁ‘e Fotl

- finoun1ainde wasndwIsad 1 1 “Yanni
1 /U uay 3 iau MNEIRL ATIRdBAIeY slit-
lamp biomicroscope azda UCVA (uncorrected
visual acuity) L8z BCVA (best-corrected visual acui-
ty) Imﬂﬁ@'ﬂ’mﬂ"lu Snellen chart Iasgu optotype i
dusiaalagldld pinhole wazl# pinhole muaIsU
wingthelsl wnsagusualéasld tumbling ‘E' chart
wnu sy VA Tuma@nenddeiiassseunaudedu
3 ﬂf\;:&l An good vision, borderline vision LAY poor
vision 1ndi VA atjTuzae 20/20-20/70, <20/70-20/200
AL <20/200 aaaney’’

- 0 autokeratometry NAUNITHIAR LATWAY

RN |

WAA7 1 “Ua9t 1 1Hau ez 3 1hou MNEIAY Lasin
autorefraction NAIHFAA 1 Wfiou way 3 Hau e
816U #I8LATBY autokerato-refractometer (KR-8900,
Topcon) Hvifilpazfiavaansiiiaiasasaalaslims
AAIITUAILAUY landmark WﬂdLﬂ%ﬂdVlﬂﬂ%ﬁﬁﬂumi’fﬂ
Tapswdded ulaaudesnisnisuflodr 1w
Q’mnitﬁmm’ﬂﬂﬂgﬁnnﬁh magnitude of astigmatism
without regard to axis 'IUANRAEDY autorefraction
fudulaedd Fourier analysis™

- PENIUAINTINIBYTE AN INAIHIGR 1
AU

- dayansen gl ailElunsnge (op-
eration time) wieifuuit Tnsmndiewdunitasiadu
FaBusunafuAneuasie fornix-based conjunc-

tival flap SN conjunctival wound) 2U1AYBDY
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m3aedays

UL upanBUZNANMBE AL DALTIWITUI LAS
daBvowiulunsdifiansiSouiivudeyn las
WINMA BUANBUZNNTNIZBTvTnya e Kolmogorov
- Smirnov test wdmundinnsnszansuuuUn® sl
MINANLAUIBUTBUGIY paired t-test WAWINWU
Fmsnszaneliunfasiiasniiding Wilcoxon signed
ranks test MWUATLAUTY AL p - value < 0.05

NAN1SANEN

ffihefldninusionddeiovun 35 g (@Fwou
31 Au) mnﬁ”‘ilﬁ’]i’mf‘sﬁ“fﬂﬁy’muﬂ 47 A1 (31UU 41 AU)
Tﬂﬂﬁmqmﬁﬂ 67.6 T (52139 44 - 83 ) Huwezne
10 AU (3owaz 32.3) vt 21 Aau (3owaz 67.7) u
A1 20 A1 (3BBAT 57.1) A1T1e 15 a1 (Fopay 42.9)
dude n 17 a1 (Seuar 48.6) diaude 18 an (Fouas
51.4) fgieiliilfandamunanisinmi 1 ieu uaz
3 iU Wudwau 1 a1 (Gowar 2.9) uas 6 m (3ouaz
17.1) ANAIAU °ﬁw%’m§ﬂaﬂLﬁﬁiauﬁﬁﬂﬁgnﬁﬂaanﬁu
Hulsmeoise men 5 a0 Fofiusuau 3 a1 daulle
3 o uaznszananduuiwadu 1 a1

3puazaevfilieiiil UCVA uaz BCVA aglu good
vision, borderline vision and poor vision group Viad
HAGATIIRIAGT b A9FIRT 19T 1 usnaNHwLg
Hipduau 12/28 a0 (3ppar 42.9) Uz 18/28 M1
(Sapay 64.3) 715l UCVA uaz BCVA fivddwsin 3 hpu
auady agflugae 20/20-20/40

ALAAYDINAMITDY magnitude of corneal
astigmatism without regard to axis Ll AFIANTNT 2
LarwuIdAMNLANANiuaL il AN DATeY
magnitude of corneal astigmatism without regard to
axis JeVINTiNaSHG 1 Waudundeinga 1 “Uand

o

wasivasnIfn 1 “Uavinuneaukidn (p=0.003 ua
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AN 1 U m%aﬂa:mmﬁ”ﬁﬂ’mﬁﬁ UCVA llay BCVA agﬂu good vision, borderline vision and poor vision group a4

HdRTIas
Good vision group Borderline vision group Poor vision group
(20/20-20/70) (<20/70-20/200) (<20/200)

UCVA

- Preoperative day 0 17.1% 82.9%

- First postoperative day 571% 34.3% 8.6%

- First postoperative week 62.9% 37.1% 0

- First postoperative month 735% 26.5% 0

- Third postoperative month 82.8% 17.2% 0
BCVA

- Preoperative day 2.9% 17.1% 80.0%

- First postoperative day 71.4% 20.0% 8.6%

- First postoperative week 771% 22.9% 0

- First postoperative month 79.4% 20.6% 0

- Third postoperative month 89.7% 10.3% 0

AN 2 1L AYANLRRAYBINARINDBY magnitude of corneal astigmatism without regard to axis

Mean of difference in
magnitude of corneal astigmatism

without regard to axis (Mean + SD)

Between

1% postoperative week and preoperative day

1 postoperative month and 1% postoperative week

3" postoperative month and 1% postoperative month

3" postoperative month and preoperative day

1.01 + 1.58
-0.49 + 0.90
-0.08 + 0.58
0.33 + 1.12

p=0.001 ANNAIPU) weiluAAMNwANAITUDE1eRTTY
Wunn ARdiaSaufisuszniivdenida 3 oy
FUNRINAR 1 1hau wasfindsndn 3 iiauruniaunem
(p=0.804 WAy p=0.127 AINEFU) ALaABVBIAT
autorefraction fINAHIGA 1 1founas 3 Wauzasu
Anen3duiiae -0.25, +0.50 X 102° uar -0.25, +0.25 X
124° ANRAL

Aady + SD ANBEg U (inter - quartile range)
uazgudonpasiarlunsiida de 14.4 + 82 Wil
11 (10-15) W19l ez 10 UWIANNRIGL IUIALKANIGA

LQ&"EJ 7.6 + 0.5 uN. {ifU scleral tunnel wound ﬁg\‘l‘ﬂuﬂ
6/35 A1 (3ppas 17.1) AWAUNINGOUTEWIWNITHIAR
AD Quviniau "An11m (posterior capsular tear with
vitreous loss) 1/35 a1 (3pway 2.9) WAz intraopera-
tive hyphaema Juc8NBLANR] scleral tunnel WA
fouARDALAU “Bn 1/35 A1 (388T 2.9%) IUNALNIN
Houndodniivonun 8/35 m Govaz 22.9) lawu
microscopic hyphaema 6/35 A1 (Gouasr 17.1) Uasd
NILANANVINVAIHIAA 2/35 AN (308RL 5.7)
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unInsal

Pudns3ded [Efnwmanssnardaganszan
wiafoudendesio niemadiafidaulasmnain Ruit
technique™” Tagldna UCVA waz BCVA findarnsn
3 iiou aglundw good vision (20/20-20/70) Sewaz
82.8 Uz 89.7 mNady FelndiAsussslaifeinan
quality target mxfi WHO uwuzii1 Aal#il presenting
VA vdeannsidalitaenindesay 85" uasiiie
AN0uNARREEY autorefraction findH1GA 3 LHau
WU IndLAeeiu emmetropia Ap -0.25, +0.25 X 124°
fotfu naidendn 10L power LTy ngmanit ‘suals

=3 6

A1 UCVA findarinda 3 1oy aasuddoil 16 ludenad;

quality target wsip1adl wailavananginusiong

©

6

Tuz9fuzey learning curve Aadivsy uN1salWnAn
Framadadananing 99 AN IHmHaus B IuITeTY

PN

gAfdse untaninannd1’™ weadnelsfanliwuing

4

©

fiheseladl UCVA uaz BCVA aglunga poor vision
(<20/200) Sousfivdssnsn 1 “Uawildudn usnarnil
winden ulalamziieiiil UCVA uaz BCVA finds
HGR 3 Wieu ot lugg 20/20-20/40 wuhidwaudesas
429 LAY 64.3 ANNAIAU

WaRansuanudaenisnisuilaan 1wadeg
mﬂﬂ‘szﬁmmmmﬁﬂm (corneal astigmatism) ‘?id@ﬁ)’]ﬂ
WA magnitude of astigmatism without regard to axis
wudsisuasfindennddaliudy 1 iy Fefine
TdfianuuanatailailSoufisuivdenida 3 weudy
i 1 1fiau (p=0.804)

% ¥ 1

LIRN ﬁﬂ?iﬂ’]ﬁﬂ’ﬁd\lﬂﬂu turnover time Tumu

@ '
o

FAnsdTeilfianefuwindy 144 + 82 uiit lasdan
FWspguegi 11 (10-15) wiil uazguilenwinty 10 wndl
%amsﬁﬁmm&‘ﬂyan’jwﬁﬁﬂgmuazg']uﬁwﬁv’u RhyIgt
TiandeyavnaitliTunsidainsuanuasiuuiing
UIN (positively skewed or skewness to the right)
%GW‘U’J"]Q’ﬂﬁﬂﬁ%’ﬂﬂ’ﬁﬁi’]ﬁﬂt’fj’nmﬁgﬂLLﬁi 20 wiiguly

%
o

wvua 6 598 (epar 17.1) lawdl 4 18 Hused

bt}

o

Wudpaduwnanidn 8n 2 518 WWuseinawnsn
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Fousznirdafe seusngevisiau Bnanndediu
Faufuunanifin wazs1efl a9l intraoperative
hyphaema JUsBBBUKA scleral tunnel NPUARDA
Lau " ﬂm@mmﬁaommn cutting into the anterior
chamber’s angle™ wana iy M3 modified Ruit
technique Tuuddod L ldvi V-shaped or triangular
capsulotomy” " uaziifupeu anteior capsular stain-
ing #71 trypan blue Sefasldaalunisidauiuiu
wazNNNINdnusFuatuzed Ruit S. wasauy 2"
awuiﬁ’ﬂﬁﬁﬁﬂuquﬁﬂaﬂﬁﬁiﬂLﬂuﬁaalﬁmmamﬁﬂ
$apay 17.1 snndneuddeitseeulay Kimura H. uas
AL 11a9a1NN19¥in self-sealing scleral tunnel udl
learning curve waTANLABANNNI DY scleral tun-
nel wound TueAdeilvihiu 7.6 + 0.5 wa. Fesnnn
NURBFURTUEY Ruit S. LazAs '™
HaUNINEBUTENINMTHIGR n3aigeviuiau an
alueAdeil i iifisenusudy uwawnsn

Houndsindniinuanni aAndl microscopic hyphaema

[
v A

uipafusseudfeneunind® uaeudnuideil
wuludnafidennin Ao 6/35 a1 (awaz 17.1) 9
meldioslaslaifinssnunlafisdsuenainuaudsus g
LarAnIzANMIUINAINIAR 2/35 AN (Fopas 5.7) du
\issnandesiaasaiau © 2 A% wzuwa scleral
tunnel wound L&nn313ARE 209taU * wALiaAAAN
HalUTBRSINTzanmUINRAIRGAT 2 S1Ewud T
1§l UCVA uaz BCVA 91NM3n319AnmNeIn19ne
aeil 1 “Uanfndeindawingu 20/200 useil 2
finswoadiudituiden 9nfl 1 “Ua wdssde &
UCVA ez BCVA winiu 20/200 way 20/1007 @
fe0 auisfnmuennsnss qmﬁwﬁ 3 LADUNRINFAN
UCVA ez BCVA winifu 20/30°
mimwﬁmmuwawé’amﬁmﬁ’u@’ﬁmﬁﬁwmﬁmﬁm

6

wallafidauladan Ruit technique “WSuginus
TUUIN AN WawSpuieuduitsivihadadae
waila ECCE ilasangiae usnlalasniudos

Wouwaida  Feaan1sguadalnauuial 1wandes
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\iavnnszanaituditie Ussnauiuilegua mag-

nitude of astigmatism without regard to axis Awuan

findonda 3 Weusuiinounndaf lifianuuansneiu
(p=0.127) uaze NN visual recovery 157 Ao
§i UCVA uaz BCVA findurnsin 1 Juagluzae good
vision ¥98ay 57.1 waz 71.4 auady Wiyl
33289 Gurung A. LAzAUL™

MNKUL9FUTBN learning curve Taansvin self-
sealing scleral tunnel wound 1§ Wazam postop-
erative hyphaema lagn15¥uL@8A3INN1TYIN superfi-
cial scleral tunnel Wag electric cautery T¥ifiegwa'®?
wazangENIEAneUINKAINIAR uN ] large nucleus
Tapdszifiuanunieaasuna scleral tunnel wound 31
niewevdlainaunsaaeatau Ynafe’® uazideei
Tunsdififl zonular dialysis” wan1sHIGRRNLFH
quality target fi WHO wuziilg™ 1flagan outcomes
ﬁﬁﬁuagﬁ’ummﬁwmiyua:m: UN1I012BIEHIR
wAazAUMIY LaaYaefuane learming curve AI¥INTU
anuuziiiu a stepwise manner on selected patients'

¥ o

Haa1ialun1sAn¥uiTeil A Huinswdnm

¥
Av Aa

pfifisnuulainnn llsana endothelial cell count
finounazrdenndn WRZNIIQWA corneal astigmatism
Tusudne 9ol QLﬁmmmﬁmmimmﬁ\lmm gl
Bagannszanan ilasandeindavesiaIasialuls
wmma"qwuﬁﬁuﬁi autokeratometry %aa'lﬁﬂm'm
Fanfievovftielun1aney illuminated target Vvilw
pnAaN3Le reproducible keratometer readings Nl
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Review Article/unWuwaiims

Minimally Invasive Glaucoma Surgery
(MIGS)

Tassanee Raiyawa, M.D.,
Visanee Tantisevi, M.D.

Sunee Chansangpetch, M.D.

Abstract

Conventional glaucoma surgery, mainly trabeculectomy, has been known for its effectiveness on IOP
lowering, however, the procedure involves a large conjunctival incision from which various unwanted
sequelae may ensue. Minimally invasive glaucoma surgery (MIGS) is a group of new alternative glaucoma
procedures. With the concept of being an ab interno microincisional approach, MIGS makes the glaucoma
procedure need no conjunctival incision, therefore, it could be done in safer and faster way than the
conventional one. MIGS can provide more convenient to the surgeons along with faster recovery to the
patients. Current studies show relative satisfaction on IOP lowering effect albeit their final pressure is still
higher than trabeculectomy. This constrained efficacy limits their uses to mild - moderate glaucoma cases.
The long term safety and efficacy are still under investigation. Most evidence shows the additional benefit of

their combination with cataract surgery. Thai J Ophthalmol 2016; January-June 30(1): 11-23.

