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Acute Central Retinal Artery Occlusion with
Hyperbaric Oxygen Therapy
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Abstract

Acute central retinal artery occlusion is one of the ophthalmologic emergency

conditions. Patients develop acute painless visual loss and require emergency medical

treatment. Nowadays, there is not any recommended definite treatment. Nevertheless,

there are many kinds of optional treatment including hyperbaric oxygen therapy,

fibrinolytic agent, anterior chamber paracentesis, etc. Hyperbaric oxygen therapy is a kind

of optional treatment as it provide oxygen supplementation at choroid layer. Consequently,

oxygen diffusion to retina is increased. The literature of the retinal artery occlusion cases treated

with hyperbaric oxygen therapy (HBOT). Overall 64% of cases have shown improvement

when treated with HBOT. This article reviews anatomy and physiology of visual systems,

acute central retinal artery occlusion and treatment using hyperbaric oxygen.

Keywords : acute central retinal artery occlusion, hyperbaric oxygen therapy, acute visual loss
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lsAnaeniionunieUsEa1angasiu
LQgUNEU (Acute Central retinal artery
occlusion) iunnegiwdlalugtasenguszann
60 - 64 U flgliAn3aiin wugtheiftesUszana
0.85 AU Tuusey1ns 100,000 Au" damsiin
NNMseaFuTeImaDAdonLAiaeUsTa AN
Tnsautden (Embol) w3aLfinainniséniay
YDIABALREA (Arteritis) HUIELUGIBDINT
wesuiuanawdeundulaelifoinisuianie
91MsPuLIReu nMsueafiuaunsaanasle
upamdeifissaunsaifuiivesgnaa
(Finger count) BIDLNYIAIUITAUDNTANIS
furveanas (Light perception) wiiagwu
gUAn1salsn usslauddyuazdssanseny
o mTInvestiaeilusgiann ileaan
danansgnulnenIwon1TUURY N15ATII
$19NMEN 1IN YINYILATIANUVADALRBA

JaUsEAMAAuLAUAY FaUsramanAsudy
d11191nN15UIaLEeR RTUNINgR (Macula)
f9ndunady (Cherry red spot) n1sAnwly
divaaes wuin dewadUszamanuinden
lundeides (Complete occlusion) Wuszeziian
90 - 100 W1l Azinsgaydeiganuszangn
98190175 (Irreversible damage) 15Anaan
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Hafemduannnuoanisiinning
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laun lsnanudulaiings lsalumanu nae
Touludeninund n1gnsudsiveudon
AnUnd laun anulinunfvesnanidonuas
Yadun1sudesvesdon (Platelet and factor
abnormalities) n15t¥e1AUA1LTda (Oral
contraceptive) lsplafinareudinfindonuns
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sULAB (Sickle cell anemia) ngulsafiiaay
Unhvodmoaatau (Collagen vascular
disease) Fa19ungulsngiAuiuinansnuies
(Autoimmune disease) L% Lupus #39 Giant
cell arteritis 1Jumu

Tutlaguudslifuumuanisinelai
fifoudtaau sgrlsimuinadenmssnm
wuuane9) laua A1sUntnIgeanBauLs Iy
UT381N1Ag3 (Hyperbaric Oxygen Therapy)
nsanAuaunglunlnenisiveianaay
Fumn mimzLmﬁﬂusdawﬁﬂ@ﬂmaaﬂ 19
Y8181a0naenlnun15Le Pentoxifylline
#39N158AAY Carbogen (MINENTEVING 95%
oxygen ey 5% Carbon dioxide)

dm5uN1UIURAIUD 0N TLAULTIAU
U3381N1Ag3 (Hyperbaric Oxygen Therapy :
HBOT) Tuazvil#anuiudosveteandiau
(Partial Oxygen Pressure) luvsnadunososs
(Choroid) Lﬁuﬁﬁu aaﬂ%wuﬁl,ﬁu%u%mmm
unskw (Diffuse) Wit uaeUszamen (Retina)
FeagAntutunasosd (Choroid) 1 finalviae
Uszamanfinineandauiiesninraeniden
w3l szamataadudsunduaslasy
pendlauaIntunesesd (Choroid) wnu