Keywords: minimally invasive glaucoma surgery (MIGS), ab interno microincisional approach, glaucoma

surgery, glaucoma innovation
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Minimally Invasive Glaucoma Surgery (MIGS)
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glaucoma surgery (MIGS) \Hudsnmsunsianiaiianuuyivsl vannisAedu ab interno microincisional approach
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Minimally Invasive Glaucoma Surgery (MIGS)

Tsadofiudu unefivihldausaduiy svsev
A ndanszan Tl 2010 fuseann 605 druauialan
Hudedu wazerefuwdliudniude 80 &uaulu
11 2020

nanMsSnEIFafiu HBRAAMNAUAT (intraocu-
lar pressure; IOP) TﬁagTuizﬁuﬁﬂaamﬁmaﬁv’aﬂiz m
anaasauld TneASaeq seil

o Msldn Sfspmoenan wu Naa prostaglan-
din analogs, beta-adrenergic antagonists, adrenergic
agonists WA¥HINU AU oral carbonic anhydrase
inhibitors

o N3lHaLBS 1B selective laser trabeculo-
plasty (SLT), laser iridoplasty, trans-scleral laser

e MAIWNAA LHU trabeculectomy (standard treat-
ment), tube shunts (Ahmed, Baerveldt, Moltino)

ﬂ?ﬁgﬁuﬁm‘w\i’lﬁﬂﬁﬁﬂﬂ’i’l minimally invasive
glaucoma surgery (MIGS) fia nM3WdafLEu ab interno
microincisional approach FavBnidponssaianziie
YA FIINNTHIAR trabeculectomy WULLAN  IWA
THunarmeaE193I0157 Uapadulas 1N150anANNG
ALe°

aulifvinne “msu MIGS®

o aulddafiuluszazusnioszuznanslunguaes
fofiuyaidadgugfl (Primary open angle glaucoma;
POAG) fin7iunila pseudoexfoliation (pseudoexfolia-
tion glaucoma;PXG) WRsFDAUBHUA pigmentary dis-
persion

o Tsnsofufigulaldusiazionfniuds (maxi-
mum medical treatment)

o auldfild ansalfnananusualy

o auldfidonszandan eassyrdnlundau
fuluadaiien

auld bivane vy MIGS*

o aulilunguéiefuguln Hodufinnuunain

”nm&;é"u uasdipfuszuznaniuszee Ay
o LABNFRFBRUTSaNTALT 1 "eaAnUni

o ANNAUMIZAY ofinruAulals
o AuUldNamNaAUlEIREENaLAE7
Wi MIGS AINHANNISIaINISAAANNAUAT L6

3

(v

9t
1. Increasing trabecular outflow Taams bypass

juxtacanalicular trabecular meshwork F935Maznan
fiv Ap trabectome, iStent, hydrus microstent, excimer
laser trabeculotomy (ELT), high frequency deep scle-
rotomy (HFDS)

2. Increasing uveoscleral outflow Toeld supra-
choroidal shunt (CyPass microstent)

3. Reducing aqueous production 910 ciliary
body Tasnsii endocyclophotocoagulation
4. Creating subconjunctival drainage pathway

Tag/l# XEN gel stent

1. Increasing trabecular outflow
Trabectome

Trabectome device 1fu single-use, disposable
hand piece fivanens trabectome 2= active elec-
trode fiaUapanszw Wi ane trabecular meshwork
LAY inner wall 789 Schlemm’s canel LLazH protective
footplate 1ds 90 avAn wiallaviusnizinlnuiasasiio

Tu canal dnasunfiazdl aspiration WR< irrigation

port L ﬁﬂfb“mLﬂmﬁaLE‘iaLLa:i:mﬂﬂ’Jm%auﬂ’m@u
g gunsalazsniuiniasiudalnin high fre-
quency LLatﬂ’JU@un’l’iﬁ’m’luv\i’lu 3-stage foot pedal
Foazifums irrigation, aspiration LLas electrocautery
muaD gUnsafiiiuNT3UTes CE mark Tuglatuas
FDA 789 %3gaiasm (31J17‘i 1)

di9A

o Huns $rmesrneniienn trabecular mesh-
work 1#1_ Schlemm’s canal Taene

o NMIMFALSINTATuTIEUNIUNINABNIT iR
98NYDY aqueous LaziAmiiiadofanazaanszuiuns

L vuazuratiuneaindule
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3‘1/77 1 U evMSAADY Trabectome device W8 a1y trabecular meshwork Was inner wall 28y

Schlemm’s canel

o Wums \nuLE'iaqu wazliddnsuzang
bleb

o naRERll wsevsImiUNSENERGaNszAN

A15197 1°° U AIWRTEINTYN trabectome WU
Anafsanusunieurdainddeiufe 25-26 +
7-8 mmHg snifuauldngs PXG Tuem3dees Ting
uasAMLf ,9n11AB 29 + 7.5 mmHg Lﬁa@ﬁ%aﬁﬂmm
FUANAINFR (AR UIToNU I anasld IndLAne
fuAe 16-17 + 3-4 mmHg uas wingdnslden
NUBARLADRAANNFUATIRARS

A13197 2°°° U AUWAZBINTTYI trabectome TN
U phacoemulsification + IOL Wud1 ALaRBANAL
gnarousnda dulndiAsaiude 19-21 + 6-8 mmHg
wazAisanNiugna s Tuusazeuiduana
1iTnduAeeiu@e 15-16 + 2-3 mmHg

AMTUNINTOUTDINIINN trabectome

e LA9ABDNAN Schlemm’s canal LLALLADADAN
Tugpniingnen (0-59%)

. ﬁdﬁﬂﬁgum’l (goniosynechiae) (0-14%)

e ANNAUM ”oTu“J’uLLinwﬁomﬁﬂ (0-5%)

e in1su1midusie ciliary body Waz zonule (O-
3%)

e in15U1MURB Descemet’s membrane (O-
2%)

diaL " BuazdadNNaPaIn19v trabectome

o 1flp99nU30ui abrasion @B 90-120 9AN
9270 circumferential flow 2849 aqueous

o Zasilienadasnn peripheral anterior syne-
chiae

e N15aA IOP gﬂﬁi’lﬁ’ﬂiﬂﬂ episcleral venous
pressure (EVP) LLlar Schlemm’s canal resistance
Fotuauldfiney weeinsd normal EVP wasiisvéu
IOP fiunnnin EVP

o Dudifiolaifl randomized controlled trials 789

A3l trabectome



Minimally Invasive Glaucoma Surgery (MIGS)

A5 NN 1 1L AYNADBINISYN trabectome

Author Patients F/U time Mean Mean % P value No of medication
(n) (mo) baseline Post-op decreased (pre-op -
IOP IOP IOP post op)
Minckler et al’ 738 24 257 + 7.7 166 + 4 35 N/A 29 >12
Ting et al’ 517 12 POAG 255+79 168 +39 34 < 0.01 27 > 21
PXG290+75 161 +40 44 (between 2 groups) 31 >22
Ahuja et al’ 88 24 259 + 89 16.8 £+ 2.8 35 < 0.01 33 >22
(p = 0.07)
Maeda et al® 80 6 26.6 + 8.1 174 + 34 29 < 0.05 4 >23
(p < 0.05)
A59% 2 U AYHATEINIIYIN trabectome 3N phacoemulsification + 1OL
Author Patients F/U time Mean Mean % P value No of medication
(n) (mo) baseline Post-op decreased (pre-op -
IOP IOP IOP post op)
Francis et al’ 304 12 20.0 £ 6.3 155 +29 16 no 27 >14
Minckler et al’ 366 12 200 + 6.2 159 + 33 18 no 26 >15
Ting et al 308 12 POAG 19.0+54 156 +32 22 <0.01 24 >16
PXG 217 +84 143 +32 35 (between 2 groups) 25 >15
iStent AnuFugnamasHfnenguil * istent euiiulsi

WHu non-ferromagnetic titanium stent qﬂﬂifﬁ
‘liﬁ):: %'NwmvhuﬁL‘flugl,ﬂﬂﬁm’nam anterior chamber
K1Y trabecular meshwork 11 Schlemm’s canal ¢
aunsal iy snorkel fauna 9 0.3 wx. vieflzuia
120 lupsau waze1d 1wy, fviessidansondds
retension arches flasfun1siafiou uasUaefidnsu
{iu self-trephining tiiataslunsianzidn gunsalgn
LARBUA?E heparin Wathefinnsssueaanes aque-
ous qﬂniﬂiﬁmu CE mark uas FDA 1 FDA $u589
M3l " iStent SaniuHdRGBNTZAN

012 GINATEINTIL | iStent AN

a5197 3
Hfanszandie3s phacoemulsification + IOL Lilafiay
funIWadanszaniieestaiisanudn Anadeadny
sugnanaurdalndiAseiufe 17-18 + 3 mmHg

Tasluanuddavny Fea way Samuelson Wuq1 AR

1 Huflanuuansieiuageite dgnie 87 Tawen
lRBANNAUNAMAINFR anasnoyTutae 14.8 + 1.2
mmHg WwAvIUIdE89 Craven wazanzlainuaiu
wanaaTaeluI 29NgHN Snvefinisanaspoanislden
VeDARLNDRAANFUANT IndLAEaTU

A15197 4" U AINATEINI3l | iStent 2 Fagan
AuWdonszandud3 phacoemulsification + IOL iia
\Wisuiumssndenszaniiisetnadamuin Tunguinl
iStent 2 ¢n& IOP anasnIndnnguatnefitly Aty uaz
fimsldumeaaaiieananuduamfianasiy 91% ud
atalsfin mLaﬁﬂmmﬁugnmwﬁaNﬂﬁmagTu“ﬁaa
Apudne_9fe 17.6 + 2.8 mmHg

@15197 5" U AYNaa9NIsl | iStent 2 Fagan
fuWndanszandiuds phacoemulsification + 10L Lila

Wisudunsl | iStent 3 fsantuHIdanszandaeas

15



o &

16 Viadld w01, el dud 3. dl dunsu aiied

Vol. 30 No. 1 January-June 2016

A19190 3 W AINATBINISL | iStent SINAUNIFBNITandIwIE phacoemulsification + IOL wBufUN15HIGR

phacoemulsification + IOL (PE)

Author Fea, et al' Samuelson, et al" Craven, et al”
(n) 36 240 240

Follow-up time (mo) 15 12 12

Mean baseline IOP (mm.Hg)

iStent+ PE 179 £ 26 187 £ 33 186 £ 34

PE 173+ 3 18.0 + 3.0 179 + 3.0

Mean Post-op IOP (mean reduction)

iStent+ PE 148 + 12 15+3 170+ 238

PE 157 + 11 1+33 17.0 + 31

% decreased IOP

iStent+ PE 173 8.0 8.6

PE 9.2 55 5.0

P-value 0.042 0.003 0.09

% decreased medication

iStent+ PE 80 87 88

PE 316 73 73

A191971 4 UL AIHATBINNSL | iStent 2 fsInURIFBNTZaN
#2835 phacoemulsification + 10L gy
NNIWNFA phacoemulsification + IOL (PE)

AN 5 1L AYWATEINISL | iStent ViABFISINAUNNED
N3eanN@835 phacoemulsification + IOL (PE)

Author Fernandez, et al® Author Belovat, et al'*
(n) 33 (n) 53
Follow-up time (Mo) 12 Follow-up time (mo) 12
Mean baseline IOP Mean baseline IOP

2iStent+ PE 248 +18 2iStent+ PE 17.3 £ 49
PE 236 +15 3iStent+ PE 18.6 + 4.0
Mean Post-op IOP Mean Post-op IOP

2iStent+ PE 148 +1.2 2iStent+ PE 138
PE 198 +23 3iStent+ PE 148

% decreased IOP % decrease IOP

2iStent+ PE 27 2iStent+ PE 20

PE 16 3iStent+ PE 20
P-value 0.04 P-value 0.73
% decreased medication % decreased medication

2iStent+ PE 91 2iStent+ PE 64

PE 42 3iStent+ PE 85
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A1379% 6 L AYNRIBINNSIL hydrus microstent SN LAY
fionszan@ies phacoemulsification + IOL Ly
UNTINIAA phacoemulsification + IOL (PE)

Author Pfeiffer, et al'
(n) 100
Follow-up time (mo) 24

Mean baseline IOP

hydrus+ PE 263 + 44
PE 26.6 + 42
Mean Post-op IOP

hydrus+ PE 169 + 3.3
PE 192 +47
% decreased IOP

hydrus+ PE 50

PE 28
P-value 0.0093
P-value (decease medication) 0.0189

phacoemulsification + IOL wui @adsAadugn
pmdoRdalue snganiulaifianuuandeiusgied
e AN DR

AMTUNINTOUDDY iStent

o \Aanpandaitiignananiioy (0-70%)
ANAUAT ”mé’amﬁwﬁ"’smn (0-30%)

gunInlag ALY (0-21%)

e NITANANLIN (0-20%)

. viaqﬂmniqméfumnﬁauLﬁaﬂw%amumﬂﬂqm
(4-15%)

d991NADY iStent

e M9 %mmwizmﬂgnaﬁﬁmﬁaﬂ"ﬂmmﬁlﬁnmm
viegunsal

e M3l iStent SamUNTHFENTZAN Uz T
HANTSNEIARNIIAL | iStent BE1AET IWTIEN1TLEN
\au “maentioiDasualiniredu

e M3l iStents a9 HNANTSNBNTA
NILAEN

Hydrus microstent

qﬂﬂ’iﬂil,flu super-elastic, biocompatible, nickel-
titanium alloy (nitinol) 817 8 4. asvUaed inlet por-
tion 1 wy. Farflu "Juﬁ%ag’[u anterior chamber LAy
q P9 scaffold Lﬁa"ﬂmﬂ Schlemm’s canal %0"1!&1’18
1% 4-5 wiwesanuniwund gunsalazgnl Taeld
preloaded injector KU clear corneal incision iy
agaunUY intracanalicular Tu Schlemm’s canal
guUNI0lk Y CE mark usi FDA £98t/lu phase IV clini-
cal trials (gﬂﬁ 2)

m‘naﬁ 6"° L AIWaTEINal hydrus microstent
TwiundanIzan@ieids phacoemulsification + 10L
Wasuiunssindenssaniiavasaisanudn Alads
ANNFLUGNAMASHART 24 LHeu HAAduuansneiy
ateiiile dy  TeedA1eduanadugnamassnge
maoﬂﬁjum " hydrus microstent @s 16.9 + 3.3 mmHg
waznuirfinisldameaaniiiaanmandunifianag
fnviupgelly Ay wanINtuudTeinuay
Usaasielungadil " hydrus microstent $asifusndienszan
whﬁ’unajumuquﬁmﬁmﬁanﬁmnLﬁmaﬂ'wﬁm WUl
focal peripheral anterior synechiae 31U 12% 289
ﬂu\l’ﬁ'mjum ' hydrus microstent WLy “NWuSAY
U5t “niwavesgunial

Excimer laser trabeculotomy (ELT)

tHun5lF xenon chloride pulsed excimer laser
(XeCl 308 nm, spot size 200 um, pulse energy
1.2 mJ, duration 80 ns) Y15 photoablative ¥iiin
cooling effect Winl¥iinng %'NgLﬁm 7l anterior trabe-
cular meshwork 1agl3%7 laser probe %9éavil gonio-
scopy lens Falumagyngasnieinum vislHidu
endoscopic laser probe ﬁgmwmum\mﬁ’ma Tow
491U3U 8-10 laser spots uazuAazIavinanulszanu
500 pm

A199# 7° 1 AIwaTEIN T ELT Wfiawfisuiy
M3 SLT (ngamiuay) wudn Aedsaudugnm
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JUN 2 W AUV hydrus microstent ﬁag’fu Schlemm’s canal

A15N 7 1 AVKAEINISYIN ELT lafisuiunisvin SLT

Author Patients F/U time Mean baseline Mean % decreased P value % decreased
(n) (mo) 0P Post-op IOP IOP medication
ELT ELT ELT ELT
SLT SLT SLT SLT
Babighian et al® 30 24 250+19 176 +22 30 <0.001 62
239+ 09 191 +£138 21 <0.001 60
ﬂ’]‘i’]\’l‘?i 8 Il AYWATDINIIYI ELT WAy CyPass
Type of Author Patients F/U Mean Mean % P value %
surgery (n) time baseline Post-op decreased decreased
(mo) I0P 0P 0P medication
ELT alone Téteberg- 28 12 19.8 + 53 45+ 59 23 <0.001 389
Harms et al'’ (IOP reduced)
CyPass alone Garcia- 65 12 245 + 28 164 + 55 35 <0.001 36
Feijoo et al'®

Aourndnlndidueiufe 23-25 mmHg lawdl Anaie
anwsugnamasindei 24 weulunguivih ELT Ae
17.6 + 2.2 mmHg uazlungaivih SLT (nduaauaw) As
191 + 18 mmHg uazi9 a9ngu 1ansnan 10P ¢

adafitly dne 88 Taednsldonanmanudunn
niandnfianaslndidseiude 60%

A19197 87 1 AIWaBINI ELT wudh Alade
ANNFLgnAMSaRNafl 12 1Hiou aaag 45 + 5.9 mmHg
NNBUAIGADENNTY AN R
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MIzunsntouLazdinanin

o onafindanseani@ntasléluseninei

e N3 %'deLﬁnﬁ fi anterior trabecular mesh-
work #lam vlsiRawnadu

o 351 ldnanTuauldfid normal EVP uas base-
line IOP ”Gﬂ'j’] EVP

e N9 ELT #aen13dsr unisaivasunnsii
WAluN15ld direct goniolens BniiaiA3aviiafisnm

LN

High frequency deep sclerotomy (HFDS)

WHunsld diathermic probe Fafluawen 1w,
L9 03 13, n319 0.6 Wx. uazfunaaldaiduym 15 a9en
#2 probe a¢ 379 bipolar radiofrequency energy
\WBLATHY trabecular meshwork \fn, Schlemm’s
canal Tagvhduau 6 90 (U7 3)

93BT 289 HFDS §9atlu clinical trials

aMzunsniou

o amzanNAUm Soiiwudinlaiuuss

o Aanpantowtignan lnemelu 2 andind

o § lusfuiatulugamdsinuaiiiagi

A

(Transient fibrin formation)

cornea

2. Increasing uveoscleral outflow
CyPass microstent

gunsnliu polyamide 817 6.35 wx. uacdl ex-
ternal diameter 7u1A 510 um lasaunsaifdasluag
suprachoroidal space fia 39%89n19fin113951379
anterior chamber U suprachoroidal space AMNAINN
#1789 stent A= f&NBUL microholes 1B 1# aqueous
aonldsey  Fusiuzes stent Hudnsuy collar Fvay
WHu "Ju‘ﬁa%ﬂu anterior chamber angle ¢ stent %
gnl Taudidnhifiyansay Wafususndumes iris
91 scleral spur gunsaiiiu CE mark usidlaninu
FDA (3U 4)

A15°9% 8" 1 AYHATDINISL | CyPass WU
lRsAnusugnaiauifAWiniy 245 + 28 mmHg
wazAABANNAUgNAMAINFRT 12 Wauwiniy 16.4
+ 55 mmHg Sefiadnanavageitey @une Hf

A195197 9'° Il AYHAZEINTSL | CyPass MU
fanszandeds phacoemulsification + 10L F991u
Aeutvauld POAG 1l aungw A uncontrolled IOP
(> 21 mmHg) ae I0OP-controlled (< 21 mmHg)
WU 6 L a9nguil IOP anadNIndLAeiufe
156 + 0.5-0.7 mmHg U8zl BINEN 1W150aA IOP

ca

Descemet membrane
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juxtacanal. 4 .
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A5 9 1L AVNATEIN1IYIN CyPass 3nUHIGBNIZan@835 phacoemulsification + IOL (PE)

Author Patients F/U Mean Mean % P value %
(n) time baseline Post-op decreased decreased
(mo) IOP IOP IOP medication
Hoeh et al” 184 6 211 +591  Cohort1 15.6 + 0.53 37 <0.001 50
Cohort2 15.6 + 0.68 no report <0.001 71

31!77 4 U AFUYUYDBY CyPass tialutian1in1153ewin anterior chamber 1l suprachoroidal space

Tiaenefitly e R samdensldenananusium
ARIHIANAARY

AMIzunINtou

o NILANNFUAIGIULIUIN

. mmﬁummwé’dmﬁmﬁ"msn

o AaABRNTRITINGNAN LATNAANTENL LNAY
NGIR

e Peripheral anterior synechiae W‘Uﬂ'ﬁﬁ)\ﬂ(ﬁu
U9 uzaevingUnInl

o WumMINRIEENIzANS UL ST 12

Wau

3. Reducing aqueous production
Endocyclophotocoagulation (ECP)
vJu cilioablative procedures ¥ lael¥ curved

laser endoscope probe #6niU diode laser 810 nm,

200-400 mW continuous duration %1‘1.]‘171. anterior
ciliary process auyl¥iinnsnauazdaeg anterior
ciliary process U310 270-360 D9AN ABfinu
N135u99997n FDA LL&I'JLLﬁzﬁﬂ"ﬁI‘B’ﬁ;ﬁiﬂﬂﬁ\nN'}ﬂﬂdﬁl
12 1

2021 1 AIWANISYIN ECP 9aNAUNN

A19199110
fanszandieds phacoemulsification + IOL ilaifiay
Aunsundanszaniissatnafeanudn Tueuiteses
Fracis nzﬁuﬁv‘h ECP 99uMU phacoemulsification +
IOL i 24 fou # 10P waznsldianananuiunmas
WdinanavaEeiy éy Walflsuiunguiiidenszan
LﬁmaemLﬁﬂ'ﬂmﬂmLa&"ﬂﬁmuﬁugnmwﬁamﬁmﬁa
16.0 + 3.3 mmHg WA WUITe09 Siegel LAzAME
WUWANTIHE1RAANNAUANAIHIFRanaIDE 19N 1TE

o o '

1oy win13an 10P laisnefiu
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AN 10 L AIWATBIN13YIN ECP SaNiu@anszansaeis phacoemulsification + IOL LfiBufiuN1sw1an phacoemul-
sification + IOL (PE)

Author Patients F/U Mean baseline Mean % decreased P value P-value
(n) time IOP Post-op IOP IOP (decreased
(mo) ECP + PE ECP + PE ECP + PE medication)
PE PE PE
Fracis et al” 88 24 181 + 3.0 6.0 + 3.31 10 0.01 <0.01
18+3 73+23 0.8
Siegel et a' 261 36 172+ 48 147 + 3.1 145 0.34 <0.01
177 £ 44 155+ 36 -

31!77 5 U aveunuvzey XEN gel stent lnemio #A970 anterior chamber Vl:@lﬂﬁ subconjunctival space

aMzunsnounazdaanin gelatin Fodu non-inflammatory implant 2110817

e RoApBNYBINTINGNAN (4%) 6 Wy, MANN1TABAD $19N9TEUIETEY aqueous hu-
o ATUNMWIALIN (4%) mor 27N anterior chamber 1141 subconjunctival space
o q8sE MAMYR (2%) #9lTy physiologic route uLAEniUN1TWA trabe-
e N13NL uTugnmﬁquLLio culectomy

e davandunsiniuuazANtu iU XEN gel stent %ayﬁu inserter 1 probe fu

endoscopic surgery

4. Creating subconjunctival drainage
pathway
XEN gel stent

qﬂnmﬁﬂuviaé’numzﬁu 11970 collagen-derived

711 1 Wy small corneal incision 1aafivia probe &
U4 trabecular meshwork Wé’dﬁ)’]ﬂﬁiltLVNVl:QLﬁﬂ 39
scleral tunnel @lU7 subconjunctival space w&dn
XEN gel stent aanun Iﬂﬂ\lﬂﬁmﬁn’mmﬂ%u tenon
space qﬂﬂ‘mﬁﬁ’m’lﬂﬂﬂ lumen 289 XEN gel stent
9TAIUANNIIINABENTBY aqueous [HOANHNIN ab
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waz$owaz 50 289l RLH Wldiuinausinisiiady
15m 1gG4-ROD’

WN5INE
n153fladulsm 1gG4-RD Ysznaudisnisi
dnurmasadimeidnlgiulsauaziisiuag 1IgGa+
plasma cells NI W3R “A uwD9 lgG4+6iD 1gG+

plasma cellstiNuau

* mﬂ“imé’m{imm AUSUANYAT A3 LSINLILINIINIBURA

* AMAITINLIBINGT AUSUANEAT ASISINEILNRIINIBUR
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ToudnBuen 9 adIne2edlsn IgG4-RD Tgun®

1) asldaReneITin lymphocyte fanuous
\Hu Reactive lymphoid follicles 994U germinal cen-
ters Wy T-cells lymphocyte YUIALAN LAY plasma cells
DHIINAUDEWNUILLUL

2) HAWIHALIENALUL storiform uTBDs HanBle
n33eeindeddainiom Tnaf spindle cell 1aflu
wiadanyaguinana

3) viapALABAGRENL UAARU (obliterative phle-
bitis) Tuvwedurzuanuldtoslusesien (acrimal
gland)

usnanfifonuiiaidesnia eosinophil 1§ Tae
LQW’]:IugﬂLL‘U‘U?JEN eosionophilic angiocentric fibro-
sis  WAYMNWULIALADAT1 IR neutrophil USuNuun
w308l granulomas wnsndfadulidldlglaalungs
IgG4-RD

US89 IgGa+plasma cells Tuilaife &
N iunsifady fe

1) iofesaanian (acrimal gland) #s 100 &
sanilernasneny J .ATdndagyanssdl (100/HPF)

2) Lﬁatﬁﬂuaﬁ’m:ﬁuqﬁa 3N 10 Fsianile
MAsZEY 4 ATBINADITaNTIAL (10/HPF)®

289l AMNANHULN NN BLBREIN WAL WENS
NIARUNEAN MAUNINNTIIIUIU IgG4+ plasma
cells Tusaslsn soiuudarisnui IgGa+plasma cell
dapA wnsadfladeliindu 19G4-RD Tuvnensedl wiu
FWINALIHtUNN (sclerosing forms) 3 326U IgG4
Tuidan enn viaddnwuzaey 1gG4-RD Tuadny

A9

)2

= 0 )
WEIBNILURA
Wes F9AnenzedlsadeadlNTARN  LANLIING
Humoral tay Cell-mediated immunity Hunun

o ygialafinang i auto-

Aetasiulsadaudenin
antibodies 13085 UNENENELTATalIALE "

nalnnianszdumstiin 19G4-RD fFalsitdufinay

LUR ﬂﬂﬂiﬁﬂﬁﬂjﬁiiﬂﬁﬂﬂﬂtéuﬁﬁﬂ NITNIINBDY UBN
Giﬂ‘;\'il,l,’mé’ﬁm MNP L%E]Iiﬂ ﬂ%ﬂﬂ’]‘iﬁ’lﬂﬂmﬁmﬁﬂﬁ
AnUnlal sysal & awfignuiedio unumees folli-
cular T-helper cells Tuﬂﬂiﬂitﬁunﬂi 519 IgG4+ plasma
cells 9910 cytokines #ila IL-5, IL-13, transforming
growth factor beta LY interferon gamma ﬂi::ﬁf]u

M3 Fwisie widolinumang i oy yu

21N19LL A
#ie ulvgifionsuuudesdudesly dnlaidld
v3pgaunay  uanIINaIMIMALEIe Tz dugiisin
wuawAAUNALELA FuvSomadwhd dendhane
dantnans 1n dan L uiienuns aorta, Wus siox
gnvsnn siexlnsend Wil waziamls Tavennis
fiwuyesdl 2 dnwucAon1dnt vwar Aoulu useg

PO9INNY Az IuUulIapiui

2INI5UL ANANNTSUUDIBNE \lﬁllﬂl

1. @1 winaidfiny fe AaNtim (3opay 57.7)
JD9AINIAD trigeminal nerve (3apas 38.5), extraocu-
lar muscle (39ay 24.6), diffuse orbital fat disease
(3puar 12.3), foufian circumscribed mass (3oeay
16.9), U3Luaane (Sapas 12.3) uaE WALV

11 dpaniian (dacryoadenitis) Wuipafi Ko
gy 1 vde 2 Feils Sethwusenthauassen
ﬁ'lmsﬂm (sialoadenitis ) 13831 Mikulicz disease WU
Tugndosnningzne sudusiesusnlsnaiy Sjogren's
syndrome (SS)

1.2 1 "UUse M (orbital nerve) WU branch of
trigeminal nerve ﬁmmeﬁmﬁu Taanwne infraorbital
nerve MNN3ANETBY Ohshima et al " AnAuEtn
UM 71 i’lﬂuﬂéuﬁjﬂ’)a orbital lymphoproliferative
disorder wuin §1 16 Tefu 19G4-ROD Tusuauil
9 Audl infraorbital nerve enlargement (Jzu1alnainin
optic nerve) WRTWUINIUNADAY infraorbital nerve

founauUndlugiedlalfdu 19G4-ROD ananwuL "y
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gﬂﬁ 1 #1w 1gG4 ROD iT9NITH AINNAIENT

U5y widulaléeie 1wy frontal nerve, supraorbital
nerve ihsinluAssiennism

13 n&aiilann (orbital myositis) 8138
2ININALABIIBVIANENA 1NN1IANEITEY Wallace
et al " nuirgrdun1siandmiaailadnisuenn infe-
rior rectus MINA2E superior rectus-levator complex,
lateral rectus, medial rectus, inferior oblique LAY su-
perior oblique Iﬂﬂ@ﬂamzﬁmmi NanNATLAIUn
nIsuadAUN DU

1.4 msone vludhauuuiweiia( sclerosing
orbital inflammation) 81awUsAINTD Aasiaila wiad
orbital myositis $uGEVTe LA LH>™

15 Buq Qﬂ'gﬂmamﬁ'zﬂmmivimfﬁmqmﬁu
dUAIDNL VLY nongranulomatous anterior uveitis

1138 scleritis'’

2. fiaNthane
sostaednlanuy aele wNesiu uaziin
Toannda 2 siesduly ulnglsidu Tufleanmsthnudis
wazinFoIMsuuIundn 3 wiieu dundsiinuldtesfa
submandibular gland
3. ﬁ’ua’auuazqeﬁﬂﬁ
919 8DINTINUUUTIBS FnRBY ALRBY (ob-
structive jaundice) N3V uzBIRUBaURALNG YA ¥
impaired glucose tolerance’® a1 fufasuenlsaiulsa
NIEITOIITUUNINAUNG uasziSedusou
4. szuumaiumela
infuseiRniul u Us:’?ﬁiwwagﬂé’m U
lend &nt vuazvieufiadinge'™ S pulmonary lesion
Tu 19G4-RD gnutiaiu 2uuy ledun bronchial lesion

v A 1%

Andpnsadeviauiin  AwaleenLsIABNRIADS
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3’1/77' 3 Lacrimal gland H&E stains; dense lymphoid tissue showing focal lymphoid follicles
with germinal center, fibrosclerosis especially around duct, dense plasma cell infiltra-

tion
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1

gty
’\_. }'

A

i

Yoz

31 4 Lacrimal gland H&E stain; A: lymphoid follicle with reactive germinal center

B: plasma cells C, D: duct, fibrosclerosis and plasma cells

31!7“7. 5 Immunohistochemistry stains; A: CD20 demonstrate residual B-follicles, B: CD138
positive in increased plasma cells, C, D: 1gG4: IgG ratio 40-50%
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91aMuNIi9T89 bronchial %38 bronchiolar finunedu
WazUUY alveolar lesion fihednlifiennis aranu
interstitial #38 organizing pneumonia®® 1§
5. lnuazsiangnyan
3nfiladn. DWUY tuberlointerstitial nephritis
#9 awal#iin glomerulonephritis D19FULTIIULNA
anslansldnslunuuideundunisuuuizess s
A9231NBLIIPDNAILADS WU\Lmﬁmmﬂ‘[mﬁm’auﬁuﬁ
mild enhancement?’ Tuw195188138 hydronephrosis
91N ureteral obstruction LLAZUNNAUBIAINY prostatitis
‘lﬁzz
6. Lﬁatﬁawﬁaﬁatﬁaqﬁmﬁm (retroperitoneal
cavity)
pransrawuiilaiasdnndaifaytosiias
(retroperitoneum fibrosis) 16 i USuvasaLAaALAY
aorta 5 AviiaifewRnu3ia0 Teven (sclerosing me-
diastinitis) azTuaJuILnanes Uy (multiple fibroscle-

rosis)

7. ABNULRRY
p1aNUAaNUNWABIlA (lymphadenopathy)
ANUSIUANNT Fediasusniulsa lymphoma %3

Castleman’s disease *

awaede”

NMNEB59 2891 B1ANWY bilateral lacrimal gland
enlargement, orbital fat involvement, orbital nerve
enlargement, EOM enlargement %38Wu bone remo-
deling liusilaiwy bone destruction uananiifa 1w3n
7379878 whole body FDG-PET/CT %4 1s1sauen
funiesaslsa wazn1Iney usedansSnm e

N133UaBN1e 1IgG4-ROD
91AEDINNINNARTINTINAUA WA WanTIe
JLALYN 1gG4 Tuidenuaznaduiionwendinegn &
A9 1

A151971 1 Diagnostic criteria for IgG4-related ophthalmic disease

Comprehensive diagnostic criteria for IgG4-RD 2011 by Umehara et al *®

1) AWM ENLIMTLINTEafaulalus 9N Muvafeviaraismuvie Tuadeiznierdasnnnnin

2) A573LRDA WUSEAY IgG4 9ni1135 mg/dL
3) NARIINBULLBNWNEBINY WD

- lymphocyte e plasma cell FIUIUNIN Wazd fibrosis

- 991 WD IgG4+ 6D IgG+ cells NINNI13DBAT 40 LATWU IgG4+ plasma cell > 10 61 6B high power field

Iﬂﬂ Definite 1+2+3, Probable 1+3, Possible 1+2

Consensus diagnostic criteria for IgG4-RD by Deshpande et al ®

1) wansFUlananendinevaiiatasentiinn wudnwusdsslUilatnetiay 1 49 viaulaaluithen wunin

AIMIEIWINNY 2 18

A: lymphocyte LAz plasma cells infiltrate ¥iunLLU

B: fibrosis Sesinifluanuaue storiform fibrosis

C: obliterative phlebitis

2) 9R91 UV IgG4+ 6D IgG+ cells NMNNINTBEAY 40 WAL IgG+ plasma cells ¥1NN31 100 @7 6B high power field

Tow Highly suggestive of 1gG4-related disease: 1+2
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nsidadsusnlsn

Tspduq fienaionisw avrdrafeiu IgG4-RD
oA omsanluu asnlédou i

Sjogren’s syndrome ’lm‘imﬁmaﬂi’iﬂﬁﬁiau
auasdentinaeie aedldndoutu  uwedng
ansmuriannn Gelddaanuli IgG4-RD ATI9LEBANL
anti-Ro, anti-La tfuuin uazazlinwy 1gG4+ plasma
cell infiltrate IuLfIaLﬁa

Grave’s disease Lian1sent vluiimuas
néanilanladuus thyroid orbitopathy FsH{anMUL
spare tendon WA= restriction N’mﬂ’i’ﬂuﬂf\ju lgG4-
RD

lymphoid neoplasm ﬂf\ju extranodal marginal
zone lymphoma Tagamne mucosal-associated lym-
phoid tissue Fawuldvosdl aluvdiind uslu 1gGs-
RD azifiu T-lymphocyte 1fu wulnal Tuneusdl lym-
phoma 9z1flu B-lymphocyte infiltrate N1301973 flow
cytometry 9 1WIINUBNANBULIDILTRE 1901923 PCR
ILee Southern blot hybridization Ig heavy-, light-chain
re-arrangements unsauenansziii monoclonal
lymphocyte population ‘ﬁwﬂu lymphoma nansue
polyclonal population Tu IgG4-RD'™

granulomatosis with polyangiitis (GPA) WU
fiseulsaluitiign 50-60% s1nsiwLLasAaiifiou
Tuhen episcleritis, scleritis D19gNAWNIIN sinus
Hri@esld orawudl 1gG4+ plasma cells infiltrate L¢i
M ORI IEY granulomatous lesion, vasculitis Las neutro-

phillic microabscess wWatdaa ANA uuan Feazly
wulungw IgG4-RD ™
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@

UBNINUAIIATINNIZLTD wazfion” iwaitiasdy

LUNIIAIINNITINL VIINUWUATISHLALLEDTN

N3N

El’lﬂfjuwé'n\l@iuri corticosteroids F9naL UBIGD
masnmduasnnauuty 970 Japanese consensus
guideline USaaufiuuziirde 06 Asdnsusatinming
foU Usennu 2-4 “Ua it wazAowg anad 5 AaanIy
NN 2-4 “Uam waeiin3@n¥IN13¥ maintainance dose
25-10 Anansusiatu Fruaanisnauiiugh®?

M5 pulse corticosteroids NNVIRBALRBARN
WUIIREY UBdd uslaifinsfemunalusazeny 2

WuINIEiU 1gG4 TuiRaafianandenissne ana
yann13 Juzaelsald Tunenduiu seiy 1gG4 Tuiian
fifa_andanssnen “uiusfunisnduiiusaaslee®

BINGN immunosuppressant Pldwas lewn
rituximab #9151 anti-CD20 monoclonal antibody Wy
315 rituximab 1000 RaAn5N NIVIRBALABAGM
2 afs Ve 14 Yu nsamuANpIN1Iinely 1
Wau uazlsn yuwiule 6 Wau wazpey uasRLiialH
31" upnanniliofinisTsnagdduiu duq léun aza-
thioprine, metrotexate, mycophenolate mofetil I‘Lmﬁju

vﬁﬂaﬂﬁﬁmmﬂﬂuﬁmé’wqﬂm corticosteroids®’

Wensailsa
fwpnsailind winuan “sslunisiaunzise
\inLdam217%9A Non-Hodgkin Lymphoma 1Ty 3-5
I vde3fiade 19G4-RD ® uasfwunaiianzi5adus wu
wziSoten war Neideanl wnndnauialy®
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N1FIATZAUNITHDILIAL
(Visual acuity measurement)

UUgUs NN, W.U.
Q Q =]

Wiy “nzlaaid, w.u.

“Visual acuity” (VA) manefs arwendanes i lunisinym (3ud 1)

e’ Taeflennioana wnsaluniaiuingesni 1 9naN (cycle) = 360 BdAN(degree)
AL w%aﬁnﬁwﬁoﬁammmaﬁmqﬁLfﬁnﬁ AR 1 99A" (degree) = 60 minutes of arc
nansoxpaiuld Mmisdumielunisiays laed 1 minute of arc = 60 seconds of arc

LU minute of arc (MOA) %138 arcminute (arcmin)
Y38 minute arc FUATDIANMNANTATDY 18R 4 JUUUY' AD

1. Minimum visible acuity - detection of a fea-
ture ABAN WIDlUMITAILTAQIENT awinliiule
(5U% 2)

: ((f 30 Degree Sector

T
Circle to Degrees

- .
ﬁ Qzﬁ?

Minute to Seconds Degree to Minutes

Angle Units Relationships

31/77' 1 wlunrsians
(available from:URL: http.//www.oc.nps.edu/oc2902w/c__mtutor/appendx/angunit.htm)

MAIBNNHING AUTUWNEIAT A3 LSINBILIATINBUR
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31/17 2 Minimum visible acuity - detection of a feature
(available from:URL: http.//webvision.med.utah.edu/

book/part-viii-gabac-receptors/visual-acuity)

(a) (b) (c)
gllff 3 Minimum resolvable acuity - resolution of two features

(available from:URL: http://webvision.med.utah.edu/book/part-

viii-gabac-receptors/visual-acuity)

20/200

20100

20170

2

3

4 J20/50
8 J0/40
6 20/30
T 2025
8 J0/20
9

........

3‘1/77 4 Minimum recognizable acuity — identification of a feature
(available from:URL: https://www.eboptometry.com/content/optometry/ebp-
resource-step-4-apply/practitioners-students-teachers/development-and-adop-
tion-visual-acuity-charts-based-%E2%80%9Clogmar%E2%80%9D-principles)



MITATEAUNSNBLAY (Visual acuity measurement)

Angle of
displacement

Angle of
displacement

31/77 5 Minimum discriminable acuity — discrimination of a change in a feature

(available from:URL.: http://webvision.med.utah.edu/book/part-viii-gabac-receptors/visual-acuity)

A1 1 1IN avAtleei @ (imit) TeeusRrIULULNTNDILAY

Type of acuity Measured
Minimum visible

Minimum resolvable

Minimum recognizable Identification of a feature

Detection of a feature

Resolution of two features

Acuity (degrees)
0.00014

0.017

0.017

Minimum discriminable Discrimination of a change in a feature 0.00024

(From : Levi DM. Visual acuity. In : Levin LA, Nilsson SF, Hoeve JV, Wu S, Kaufman PL, Albert A. Adler’s Physiology of the Eye 11th ed.

Philadelphia: Elsevier Health Sciences. 2011: 627-47.)

vanewa §1137151A lua15 aassie 60 axldveiieidu minutes of arc (1 degree = 60 minutes of arc) i1 minimum recognizable acuity 0.017
I— Y

degrees = 1 minute of arc)

2. Minimum resolvable acuity - resolution of
two features ApAN "ansalunsiazuenliining
2 ’J’mqagﬁwﬁuﬁaﬂﬁ A (gm’?‘i 3)

3. Minimum recognizable acuity - identifica-
tion of a feature APAIN w’ﬁﬂtumitﬁuﬁmquﬂ:
ﬁaauan‘lﬁdﬁmqﬁﬁuﬂuazﬁ ﬁal,ﬂu;sﬂl,muﬁﬁal,ﬂu
mmg'}uuaﬂ%ﬁuuwiwmﬁ (gﬁﬁ 4)

4. Minimum discriminable acuity - discrimina-
tion of a change in a feature (e.g. a change in size,

position or orientation) ABAINN 1u1salunsuanie
ANNMARNTYIAY 2 IngiivRentiaeil @ (SUN 5)

Minimum recognizable acuity
andi lenadeduiniuany wsolunisiiu

Taquazdosuanldiningiiuduesls Hunistalas
THusu¥n 1A 1Eu Snellen chart, Bailey-Lovie chart,
ETDRS chart lasluunuinaziifiamniafsnss
v3e “wanwainfizuieeningegfivssinuu auazan
@ L% 1 a LY =~ LY >
unatinasluluussinseg U Bundiasvsemsnys
w3 “wanuailuuEuiamanilin optotypes (standar-

dized symbols)

Visual angle

guﬁ")’mqv‘hﬁ’umm Foarfiouaasiilaiindiscey
nala (309 6)

fafilgnandludnesudn visual acuity fie A
ﬂu’liﬂtunﬂiLﬁu’iﬁlqmadmﬂulﬁﬂ (spatial resolving

@ A a

capacity) WindndpwilsAssuinvesingiianit afian
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JUM 6 Visual angle - 77 A uaz B { visual angle i usiyuiasvmunizegissys

e Luivini

(available from:URL: http://psyc.ucalgary.ca/PACE/VALab/Vanessa/Eye__visual__

angle1/information2.htmi)

this space
is 1 min
of arc

this space
is 1 min
of arc

MAR = | minuteof arc

6 metretesting distance

this line is

/1 min of arc

this line is
1 min of arc

\ this line is

1 min arc

5 minutesof arc

6 metre testing distance

JUA 7 E & visual angle 5 minutes of arc AVUUNNTILANT ANIAQYIAUAITY (minimal angle resolution =
MAR) 2=8awiAy 1 minute of arc A 1/5 ey ingiig

(available from:URL: http://webvision.med.utah.edu/book/part-viii-gabac-receptors/visual-acuity)

197 1WNIaNDILAULE i TmgBaidn wie wsiuld  wdar unazdauiadiu 1 minute of arc G9TUNNT

L AYINANN INNTRLUNNSNENAUENR asiuldindy  Ysenauiududidnyarusa E 1519 ndudaeiiu
UNAUBNAULASAU NE1IAD WARY IUTNHNA 5 U (BNFBg1N S ufAuuLA 3 U

1acl@udsa ¢ sndugaeiidn 2 " futesiuay

' v o A o9y & o o & ' A A
00) NS u@']LWﬂV]']TWLﬁu@nE]ﬂH‘iLﬂu E) nR1IAD NIUN
#3 E # visual angle 5 minutes of arc ALUYHTLAN

[ I

i) qﬂﬁ’“s’mmnumtﬁ’l (minimal angle resolution = MAR)

9

[ (v

lag 0 Aesurnvpeynfiiagriiuae  Inld

ey minutes of arc 9z8AWAY 1 minute of arc Ap 1/5 P09 ¥AgUUT (51
Toeentipei 0 789 minimum recognizable acui- N7)

ty 81 0.017 degrees =~ 1 minute of arc RpUIIE Rt



MITATEAUNSNBLAY (Visual acuity measurement)

6'() metres

e 1
0 20 40 60 80 100 200 feet

Distance

Uil 8 szuzvvndu v naiiu waynitingiiuausezasii uelsidiiszesla

(available from:URL: http://clinicalgate.com/ocular-examination/)

Eye with 6/6 Angle = & minof ao = 1/12 degee
“m 12m 18m
Eye with 6/18
y Em 12m 18m

SUA 9 guuu : AU 1em 6/6 9: wrsauTusIST E 3wy azecang i iiuldiazes 18 was
Jvumlnainiisses 6 s um’ywﬁw“zn"’m'lﬁﬂmm 5 minutes of arc 38 MAR = 1 minute of arc Av#l
(ANIATFIUTBINITHEILITL)

FUSW : AUl 1081 6/18 nanedy ggnne suiuiiszes 6 was usLTUAIBYIIRIUIA 5 minutes of arc
fises 18 A3

(available from:URL:http://www.ssc.education.ed.ac.uk/courses/vi&multi/vdec10iii.html)

TuudwTa 1801 1AT3UAD optotypes NG Az "
fau1@ 5 minutes of arc NiszpLAU Apll MAR = 1 VA, iien :E
minute of arc 3Bz WNINTY Fazivaiiu usyni
Tagviusisnazasite wpladfiszesle (Ui 8) d' Aoszerifignne eufusy
A e ldiuuninaieil @ @e Snellen frac- d @Apvzaszfmenesuuidsuin 5 minutes of
tion ¥ 6/6 ¥138 20/20 lapdiinnan arc 39 MAR = 1 minute of arc

(@mwusznaugui 9)
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gﬂﬁ 10 Snellen chart

=ZvoaNonnd W N

(available from:URL: https://www.eboptometry.com/content/optometry/ebp-resource-

step-4-apply/practitioners-students-teachers/development-and-adoption-visual-acu-
ity-charts-based-%E2%80%9Clogmar%E2%80%9D-principles)

Snellen chart (gﬂﬁ 10)
Andulay Dr.Herman Snellen datfunnuin
rwandildiundgunsnasani o lasfindnnisde
NNAIDNBIAIUIA 5 minutes of arc fiszaenagiu fa
i MAR = 1 minute of arc F981511"A1TBY Snellen
fraction NAULAY ULENNNIIIU A Fvindus vi-

sual angle (AU MAR 299A8N1431U9)

LU 20 200 _ 10
200 20
Ao @ E #aguniuu ape9 Snellen chart §

visual angle 10 minutes of arc flszey 20 ‘Vﬂ'm nIndl
2UNA 5 minutes of arc ¥38 MAR = 1 minute of arc i
328z 200 WA

@ visual angle TULLARZLLAITBY Snellen chart
WU 1.0, 125, 15, 2, 25, 35, 5 uaz 10 H931n
20/20 Tuhflu 20/25 ¢ visual angle LfintuSawas 25
wsian 207100 Ll 20/200 @1 visual angle Liindu

$opaz100 Wiuldhiinsfisduilidudas uillieed
wanandauuanaslunsdazuns  vesasnusi 14
ANMNEINIUANANNAU(AD E 81AN3182 L) 2689779
seineidneshiwinty Swufsnesiuudazuadla
whiuEum E 1 1 6 Sedldd twanfiuaniude
20/200 weiluusains1eq dgnne sudpesiugnuin
1 1 67 Feecldan remlunaniug) Wiulgi Snellen
chart Sefifaunnwiaemateqa i wwavl¥msia visual
acuity liundafio FeldfinsAnduunuta wauwuy
Auq feazldnanisialy

Bailey-Lovie chart (gﬂﬁ 11)
Tud) a.a. 1976 finsAnduusuda 18e1 1ag lan
L Bailey uar Jan E Lovie-Kitchin lasin&nn1sd
ATUAD standardization LAY geometric progression”®
1. Geometric progression
srafiliinanluugainlu Snellen chart M3ufiad
289 visual angle \Judnsn uitlined Feldfinng



MITATEAUNSNBLAY (Visual acuity measurement)

:FNPR Z-

-EZHPV -

: DPNFR -
: RDFUYV .

% URZVH o8
5 HNDRU o
15 130) ZVYUDN 04
12 140} VPHDE o3
#5032 PVEHR 02
75028 EHVYDF ol

6120) «

O
rre

31/17' 11 Bailey-Lovie chart

HUZIFE
UHNEZR
enger
L

L

(From : Bailey IL, Lovie-Kitchin JE. Visual acuity testing. From the
laboratory to the clinic. Vision Res 2013;90:2-9.)

AndudnT wieldluusiuia o laelulla.a. 1868
Green*® 1§l ua logarithmic progression lagld@n
/2 =2" =12599 saunlulla.f. 1959 Sloan® IfL up
8751 wiladeafeiude °/10 = 10°" = 1.2589 Ha
gsmduan logarithm 289 1.2589 azdigwindy 0.1
(log 1.2589 = log 10°" = 0.1)

\Sudiudl visual angle = 1 minute of arc #1191
Winzunludng wuitas 12589 azld visual angle
Winy 1*1.2589 = 1.25, 1.25*1.2589 =~ 1.6, 1.6*1.2589
~ 2 Judu uazdwnnAadue logarithm azwindy
\inTufiaz 0.1 log unit (log 1.2589 = 0.1) Fatiy A7
MAR fifnsous 1, 1.25, 1.6, 2, 2.5, 3.2, 4, 5, 6.3, 8, 10

wiulddn dnsn wlunsiisfias 1.2589 avwindu
$pnaz25 viseAndiu 4:5 Fedusuinly 3 steps av
winiunsguiie 12589° = (/2)° = 2 Fewifunisgu
G 2 Wuiee (4¥Ua1N visual angle 1 i 2 minutes
of arc azifiuinfinisgu 12589 viovaa 3 afv) i

gy 10 steps Anan 1.2589"° = ('410)"° = 10
(U1 12, 13)

TunnduiudAndns ulunsanas ez
NINN3Y 1.2589 wIainnunsaneiy 0.8(1/1.2589
~ 0.8) ¥3adudnsn " 54 wuheaiu dusanld 3
steps AzwifunIaaEie 1.2589° = (2)° = 2 99
wihiumsnasae 2 leefindnandi i lunisanssecnie
wulunsdlfiggnne suduwnivu alsild astfuszes
19310 6 wWes azsdeudndu 6/1.2589 (670.8)
= 4.8 1UAT LAY 4.80.8 = 3.8 LAy 3.8'0.8 =~ 3 LUAT
MNAAL (FZLAUIRN 6 LA LU 3 Lms Winunaao
0.8 Woring 3 ﬂ%;\‘i) (gﬂﬁ 14)

naalae JUde n3fifinsufineey visual angle
Judng uflaeil 4:5(1.2589 1) = 0.1 log unit
oty Tunsanszazmena v sufudosanszazng
Tudng wivinfufaidu 5:4(0.8 i) = -0.1 log unit
ULANU
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Table 1

Corresponding Visual Acuities

Vol. 30 No. 1 January-June 2016

x1.2589

(0.1 log unit, 10°")

Snellen Equivalent Decimal Equivalent Visual LogMAR*
Line No. (feet) (meters) (minutes) Angle Equivalent
3 20110 6/3 2.00 0.50
2 20/12.5 6/3.75 1.60 063
-1 20116 6/4.8 1.25
4] 20/20 6/6 1.00 K
1 20/25 6/7.5 0.80 1.25
2 20/32 6/6.4 0.63 1.60
3 20/40 &Mz 0.50 2.00
4 20/50 6/15 0.40 2.50
5 20/63 6/18.9 032 315 .
6 20/80 6/24 0.25 4.00 +0.60
7 20100 6/30 0.20 5.00 +0.70
8 20125 6/37.5 0.16 6.25 +0.80
] 201160 6/48 0.13 8.00 +0.80
10 20/200 6/60 0.10 10.00

4:5 ratio, 25%

31!77 12 Geometric progression - logarithmic progression Apn 1N Iuiias 0.1 log unit NIV

gm371 uilas 1.2589

(From : Holladay JT. Proper method of calculating average visual acuity. J Refract Surg

1997;13:388-91.)

Table 1
Corresponding Visual Acuities

V2 (2'3=1.2599)

Snellen Equivalent Decimal Equivalent Visual
Line No. (feet) (meters) (minutes) Angle
-3 20110 6/3 2.00 0.50
-2 20/12.5 6/3.75 1.60 063
-1 20/16 6/4.8 1.25 0.80
0 20/20 6/6 1.00 1.00
1 20/25 6/7.5 0.80 125
2 20/32 6/6.4 0.63 1.60
3 20/40 612 0.50 2.00
4 20/50 6/15 0.40 2.50
5 20/63 6/18.9 0.32 3.15
6 20/80 6/24 0.25 4.00
7 20/100 &/30 0.20 5.00
8 20/125 6/37.5 0.186 6.25
9 20160 6/48 0.13 8.00
10 20/200 6/60 0.10 10.00

V10 (10%" = 1.2589)
10 steps : factor of 10

FUil 13 Logarithmic progression - N3eliia 3 steps(0.3 log unit) AVINAUANANTY 2 19

(From : Holladay JT. Proper method of calculating average visual acuity. J Refract Surg

1997;13:388-91.)



MITATEAUNSNBLAY (Visual acuity measurement)

:FNPRZ

EZHPYV -

: DPNFR -
% RDFUYV

£k

)

B : URZVH
# === HNDRU
15150 ZVUDN
12 1400 VPHDE
#5002 PVEHR

3028
#1320

EHVDF

=
seme (T aeaes
rre L

]

In meters :

6,48, 38,3, 24,19, 1.5, etc.

In feet :
oe 20,16,12.5,10, 8, 6, 5, etc.

o3

o3
o1
ol

i O

FUN 14 U avAIRARIMIBIANTU MINVANNI38Y Logarithmic progression

(From : Bailey IL, Lovie-Kitchin JE. Visual acuity testing. From the laboratory to the clinic. Vision

Res 2013;90:2-9.)

AN eef LFann13Imann Bailey-Lovie chart g

VA,,z =log MAR

unuA MAR A fiuoauu A A1 MAR=10 Fratiu
log 10 =1

n3tiAn MAR flendaus 1,125, 1.6, 2, 2.5, 32, 4,
5,63, 8,10

diodu VA, fendousi 0, 01, 02, 03, 0.4, 05,
0.6, 0.7, 0.8, 0.9, 1

Foaziiulgdn nadiindnsn witas 1.2589 Wiy
mmﬁu%uﬁaz 0.1 log unit (log 1.2589 = 0.1)

Tunsdiiing aulagl$nsiiuiia (Counting fingers)
finsUszanman visual angle moviingde WintusuIa
PIBNMIVY ATDILNUIA NapAefiune 20/2007 way
nmawedaulnizasiis (Hand motion) azueindiniseiu
iy 10 win” whiusldn MAR = 10 minutes of arc

WAz 100 minutes of arc ANAIAY AILIU

Counting fingers flszay 20 Wa wihiueA e
20/200 = 1 log MAR (visual angle = 200/20 = 10
minutes of arc Fatul log 10 = 1)

Counting fingers #iszee 2 Wa WA a0
2/200 = 20/2000 = 2 log MAR (visual angle = 2000/
20 = 100 minutes of arc faviu log 100 = 2)

Hand motion #i3zay 2 e Winuen 1ee0
2/2000 = 20/20000 = 3 log MAR (visual angle = 20000/
20 = 1000 minutes of arc ﬁaﬁu log 1000 = 3)

2. Standardization

910 Snellen chart 3=1fiudn AnwuzAIdnuEs,
FWIUFITNET wazTTazieserIneuan iy e u
fiudusu dodulu Bailey-Lovie chart 3sl#finns
AMUANIATILTBILHUTA BA1Tu T

- Optotypes : FISNHILARLAIFDINAINYIN
e deluusuie "em el iendsneses
The British Standards Institute 811% waz@Isnusf
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SANS-SERIF

3’1/17 15 Optotypes - FI8nw37 [FAanpauziu non-serif

(Sans-serif)

(available from:URL: https://piktochart.com/blog/
typography-how-typeface-personalities-set-the-

tone-of-infographics/)

Vol. 30 No. 1 January-June 2016

FNPRZ-
EZHPYV -

s

FUN 16 52 =¥wlu Bailey-Lovie chart - WARZUAITEHE

w”m:zw’m”m/ummwnj”'l\mam”oa”nyifuumzfu7
URETZHEANIEATWUONTUAIN IV IO
UaIAW

(From : Bailey IL, Lovie-Kitchin JE. Visual acuity
testing. From the laboratory to the clinic. Vision
Res 2013,90:2-9.)

Size and Spacing Dimensions
Optotypes | Height ~ Width | Row (5) | Spacing | Height/
g Minarc  Minarc | Minarc | Minarc | o ko for 10 different optotypes
10 5.0 5.0 45 5 5 Sloan Letters OKSV2Z
4 5.0 5.0 45 5 5 Landolt Rings coOo0OCD?
4 5.0 5.0 a5 5 5 Tumbling E E I'ﬂ l.I.I E E
4 5.0 5.0 45 5 5 HOTV H 0 V H T
8 5.0 5.0 5 5 5 WRC Numbers & S 825
o [0 a0 fw | 4| s [ e UNRVE
5 5.7 5.7 51 5.6 5 PV Numbers 3 S 2 S S
4 6.4 43 40 4.6 7.5 Lea Numbers 8 9 8 5 6
4 5.0 5.0 51 6.5 5 Patti Pics D O Q o 0
e wf=]e] | nO QOO

FUN 17 usudn 1wagUuuUag lnglEmann13eav Bailey-Lovie chart

THfanyuzidu non-serif (Sans-serif) fimu suag
Anuni iy 544 (3UN 15)

- auuddneslunsazLiniy Tasluwau

[

(From : Bailey IL, Lovie-Kitchin JE. Visual acuity testing. From the laboratory to the
clinic. Vision Res 2013,90:2-9.)

ail TH9uu 5 FBNBINNLAY uarin1siSealvien

5ﬂ‘1ﬂiﬂ§jﬁlix‘iﬂ@’]dﬂiiﬁﬂﬁlﬂﬂﬂ Taugavaudevsarau

Fepern - TULARTUANTE LN N LTUA

ANNNTNTBIFISNET IULITUT LA TEEEYiNgTEnINg

WaYINALANN  97D9MIONEIUIIE (FUN 16)



MITATEAUNSNBLAY (Visual acuity measurement)

CONVERSION OF DIFFERENT VISUAL ACUITY NOTATIONS

Snellen Notation Decimal Visual
indicating measurement at: notation Angle LogMAR
6m | 5m | 4m ‘ Tm | 201t Independent of test distance

See Section: IX.2 IX 4 IX 5 IX 6
6/3.0 5/2.5 4/2.0 | 1/050 | 20/10.0 2.00 0.50 -03
6/38 5/32 4/25 | 1/063 | 20/125 1.60 063 -02
6/4.8 5/4.0 4/32 | 1/0.80 | 20/16 1.25 0.80 -0.1
6/6.0 5/5.0 4/40 | 1/1.00 | 20/20 1.00 1.00 0
6/75 5/6.3 4/50 | 17125 | 20/25 0.80 1.25 +0.1
6/ 9.5 5/8.0 4/6.3 | 1/1.60 | 20/32 0.63 1.6 +0.2
6/12 | 5/100 | 4/80 1720 20/ 40 0.50 20 +03
6/15 | 57125 | 4100 | 1/25 20/ 50 040 25 +04
6/ 19 5/ 16 4/12.5 1/3.2 20/ 63 0.32 3.2 +0.5
6/ 24 5/ 20 4/ 16 1740 20/ 80 025 40 +06
6/ 30 5/ 25 4/ 20 1/5.0 | 20/ 100 0.20 5.0 +0.7
6/ 38 5/ 32 4/ 25 1/6.3 | 20/ 125 0.16 6.3 +0.8
6/ 48 5/ 40 4/ 32 1/8.0 | 20/ 160 0.125 80 +09
6/ 60 5/ 50 4/ 40 1/10 20/ 200 0.10 10.0 +1.0
6/ 75 5/ 63 4/ 50 1/12.5 | 20/ 250 0.08 125 +1.1
6/ 95 5/ 80 4/ 63 1/ 16 20/ 320 0.06 16.0 +1.2
6/120 | 5/ 100 4/ 80 1/ 20 20/ 400 0.05 20.0 +1.3

FUN 18 A wAFUULLAUT

(From : Consilium Ophthalmologicum Universale. Visual Functions Committee. Visual acuity mea-
surement standard. Ital J Ophthalmol II(l): 1988;15.)

Tuilagiufinsfaduuruia 1wa1gduuusieg
Tasldndnni1sae9 Bailey-Lovie chart Aaiin13ld
§a1 iisntuiiaefilagldiiu logarithmic progres-
sion (UNASIRMIEENTIMALYA Nemanszii log
MAR charts) finsldauiudidnegs 5 sluudazuar
s:ﬂ:mqﬁLﬂummgmﬁﬁuumLLa:s:deLLm LAy
mﬁmL’%fmrﬁhé'ﬂuﬂué’numtayjﬁaﬂmwaamiﬁm To
vmdnn1siinanaan iy optotypes fiuansinaiuly
waze1afinasendozasunuta 1eaniuaadeves
optotypes (gﬂ‘ﬁ 17)

usnaniitiofian AwangUuunBug (U7 18) uen
91N Snellen fraction Lae log MAR fn Decimal nota-
tion Beldiuunsnarsludijunasylsy Tapdaniu u
n&UP8Y visual angle W3BWNAUAFIATTINIUEITDY

Snellen fraction L2

1 d

VA, s =——=
Decimal 0 (, ) d

ETDRS chart

Tutln./.1978 Early Treatment Diabetic Retinopa-
thy Study (ETDRS) group l§aunuitazyinnisdnmn
AeafunssnEnmsivmuiuaen SoldAnduLHY
¥a qwn ieldluszninefiviinis@ine Tewdaenns
LLNu’?ﬂ‘ﬁlLLﬁuET’]N’m‘ﬁuIﬁEILQWﬂ:LﬁaIﬁIuﬂ@:N@ﬁﬁ
1UALRBUT BN ETDRS chart \Lé‘gnﬁmﬁu’ﬁﬂuﬂ
.f.1982°

Tutlm./.1980 N9 National Academy of Science/
National Research Council l¢idada Working group39°
wazaandauuziilunMsHAnLNUTA 1uan Golu ETDRS
chart l@imsuenteuusiihunldfe scuznone au
4 wns wazldimsnesidy Sloan letters us ulna)
§989A NNANN15DY Bailey-Lovie chart Aplui3ag
289 logarithmic progression finsldauIuidnys
5 Mlundazial srpsvilunaviniuanunieees
FIINMT  TEHLITNINUAIIINVAIN ITDIUAIA

LAZNITIR L"’imﬁaé’nuﬂué’numzayjﬁonmwmmsﬁm
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5 are b
s O K~H N
= H
1

O CV

x1
R».Z
1x

3UA 19 Sloan letters - anwauziilu non-serif fz11aA1N vuazawn v 55

(From : Sloan LL, Rowland WM, Altman A. Comparison of three types of test target for

the measurement of visual acuity. Q Rev Ophthalmol 1952;8:4-16.)

AN 2, 3 1L ANTTAUAMNEINNIBVDILARE AIBNET

(From : Sloan LL, Rowland WM, Altman A. Comparison of three types of test target for the

measurement of visual acuity. Q Rev Ophthalmol 1952:8:4-16.)

DEGREE OF DIFFICULTY OF SLOAN LETTERS

% Correct

Sloan Letter at Threshold

NZIW<RUTUOO®

Tu udaumnsingann Bailey-Lovie chart A
- Sloan letters : axndiouuzii1zey National
Academy of Science/National Research Council’ L 18
Landolt ring Lﬂummg’lu"ﬂm optotypes 9 Sloan let-
ters Aoifudononsuitildld dnwusidu non-serif §i
2UINANN _Juazanunodu 55 Tapfins@nsndy
ANNINSBTDILARZFITNES 2 NTuNNTAEEIaY
uiazua? WilkaswzesanuendeluuaazLaying
u (gﬂff‘i 19, M5l 2, 3)

- STuenanA aufl 4 1M : ETDRS chart 1§
panuULN Bl iUsTHEaNg Bufl 4 AT aade

Wuz11289 National Academy of Science/National

DIFFICULTY SCORES FOR CHARTS 1 AND 2

Difficulty Difficulty

Chart 1 Score Chart 2 Score
MNCKZO 410.1 DSRKN 410.1
RHSDK 407.8 CKZOH 407.8
DOVHR 410.7 ONRKD 410.5
CZRHS 411.6 KZUDC 411.6
ONHRC 409.6 VSHZO 409.5
DEKSNV 408.4 HDKCR 408.6
ZSOKN 409.3 CSRHN 409.2
CKDNR 410.9 SVZDK 410.8
SRZKD 412.5 NCVOZ 412.6
HZOVC 410.3 RHSDV 410.3
NVDOK 408.8 SNROH 408.8
VYHCNO 407.9 ODHKR 408.2
SVHCZ 409.9 ZKCSN 409.7
OZDVK 411.2 CRHDV 411.1

Research Council® uananiilunisldszazmena ou
7 4 wng 3906 Ao

o szazniiu ‘e widpafunme oy
$78 near chart 7ildizesna By 40 WUANAT

o Tunsdifivinnisiadn "eaiiadsznaunis
fiaudu (Refraction) asalinszanelasldiau
025D Fufilu trial set (widhfiszezne 5 wnvse 6
AT NIBALBENANYATY 020 D uay 0.167 D AN
a1y F9lifiTu trial set)

o fillFanname aufisay 4 WA 110
wWasuiu Snellen fraction 8y iieapa 2 125U N3ed

. 4.5 20 Y
Tgdn 1wen 3*5=50



MITATEAUNSNBLAY (Visual acuity measurement)

For low vision evaluations :

the test distance 2->1 meters

VA as low as
1/40
(20/800)
(LogMar+1.6)

Correction factor 0.6

Correction factor 0.3

2 © @
D) D)

4m 3.2 2.5 2m 1.6 1.3 1Im
LogMAR 1 -> 1.3 -> 1.6

13
il

RELE T 3

Bl

FUM 20 MIAATEEENIINA BY - anlusms1 iy logarithmic progression

(available from:URL: http://precision-vision.com/product-category/etdrs-clini-

cal-trial/etdrs-charts/revised-2000-series-etdrs-charts/)

o Tunsdifiiignne aufl twadeuse  wnan
anszuznane oy laeldszesmong aufl 2 wes wie
1 03 BN ldnanlumsanszeene n3diann 4 wns
Hu 2 lwms w avifinsanad 3 steps (4/1.2589° w3
4 x 0.8° Wiy 4/2) Sewiniu 03 log unit Gty
\316B9LINAN correction factor @B 0.3 TuAY VA (1N

(% -

T8 du log MAR) lé ue 1gu dhignne suBufisses

2 wins ruiaalduaiuu o Gedidn log MAR = 1 6
1uA1 VA fildasifiaindy 1403 = 1.3 log MAR 38

)

EIRT)

sainganne susuldunadi 2 Feliadu 0.9 log MAR

P

Wuenfildiiniy 09+0.3 = 12 log MAR (31t 20)

2

ABMIINTTAUNITHDIAY
1. PNWLIARDN
- pufine ey fu 9 Faifisewe (Photo-
pic range)™

- UK welEme au HAN 39annIg

‘29l 200 cd/m? ( w30 ellgReanduntees
wHuda 1emn vIolduduta teediiadny drelu
FLeaf o)

2. v auiRssdunINediufiaza Taeisuan
Talumzanniou ligne sulanmdie wiadmaud
seunsnaafiuadisluuugnit THssananduneu

3. Ngnva aufufiscaeng 6 wes vi3e 20 W

A A

VIDNTLULN 4 LUAT (ANDHATDILHUIR 18A1) 310
ﬁfu‘lﬁvﬁgnm AUBIUAIDTNEINIDANAVTNAZAD  FILLG

UFINOVUY  AUDIAN qﬂiﬂﬂfjﬁﬂﬂﬁv}ﬂ AU NI

a

:
Fusriaiidesmslrenld widadfimsneniug uas
Tunseifiggnne sulduila snsaenlé™

4. mane s u o ilaggnne auslalaids
$opaz 50 vasuoniu” (unsdifiunuie 1o Sdsnws
vafanduu 5 i doduggnne susiassulé 3 i
393 Nansarulygunaaednlyls)

5. thwnfgnna sudusdnesluuoiu alald

T#insanszoznene oy lapanfiaz 0.1 log unit
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awiildnannly Tumedialiihnnsanszazmeiiag
$ppaz 50 BaIEBLLAN (Ransanfiay 3 steps Gt
ATEAUNNTNBITEUALE 2aedl correction factor fiay
0.3 Tunsdil log MAR %38 {un15iia visual angle fias
2 wih sodumnldifu Snellen fraction Fvnsazian
Winguiiaz 2 wi)

6. Tunsdifivhn1sanszazniona oy wAINgN
na audala wsasuld TilHiu semi-quantitative
scale

- paeluii (counting fingers, CF) §na oy
sniduimiaggnne ou uacliignne svituio
Toevimane suBdaiiszer 3 Wa, 2 W uaz 1 W A
ey

- vnggnna sulal aansaviuialdgndas
1953 Tunnsawndaulmiioluslunursenisuuiuau
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dolvla wnsasulsias Ttudinles] wwIswany -2
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¥
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° J a
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1§ 3 flundazund azliazuuutiasninggnne suil
guld 5 slundazuar Tunsdll¥ log MAR usay
f8nN¥T §A1 0.02 log unit (1 wnd & 5 FIdNMT = 0.1
log unit 9tiu 1 §8NWs = 0.02 log unit)
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pinhole (VA ¢ PH), VA with correction, VA with glasses

nstfufinArseiuntsuaaiuie 4w
29w
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v o

Ydnusfisuls Tas

VAR = 100 - 50(logMAR)

TosTuusuda 1w A 1 woddl 5 Fdnes uay
fimsnzasudazuandy geometric progression @n
iy 0.1 log unit wzasiu nduld 1 fdnus
wirfuguldfiag 1 azuuu uazwmneuld 1 uad as
wiriueuld 5 avuuu



MITATEAUNSNBLAY (Visual acuity measurement)
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Y5ue VAR #ilg Tae ansanaléain
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Ocular Perfusion Pressure in Glaucoma
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Ocular Perfusion Pressure in Glaucoma
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OPP = AP = P,-P, .. (4)

Tag P, = P of artery entering the eye

P, = P of vein leaving the eye

WU P, JANMNTUAIRAEANALYEY ophthalmic artery FOWINAUUIENIU 2/3 VBIANARUAIINAU

Tafinlul " WAsALAY BNFBEIN
140/80 mmHg

100 mmHg

Blood pressure

Mean arterial pressure
Arterial pressure L “Uld80 internal carotid = 80 mmHg (Vintie/fu)
Arterial pressure anadBnUszannl 14 mmHg 1iafly ophthalmic artery

Frati P, = 6570 mmHg e (5)

(Uszunae 2/3 289 100 mmHg)

U P, Uszannien lﬁLﬁﬂﬁUﬂaﬂuﬁugnmﬁ Fadou wnslédu

OPP = 2/3MAP -IOP . (6)
OPP = 2/3 [DBP + 1/3(SBP-DBP)] — IOP  ...... @)
Tuaudn@ 10P 7 15 mmHg
WNUAIRN (5) OPP ~ 65-15 ~ 50 mmHg

OPP = ocular perfusion pressure; MAP = mean arterial pressure;
IOP = intraocular pressure; SBP = systolic blood pressure;

DBP = diastolic blood pressure

#9937 Barbados Eye Studies® fiwu31@1 mean ocular perfusion pressure fLANAINL"B9lUNTLAR
fiorundedle AAD < 40 mmHg [RR 2.6 (95% confidence intervals; 1.4-4.6]

LATWA 1973784 Baltimore Eye Survey® fiwui1 diastolic ocular perfusion pressure fntiaandn 30 mmHg
ANNNIBINIindaAuLIaTUtY 6 i

Tu Early manifestation glaucoma treatment study WU71 systolic ocular perfusion pressure 7l < 160

mmHg {utladaviWdafiuugas (glaucoma progression)®
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Intraocular Tuberculosis
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Abstract

Tuberculosis is an airborne infectious disease. Intraocular tuberculosis may be a result of direct microbial
infection into an ocular tissue or an inflammatory response to tuberculosis antigen in remote organs. The
inflammation may occur in any part of the eye from anterior to posterior segment. The patient often presents
with gradual, persistent blurred vision. The anterior segment shows mutton-fat keratic precipitates and iris
nodules. High spike peripheral anterior synechiae are usually presented with glaucoma. Vitritis and retinal
vasculitis are common in posterior segment inflammation although retinal or choroidal granuloma is more
specific to tuberculosis. The definite diagnosis of intraocular tuberculosis is a detection of the organism from
intraocular fluid or tissue. The methods include polymerase chain reaction, acid-fast stain, and culture. In
conjunction with clinical suspicion, evidence of abnormal chest X-ray, positive tuberculin skin test, or positive
interferon gamma release assay should alert ophthalmologists for prompt treatment. The standard 4-drug
regimen consists of isoniazid, rifampicin, pyrazinamide, and ethambutol is recommended to the patient for
9-12 months period. Systemic corticosteroids showed benefit in reducing inflammation but should be given
after the induction of anti-tuberculosis drugs. Anti-vascular endothelial growth factor and laser photocoagu-

lation are helpful in case of retinal and optic disc neovascularization secondary to retinal vasculitis.

Keywords: tuberculosis, uveitis, anterior uveitis, choroiditis, endophthalmitis
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Intraocular Tuberculosis

Introduction

Tuberculosis is a worldwide airborne infection.
World Health Organization (WHQO) has declared tu-
berculosis as a global emergency.' About 6.1 million
people, reported by World Health Organization in
2016, became newly diagnosed with tuberculosis.?
Tropical regions are common endemic areas includ-
ing South-East Asia, Africa, and Western Pacific. Pri-
mary infection of Mycobacterium tuberculosis is
mostly asymptomatic under normal immunological
condition. Only small number of patients developed
signs of pulmonary infection.®> Extrapulmonary infec-
tion including eye, bone, skin, brain, and intestinal
tract is the hematogenous spread of organisms from
primary lung lesion or the reactivation of latent infec-
tion with or without active pulmonary signs. Intraocular
tuberculosis is one of the most common infectious
uveitis.*” The disease is defined as the great mimicker
as it may involve any part of the eye and imitate
other intraocular inflammatory diseases.

After the mycobacterial droplets are inhaled,
the organisms pass through the bronchial mucosa
and reside in the alveolus. About 90% of cases are
asymptomatic while the others manifest signs of
tuberculous infection at least once in their life.* He-
matogenous spreading of Mycobacterium tuberculo-
sis results in extrapulmonary tuberculosis. A study
from Brazil demonstrated the lymph node was the
most common site of extrapulmonary infection (21%)
while ocular involvement is about 2%.° Manifestation
of tuberculosis in the eye may result from direct
infection by the organisms or from immunological

reaction to remote organisms.

Clinical manifestations

Intraocular tuberculosis is the great mimicker.

It resembles any intraocular inflammations ranging
from anterior uveitis to panuveitis and endophthalmitis.
The most common form is posterior uveitis followed
by panuveitis, anterior uveitis, and intermediate uvei-
tis.”"" Typically the disease leads to chronic granulo-
matous inflammatory response, but some patients
may also present with acute recurrent non-granulo-
matous inflammation.

Anterior segment inflammation involves iris and
ciliary body. Patients may present with acute or
chronic anterior uveitis associated with mutton-fat
keratic precipitates and multiple small iris nodules.”"
(Figure 1) The nodules appear to be small gray ele-
vations of the iris surface closed to the pupillary
border or at the iris root (Figure 2). In chronic inflam-
mation, posterior synechiae are often presented.”
Mild or moderate recurrent iridocyclitis are observed."
High spike with broad-base peripheral anterior syn-
echiae is significantly associated with tuberculous
anterior uveitis."""®

Tuberculous intermediate uveitis demonstrates
similar presentation as pars planitis. The patients
usually complain of floaters and blurred vision. The
ocular signs are chronic, low-grade vitritis (Figure 3).
Snowballs and snow banks are precipitation of cells
mostly in the inferior quadrant of the ora serrata.
Peripheral retinal vasculitis and small peripheral granu-
loma can be observed.""® About 50% of tubercu-
lous intermediate uveitis are associated with cystoid
macular edema leading to variable presenting visual
acuity.’

Posterior uveitis and panuveitis are common
forms of intraocular tuberculosis. The inflammation
predominantly involved choroid. The manifestation
of tuberculous posterior uveitis can be divided into 4

groups; choroidal tubercles, choroidal tuberculoma,
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Figure 1 Mutton-fat keratic precipitates: granulomatous
anterior uveitis presenting group of mutton fat
keratic precipitates located at inferior part of

endothelium.

Figure 3 Vitritis: clumping of inflammatory cell and exu-

date in vitreous.

subretinal abscess, and serpiginoid chorioretinitis.’
Multiple choroidal tubercles arise from hematog-
enous spread of mycobacteria to the choroid. It is a
common presentation of posterior uveitis. The pa-
tients develop unilateral or bilateral gradually blurred
vision with a minimal anterior chamber and vitreous
inflammation. Fundus examination demonstrates few
to moderate numbers of small grayish yellow or white

tubercles mostly in the posterior pole. The size of

Vol. 30 No. 1 January-June 2016

Figure 2 Iris nodule: gray-yellow small nodules elevated

from pupillary border and iris surface.

Figure 4 Choroidal tuberculoma: a single large choroi-

dal mass surrounding with subretinal exuda-
tive fluid.

tubercles varies from 300-400 microns or smaller.
When treated with anti-tuberculosis drugs, the le-
sions resolve and become atrophic with sharp bor-
der. In infrequent circumstance, a tubercle can grow
larger and forms a single tuberculoma (Figure 4).
The tuberculoma may be located anywhere in the
posterior segment. It appears in single large choroi-
dal mass resembling a tumor. The mass consists of

numerous epithelioid cells and multinucleated giant



Intraocular Tuberculosis

Figure 5 Subretinal abscess: large area of subretinal
infiltrate and exudate involving superior retina
and optic disc with minimal degree of

haemorrhage.

Figure 6 Intraocular and intraorbital abscesses: CT scan
of large orbital abscess with intraocular in-

volvement in HIV-infected patient

cells. Hemorrhage and exudative retinal detachment
are commonly associated. When the organisms mul-
tiplied, granuloma grows larger with central liquefac-
tion forming subretinal abscess. The abscess be-
comes yellow with overlying retinal hemorrhage (Fig-
ure 5-7).

Serpiginoid chorioretinitis is a chronic recur-
rent inflammation primarily involved choroid and
secondarily retina. It is thought to be a hypersensi-
tivity response to M. tuberculosis in the eye."" The
lesions initially present as unilateral, multiple, dis-
crete, round or oval choroiditis with a distinct bor-
der. The lesions often involving retina outside the
posterior pole, tend to spare the fovea and may
have significant vitritis.' Subsequently, choroidal
lesions become confluent plaque-like appearance
with active edges similar to serpiginous choroiditis.
Despite anti-tuberculosis treatment, this lesion still
progresses.”” The overlying retina may be secon-
darily involved.

Isolated retinal involvement is relatively rare.
The most common form is retinal vasculitis. It is one
sample of hypersensitivity reaction to remote organi-

sms elsewhere.*'*"

The diagnosis is usually presump-
tive since the evidence of organism in the eye is
rarely confirmed. Retinal veins are predominantly in-
volved. The patient manifests with mild vitritis, retinal
periphlebitis, and neuroretinitis. Branch retinal vein
occlusion and retinal neovascularization are frequently
seen. (Figure 8)

Endophthalmitis is a rare condition, presenting
made from clinical manifestation with corraborative
evidence and exclusion of other disease entities.
Active pulmonary tuberculosis or tuberculosis else-
where is a strong suggestive evidence of having

intraocular tuberculosis although in most patients this
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Figure 7 Intraocular and intraorbital abscesses: Patho- Figure 8 Retinal vasculitis: perivascular infiltration (pre-

logical section of the patient in Figure 6 shown dominately retinal vein), intra-retina and
subretinal abscess with adjacent subretinal subhyaloid hemorrhage secondary to branch
space of fluid connectiong with retrobulbar retinal vein occlusion.

abscess.

Figure 9 Acid-fast Bacilli: numerous of acid-fast bacilli found on special stain.
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evidence is unable to identify.” Combinations of de-
scribed ocular findings have a high possibility of tu-

berculosis.'*'*18?°

Recurrences or partial responses
of intraocular inflammation after corticosteroids treat-
ment also increase the chance of being intraocular
tuberculosis.

Purified protein derivative (PPD) skin tests and
chest radiography are commonly used as corrobo-
rative evidence. The PPD skin test is significant for
the diagnosis of intraocular tuberculosis. The test is
performed by intradermal injection of 5 tuberculin
units of PPD.?' This method can induce cutaneous
delayed type hypersensitivity to Mycobacterium anti-
gen. The extent of wheal can be read 48-72 hours
after injection. The induration of less than 5 mm is
considered a negative result; 5-10 mm is positive
for HIV patients or caregiver of patient with active
tuberculosis; 10-15 mm is positive for patients in the
endemic area, individuals with prior Bacillus Calmette-
Guérin (BCG) vaccination, or healthcare workers. The
result of more than 15 mm of wheal is considered
positive in any condition. Chest X-ray, computerized
tomography (CT), and magnetic resonance imaging
(MRI) can demonstrated active or healed primary
lung lesion. Active pulmonary infiltrations with or with-
out cavities are commonly seen at the upper lobes.
Hilar or paratracheal lymphadenopathy is charac-
teristic for pulmonary tuberculosis. New modality
imaging technique, Positron emission tomography/
CT with the use of 18F-fluorodeoxyglucose (18F-
FDG PET/CT) can demonstrate site of active infec-
tion in the body. However, negative pulmonary lesion
is not the exclusion for intraocular tuberculosis.

Recently, a new corroborative test has been
introduced. Interferon-gamma release assay (IGRA)

is a technique for detecting latent TB infection that

measures Interferon-gamma released by sensitized
T-cell after being stimulated by M tuberculosis anti-
gen. There are two commercial available methods,
QuantiFERON — TB Gold In tube test (QFT-GIT) and
T-SPOT TB test (T-Spot). The IGRA has high sensi-
tivity and very high specific to M tuberculosis than
PPD skin test?** There is no reaction to an indi-
vidual who received prior BCG vaccination. The
suggested cut-off value of QFT-GIT for intraocular
tuberculosis is 2.00 IU/mL for a positive result at
sensitivity of 84% and specificity of 87%.%

Direct evidence of tuberculosis includes AFB
staining, culture, and polymerase chain reaction (PCR)
of M tuberculosis from ocular tissue/fluid. AFB stain-
ing of ocular fluid is quick and provides direct evi-
dence of organisms, but the yield is low unless the
patient has tuberculous endophthalmitis. The culture
of intraocular tissue/fluid on Lowenstein-Jenson
medium takes time for 7-8 weeks to identify visible
colonies. The success rate is low due to scant or-
ganisms. Because of high specificity, PCR is now
widely used to detect M tuberculosis DNA from ocu-
lar fluid. Although the sensitivity is variable, the posi-
tivity of PCR is greater in case of choroidal granu-
loma or abscess than retinal vasculitis.*®

The suggested diagnostic criteria for intraocu-
lar tuberculosis has been proposed by Gupta et al’
Any one or more of the clinical signs combines with
any direct evidences of M tuberculosis should be
considered as definite diagnosis of intraocular tu-
berculosis. Presumed intraocular tuberculosis is made
if there is any one or more of the clinical signs com-
bined with 1) any evidences of systemic tuberculo-
sis or 2) positive therapeutic trial with exclusion of

other diseases.
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Treatments

Consultation with pulmonologist or internist for
treatment of tuberculosis is mandatory. Medical treat-
ment with standard 4-drug regimen is recommended.
The American centers for disease control (CDC) sug-
gest treatment of extrapulmonary tuberculosis for 6-
12 months period. Lately, Ang et al demonstrated
benefit of treatment longer than 9 months for in-
traocular tuberculosis.”” All four drugs including iso-
niazid, rifampicin, pyrazinamide, and ethambutol are
prescribed for first 2 months then isoniazid and
rifampicin are continued for the next 7-10 months.
The fixed-dose combination provides better compli-
ance but may not suit individual with extreme weight.
Alternative treatment with streptomycin, fluoro-
quinolones, aminoglycosides, or macrolides is con-
sidered in case of drug allergy or drug-resistant
tuberculosis.

Paradoxical worsening of ocular lesions may
occur after initiation of anti-tuberculosis. Concurrent
corticosteroid treatment is suggested in case with
severe inflammation or immune-based intraocular
tuberculosis such as serpiginoid chorioretinitis or
retinal vasculitis. It should be prescribed in low dose
after initial anti-tuberculosis treatment. Isolated cor-
ticosteroids without anti-tuberculosis therapy can

stimulate growth of organisms leading to severe form

Vol. 30 No. 1 January-June 2016

or dissemination of infection.
Vitrectomy is helpful to obtain more specimens
for identification, clearing of media opacification, and

%29 |t is recommended in case

removal of organisms.
of endophthalmitis with severe vitritis. Choroidal tu-
bercles or tuberculoma prefers medical management.
Panretinal photocoagulation and injection of anti-vas-
cular endothelial growth factor help to reduce retinal
or optic disc neovascularization in case with retinal

vasculitis.

Summary

In summary, intraocular tuberculosis is a great
mimicker. The manifestation is various whether acute
or chronic at any part of intraocular tissue. The most
common form is posterior uveitis with choroidal tu-
bercles or tuberculoma. Retina vasculitis and serpi-
ginoid chorioretinitis support the hypersensitivity
reaction to tuberculous antigen. Diagnosis of intra-
ocular tuberculosis requires suspicion of clinical
appearance combined with evidence of organism.
New tests including PCR and IGRA provide good
sensitivity and specificity. Drug regimen for treat-
ment of intraocular tuberculosis is the same as pul-
monary tuberculosis with longer duration. Full drug
treatment should be administered to prevent resis-

tant.



Intraocular Tuberculosis

References

1.

10.

11.

12.

13.

14.

15.

Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC. Con-
sensus statement. Global burden of tuberculosis: estimated
incidence, prevalence, and mortality by country. WHO Global
Surveillance and Monitoring Project. JAMA 1999;282(7):
677-86.

World Health Organization. Global tuberculosis reports 2016.
World Health Organization.

Loscalzo J. Harrison’s Pulmonary and Critical Care Medicine.
McGraw Hill Professional 2010.

Al-Mezaine HS, Kangave D, Abu El-Asrar AM. Patterns of
uveitis in patients admitted to a University Hospital in Riyadh,
Saudi Arabia. Ocul Immunol Inflamm 2010;18(6):424-31.

London NJS, Rathinam SR, Cunningham ET. The epidemio-
logy of uveitis in developing countries. Int Ophthalmol Clin
2010;50(2):1-17.

Rathinam SR, Krishnadas R, Ramakrishnan R, Thulasiraj RD,
Tielsch JM, Katz J, et al. Population-based prevalence of
uveitis in Southern India. Br J Ophthalmol 2011;95(4):463-7.

Rathinam SR, Namperumalsamy P. Global variation and pat-
tern changes in epidemiology of uveitis. Indian J Ophthalmol
2007;55(3):173-83.

Gomes T, Reis-Santos B, Bertolde A, Johnson JL, Riley LW,
Maciel EL. Epidemiology of extrapulmonary tuberculosis in
Brazil: a hierarchical model. BMC Infect Dis. 2014;14:1-9.

Gupta V, Gupta A, Rao NA. Intraocular tuberculosis--an up-
date. Surv Ophthalmol 2007;52(6): 561-87.

Gupta B, Agrawal R, Swampillai AJ. Ocular manifestations of
tuberculosis: an update. Expert Review of Ophthalmology
2010:1-10.

Gupta A, Bansal R, Gupta V, Sharma A, Bambery P. Ocular
signs predictive of tubercular uveitis. Am J Ophthalmol
2010;149(4):562-70.

Ang M, Hedayatfar A, Zhang R, Chee S-P. Clinical signs of
uveitis associated with latent tuberculosis. Clin Experiment
Ophthalmol 2012;40(7):689-96.

Babu K, Kini R, Mehta R, Philips M, Subbakrishna DK, Murthy
KR. Predictors for tubercular uveitis: a comparison between
biopsy-proven cases of tubercular and sarcoid uveitis. Retina
2012;32(5):1017-20.

Abu El-Asrar AM, Abouammoh M, Al-Mezaine HS. Tubercu-
lous uveitis. Int Ophthalmol Clin 2010;50(2):19-39.

Alvarez GG, Roth VR, Hodge W. Ocular tuberculosis: diag-
nostic and treatment challenges. Int J Infect Dis 2009;13(4):
432-5.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gupta V, Gupta A, Arora S, Bambery P, Dogra MR, Agarwal
A. () Presumed tubercular serpiginouslike choroiditis: clinical
presentations and management. Ophthalmol 2003;110(9):
1744-9.

Gupta V, Bansal R, Gupta A. Continuous progression of tu-
bercular serpiginous-like choroiditis after initiating antituber-
culosis treatment. Am J Ophthalmol 2011;152(5):857-63.e2.

Sanghvi C, Bell C, Woodhead M, Hardy C, Jones N. Pre-
sumed tuberculous uveitis: diagnosis, management, and out-
come. Eye 2011;25(4):475-80.

Abu El-Asrar AM, Herbort CP, Tabbara KF. Differential diag-
nosis of retinal vasculitis. Middle East Afr J Ophthalmol
2009;16(4):202-18.

Sheu SJ, Shyu JS, Chen LM, Chen YY, Chirn SC, Wang JS.
Ocular manifestations of tuberculosis. Ophthalmol 2001;108(9):
1580-5.

Dunlap NE, B BJ, Fujiwara P, Hopewell PC, Horsburgh CR,
Salfinger M, et al. Diagnostic Standards and Classification of
Tuberculosis in Adults and Children. American journal of res-
piratory and critical care medicine. Am J OF Respir Cri Care
Med 2000;161:1376-95.

Sudharshan S, Ganesh SK, Balu G, Mahalakshmi B, Therese
LK, Madhavan HN, et al. Utility of QuantiFERON®-TB Gold
test in diagnosis and management of suspected tubercular
uveitis in India. Int Ophthalmol. 2012;32(3);217-23.

Ang M, Wong W, Ngan CCL, Chee S-P. Interferon-gamma
release assay as a diagnostic test for tuberculosis-asso-
ciated uveitis. Eye 2012;26(5):658-65.

Albini TA, Karakousis PC, Rao NA. Interferon-gamma release
assays in the diagnosis of tuberculous uveitis. Am J Ophthalmol
2008;146(4):486-8.

Gineys R, Bodaghi B, Carcelain G, Cassoux N, Boutin LTH,
Amoura Z, et al. QuantiFERON-TB Gold Cut-off Value: Impli-
cations for the Management of Tuberculosis-Related Ocular
Inflammation. Am J Ophthalmol 2011;152(3):433-440.e1

Arora SK, Gupta V, Gupta A, Bambery P, Kapoor GS, Sehgal
S. Diagnostic efficacy of polymerase chain reaction in granu-
lomatous uveitis. Tuber Lung Dis 1999;79(4):229-33.

Ang M, Hedayatfar A, Wong W, Chee S-P. Duration of anti-
tubercular therapy in uveitis associated with latent tuberculo-
sis: a case-control study. Br J Ophthalmol 2012:96(3):332-6.

Kuhn F, Gini G. Vitrectomy for endophthalmitis. Ophthalmol-
ogy 2006;113(4):714.

Margolis R. Diagnostic vitrectomy for the diagnosis and
management of posterior uveitis of unknown etiology. Curr
Opin Ophthalmol 2008;19(3):218-24.



62

Thai J Ophthalmol Vol. 30 No. 1 January-June 2016

B “\,“mnu'upi‘,u

(@) " INYLIT 13
9

\J

eSS The Thai Journal of Ophthalmology

0 of
M01061caL s0CE™

UIIUIBNITDAY

NPT "satuil Hulif 30 weu unAN-Jquieu 2559 Toeflunanuduauddeinussiuaivoes un. Asy
DIUNIAR 309 wamimﬁmﬁaﬂ‘stanﬁﬁﬂLﬂmLl,wmﬁniuquﬁmamLﬁum\‘imam‘n 9170 WITUY3 Taevinlu
Qﬂmﬁﬁﬁam:anuﬁamnw%a ,NFNsAnLUasIsn1589 Un. Sanduk Ruit %’mguwmﬁﬁnLumaﬁﬁ%m“ﬂﬂumi
panvuvEsadanszantusialan Lta:vhurﬁﬁmﬂ\l,ﬁi"m'mﬁ'a A iNAea Yszaadl 2550 Bndae audae
uwﬁluﬂﬁmmimm waiAld 5w uazens MApduidaumaldnmdaudiuudidunsindalulsadadiu fe
Minimally invasive glaucoma surgery (MIGS) Tasuvoifuifin trabecular out flow Wi uveoscleral outflow
aAN13 3 aqueous warszuwalld conjunctiva ﬁa%ﬁqﬂmnﬁﬁ%Lﬁ'mﬂ”mﬁmﬁmmu uwﬁuﬂﬁ«mmwm
WEY. LWYIAN 5\195'1:4 WATANLY 1389 IgG4 (immunoglobulin G4) related orbital disease TagaswusLsy IgG4 813
wiseagluseiuUnd uwinwuilifiadoasureiialdun lymphocyte, plasma cell, Eosinophil ﬁmag’umniuaﬁ’mz

U

' a

AN wazpafiweialuatiae Tawfinfinutosdusosiia u,auﬁm?iasmﬁ 59uANAN U ndwionn uas
"J%‘ﬂﬁuaﬂkﬂmnnﬁjﬂm Sjogren uaz Grave Lfugiu uwﬁuﬁ%mmsmmwm.ﬂmﬂqﬁ W gWdnuLRzAME 389
n3¥nseiunisnesiiu Waliidnlafinnzasmsianisuesiiulasldniss ey niaddnes dnsimuiniszes
qﬂnatﬁﬁiﬁmaﬁm ﬁmfﬁLﬂummﬁugmﬁﬁ’nmmmﬁmﬁ%mm fnvoausuIasilafeg 1wy uiLIALLY Snellen
WU IAKUY Bailey-Lovie %38 Log MAR Susiaanléinniniuuuusiig iy Sloan letters, Landolt ring, Lea sym-
bol Lusiu wﬁuv\ﬁmmimm Wey18B9UN1 AIN1IT UATARLT 13B9 Ocular Perfusion Pressure in Glaucoma
el ladiery “wiuszenislnaiousedlafinamanaiienfinniaeenen TaegiBouldnenemainslay
‘["ﬁmmfjl,%mLﬁmﬁmmmmﬂm A umInwadinan as3adie deun wlaan umﬁu@%mmsmm Un.unan
HoyenBed WazAMY 1384 intraocular tuberculosis i’ﬂﬂiﬂﬂé’umLﬂuiiﬂﬁwu\lﬁl,ﬁwﬁuLLﬁi’JQﬁgﬁu%wumﬂﬁ%u:
Tnslq fineanszozan1ssneands 1 3 adeds 2 3 waediu 6 &9 9 tou nead wnsanwulsnd L soerdu
frhefiwonissne umeluanmsuousineg Aesnantalsaliluladas einesussundnisreseunugidou
UNANNNYITUNT U i

NaYUSSUIENIS



Thai J Ophthalmol Vol. 30 No. 1 January-June 2016

ALUZUN °'m%'n§ NUNANMHINBIT 19

UITLANTBILNANN

fRnAuNANNLIZIANENG Ao Twushuatiu (original article) Ui (case report) nallAnvivinans
(surgical technique) wmmﬁuﬂﬁmmi (review article) UVIﬂ?l’]NﬁHﬂﬂ’]iiJi:ﬁNﬁ“ﬂ’]ﬂ’ﬁ AANBTINLIIUIBNNTUA
UNANNUTELAUTIMNE N unanad SanlFRNsuReAdN Ty “INPIY 137 giaalaiimaAnuW w%aagﬂu'ﬁ:wdwms
fnsandiiaffniiung 198y wnendl wwnassslifiadlEsunisreusunisasiind aunitarldniuniseensuanns
A379 B (peer review) AIANWLE UnAuiidntien1sdnasn (plagiarism) asldl@sunisiansun uazginusazgn
UfjL snasian

NSIASBNAUQLIL

1.

Tile pages % wisnmen lnsuaznedenge Tagldmsnes cordial new 2u1a 16 wiazmz hilusuwnsu Microsoft

word Taplsznaudewdeidsadoadud

1.1. Hai309

1.2. %avgﬁwu% Ttefuarie na W%auﬁ“\i@mgﬁﬁ

1.3. 130988 (Abstract) drunanafiidunsdonge Savtan1mdenguluiu 150 A1 uaz M lnaliiu 300
A dunenuiiiunsinelidasdanminsuaznmdangulaiiiuatnas 150 M

1.4 3¢y Key words 738 short phrases 2-5 AN

15. szynslésuaysifinnamznssnnsasusssumsideluruniadeduiifimifindeiu (@)

16. srymnanisdsewdanausslvvivesfiinusiundndasinnansdeluumans

1.7 oudivienu

iadasuarnislinim

21 fwusfuatvussaeaugioe Hanmineviansndenouils

2.2. unanufinusivaty dsznaudiedide unia (introduction) 33015 (methods) Wa (results) 331501 (dis-
cussion) UNaUAN (acknowledgements) Lan 1987989 (references) M3 (tables) waznw (figures)
IﬂﬂLﬁﬂW’]ﬁﬂﬁﬂiﬂUﬂQNﬁd Faqusz Aviedhmaneaasms@ne shnsfnwesls ednals dels e wa
Wuatinals

23, tanaszLamau mIdesihdersaiadasliinsanmuanuman: «

24. msliam mslinmningliBandnosswaniunssaivsedudne 0w Lilfiedesmneissaneu M3
wiadwiisanquidulnevsemsdeuivdnwiiviiananvasssiuiey a1 ﬁi’wﬁmmé”\mqwﬁﬁu’[mﬁm%m
mlnglwldssnitonan ﬂm‘ﬁu‘f'iaLﬂWﬂz%\aﬁuﬁuﬁ'gﬂé’nuﬂwm ‘lai‘??uﬁ"uﬂaﬂmﬁ’;ﬂﬁ’wﬁmmé’anquua:
wanidsenslEdwinmdangmdunien

A199 (tables) 1% AnRusnsvnndadineainien 1958989 aslaisnudeedi *udv Aadunaasn Tifaw

agduuumasuoiadnlrl sl Table Taelfinseomainy “miuideessn BENANEGURIE %, e e

t, T, Tt Tt f ) $4E S, 8§, 88§, 8888, , ,

A (figures) 819 aifunn “w3a213- M (JPGBMP.TIFF anuazidualitiaandn 200 dpi) vi3eiiiu artwork

Wauseninsuunszaeiiu " Svsnsasiiundesiussensnw ulfveenn

magwdaen 15 Wousruy Vancouver 1 maneianiisssisufigedluidadoadusenlisosiiasdy Tuls

Sevmusndnusvesiiinug  nstadeanans 15 Wldeu Index Medicus  “wiuen 138eBennlng T

ABULLULASITUAIDENAIBISING B LLﬁ%aﬁjﬁwuﬁ"I ‘Fasnoudie ALY we.

A9t dgULan 1581989

51 UNANNGIINAT 1 '%a@ﬁwuﬁnnﬂuﬁﬂﬁé’wmu 6 AU vi3atiEENI1 (ENNNIT 6 AUWSN MNEIY et al) lag
T80 naneuuszlfindomuneissaneudaiietng Dogru M, Katakami C, Miyashita M, Hida E, Uenishi
M, Tetsumoto K, et al. Ocular surface changes after excimer laser phototherapeutic keratectomy.
Ophthalmology 2000;107:1144-52. vi3atiuas 1sidnidisiunsdifivas (supplement) 14 Simaroj P,

63



Thai J Ophthalmol Vol. 30 No. 1 January-June 2016

Kosalprapai K, Chuckpaiwong V. Effect of laser in situ keratomeilusis on the corneal endothelium. J Refract
Surg 2003;19(suppl):237-40.

52 ﬁjﬁwuﬁﬁﬂum\juzuﬂﬂwmu The Health Care Financing Administration. HCFA Mandates preapproval for
cataract surgery. Arch Ophthalmol 1988;106:1358.

i~ 981999

53 ginusauLAe?
Shields MB. Textbook of glaucoma 2™ ed. Baltimore: Williams & Wilkins,1987.

54 giwusiungduluviasu
American Medical Association Department of Drugs. AMA drug evaluations 3 ed. Littleton: Publishing
Sciences Group,1977.

55 ginusvatau wifiussansmaviemitlunaiu
Peyman GA, Sanders DR, Goldberg MF. Comps. Principle and practice of ophthalmology vol Il. Philadelphia:WB
Saunders,1980.

56 Faamzunlaunnis
Asdourian GK, Lewis RA. The phakomatoses. In : Peyman GA, Sanders DR, Goldberg MF, eds. Principles
and practice of ophthalmology vol Il. Philadelphia:WB Saunders,1980:1186-204.

5.7 SN IUIDINUIBNU
National Center for Health Statistics. Acute conditions:incidence and associated disability, United States
July 1986 - June 1969. Rockville, Md.:National Center for Health Statistics, 1972. (Vital and Health Statistics.
Series 10 : Data from the National Health Survey, No. 69) [DHEW publication no (HSM) 72-1036].

n 159uq

5.8 UNAMNIINVIN "8
Shaffer RA. Advances in chemistry are starting to unlock mysteries of the brain : discoveries could help
cure alcoholism and insomnia, explain mental illness. How the messengers work. Wall street Journal
1977Augi12:1(col1),10 (coll).

59 UnANNININT ’]’ii’]ﬂﬁﬂﬁ 397719 139ULABU
Rouche B. Annals of medicine : the Santa Claus culture. The New York.1971Sep4:66-81.

an 1sdiannsaiin

5.1097N website
Daiger SP, Rossiter BJF, Greenberg J, Christoffels A, Hide W.Data servicwe and software for indentifying
genes and mutations causing retinal degeneration. Invest Ophthalmol Vis Sci 1998;39:295 (available
from:URL:http://www.sph.uth.tmc.edu/retnet)

5.1197n CD-ROM
Duane’s Clinical Ophthalmology (CD-ROM). William Tasman, Edwars A Jaeger. Lippincott Williams & Wilkins.
2004

115 vAualy

§aNNWIU Microsoft word 1#i8nusiiu cordia new 2um 16  laalsidasdndinazas ussia funANLasgU
Tuanlndsenin Tusaudede muﬁv‘hmuua:wmaLaﬂmﬁwﬁmaoﬁjﬁwuﬁ’ sauﬁomwmwaovgﬁwuﬁ’%aLLsn Pty
dpornchai436@gmail.com 1§ ¥1n 9 e-mail wdlifinsnaundunelu 5 Fungan wanlnad



Thai J Ophthalmol Vol. 30 No. 1 January-June 2016

Information for Authors

The Thai Journal of Ophthalmology invites submission of an article on clinical, experimental, surgical technique in
ophthalmology or related field. The submitted articles can be categorized as: original article, case report or case

series, surgical technique, review article, special article, letter to editor and miscellaneous.

The author(S) can submit an article by sending a printed copy of the article and file(S) of CD to the editor at the
Department of Ophthalmology, Faculty of Medicine Ramathibodi Hospital, Rama 6 road, Rajthewee, Bangkok,Thailand
10400, or sending files via email at dpornchai436@gmail.com. The editor will send back the notification of receiving
the manuscript within 1 week. If the author does not receive the notification, please resend the manuscript or contact
the editor. All articles will be sent to reviewers. It is the author’s corresponding to check the status of your
manuscript. The editor will send reviewers’ comment to the author if there is. The accepted publication will be

notified to the author after satisfying the reviewers and editorial board.

The copyright of the published article belongs to the Thai Journal of Ophthalmology. However the content, ideas and
the opinions in the article are from the author(s). The editorial board does not have to agree with the authors’ ideas

and opinions.
Plagiarized or duplicated manuscript will be rejected or retracted with penalty

Manuscript preparation

The manuscript must be saved in Microsoft Words (at least 2007). The figures should be saved separately in Tiff,
BMP or JPEG format. The printed manuscript should be in an A4 paper ( 22 x 29 cm.) and not exceed 12 pages.
Cordial new (font size 16) is preferred. The abbreviation should be spelled out at the first use in the abstract and text.

The abbreviation in tables or figure legends must be defined.

Manuscript components

1. Title page: includes the following items
1.1 Title: Title should be brief and meaningful. It should not exceed 100 characters.
1.2 Authors: Includes first names, last names, qualifications, and contact addresses.
The editorial board adheres to the Uniform Requirements set by the International Committee of

Medical Journal Editors (http://www.icmje.org/) for authorship. Each author must meet criteria for

authorship. To qualify for authorship, authors must make substantial contributions to the intellectual

content of the paper in three categories.

Category 1: conception and design, data acquisition or data analysis and interpretation.

Category 2: drafting the manuscript and or critical revision of the manuscript.

Category 3: statistical analysis, obtaining funding, administrative, technical or material support, or

supervision.

An author must take responsibility for at least one component of the work, should be able to identify

who is responsible for each other component, and should ideally be confident in their co-authors’

ability and integrity. All authors must declare about financial interests in any products mentioned
1.3 Abstract: should not exceed 250 words. If possible, the abstract should be written as structured

abstract, which includes: objectives or purpose, methods, main outcome measures, results and

conclusions.

1.4 Key words. The authors may provide 3-5 key words.

65



66

Thai J Ophthalmol Vol. 30 No. 1 January-June 2016

. The article should compose of several sections as necessary. The sections are: introduction, materials and

methods, results, discussion and acknowledge.

3. Tables. Tables should be separated from the article text.

Figures. Figures and legends should be separated from the article text. The figures should be saved in
TIFF,BMP or JMEG format .

References. References should be written in “Vancouver” style. If the reference is from the internet, the
authors should provide the URL and the access date.

Reference from Journal: The authors should list up to 6 authors. If the referred article have more than 6
authors, list only 6 authors and followed by et al.

Eg. Dogru M, Katakami C, Miyashita M, Hida E, Uenishi M, Tetsumoto K, et al. Ocular surface changes after
excimer laser phototherapeutic keratectomy. Ophthalmology 2000;107:1144-52.

from book :
Asdourian GK, Lewis RA. The phakomatoses. In : Peyman GA, Sanders DR, Goldberg MF, eds. Principles
and practice of ophthalmology vol Il. Philadelphia: WB Saunders,1980:1186-204.

from CD-ROM:
Duane’s Clinical Ophthalmology (CD-ROM). William Tasman, Edwars A Jaeger. Lippincott Williams &
Wilkins. 2004

from website:
Daiger SP, Rossiter BJF, Greenberg J, Christoffels A, Hide W.Data servicwe and software for indentifying
genes and mutations causing retinal degeneration. Invest Ophthalmol Vis Sci 1998;39:295 (available

from:URL:http://www.sph.uth.tmc.edu/retnet)