et A 2008 Undersea and Hyperbaric
Medical Society (UHMS) audi#lvin1sundn
AEBDNTLIULIIIUUTTEINIAGY (HBOT) U
wialudgnsnunlsavasnidenunive
Uszammgasudeunau tnelisedundangiu
\BaUszdnyoglusedu I b ileldinaseiann
duranunnglsanilasiusng (American Heart
Association) lnglvisnuastdenindindngius
Usgdn¥ainsigaungugUliedaunds
(Retrospective case series) Tusgaunalgian
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UsgamangasuidgunaunionisunUneie
90N TAULSIUUTTBINIAES BEslsAnugalyl
In1sfnwInisnaasneadiinLuuduiazd
nauAIuAulUt 1w (Prospective randomized
controlled trials) N15UNUMAI8 80N TLAY
ussfuusIeINIAgsiednduisnnsionsuld
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Usgdndnenuainmsfnusedud 1 livsing
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Hennepin County Medical Center fdeq
Tullualnda Spluillenn Ussmaansgeiusn
Anudn fuaedifinnizvasnidonuniae
Uszamagasuideundudilasunstdade
PENTLAURTIAUUTTEINAGS Inedlszaziia
fudiSufienisaufanandildsunstidase
poNTlaULTITUUTIIINAgeiannd 6 dalue
nuin Sewar 83 velUlyvziiseAunis
veuiufiu Ingiade 6 waa Snellen eye
chart dugthefifiszeznandiBuiionnisauds
nafildsunisvidadiseandiauusedy
U3IBINIAGS 6 - 12 Falas wudn Feway 73
avflsviunisueaiiuity lnewds 5 uon

Snellen eye chart*
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waendenunsiunasdutinndy
WULATI11910 Ophthalmic artery §44ANLUL
98nU191A Internal carotid artery bha e
Ophthalmic artery g9uanuuusly Lﬁya 3
lAseas1aiU1an (Orbital structures) Lag



dedasauitian (Tissues of the globe)’ Tne
Central retinal artery t1u1lutd1a1n19
Optic nerve unnidunanenvuadssmemiuly
(Inner layers of the retina) Wwae long posterior
ciliary arteries \Ae9nosaEs (Choroid) wavae
Uszammnauuen (Outer layers of the retina)’
F0UsEAMAN VRN aDAEaANN
L?TENL?LJuQi (Dual blood supply) szuulnaisu
BonlusoUsramaiazvidssaauszaman
Fulu uazszuulnaioudenlutunesessas
dpsseUszamanduuen lunzundiszuy
Tnadouidenlutunosossazdieandiouly
Feseauszamandudnilnginindesas 60 1
lanzeeUsramatuluiildueondiay
Tngnssanszuulnaioudesiudusetsyam
A1 dn1sAnwludninaaes WUl oendiau
nszutlnaisudenludunesessaiuise
uwsnulUdssaeUsramadululdiome
dlelgsusandiauiiu (Hyperoxic conditions)
WiesnwIn1svineunes Ganglion cell wazae
Uszaman leszuulvaisuidenluas
ﬂizmmmgﬂﬁﬂ’mmwé Feveuszammaunse
waniasusendauszninszuulnaiouden
HFulurouszammuaviunesossila
Tudszansiluasiivssannsursdin
ﬁﬁﬂ’liﬂi’mg%aﬂ Cilioretinal artery 311N
AnwrlugUie 1,000 Aau lngldi8n19m579
NaOALEINDANI1UN1TANANSTIUE (Fundus
fluorescein angiography) WU Seuay 49.5
YOI TUNSTIRiiviaenLien Cilioretinal artery’
Tnevaendontiazlidosdu Papillomacular
bundle $9diwad5uuas (Photoreceptor)
SrnuinuardndusenisueaiuusiuEu
A39na19 (Central vision) ¥NAANIZADUTEEMN
mrmdenlufiasngul agdsilidenannidy
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Fonthntaedomelszamen vildshwnis
voafiudrunanaldled Fadndndunguid
wensailsaiia

Aunisiidnaziinnisgaiues
Central retinal artery fio #unisfivasnaden
LLT/]QVIS@%U Dural sheath aaLduUsza NNy
(Optic nerve) \usumiafiinnasnidonuns
JoUszaMAgARUdsUNEULNNTIdN dauns
9nfuvesduLaen (Thrombus) $niAa
$ILIAUS Laminar cribrosa’

duidengasiu (Embolism) Wuanime
wdniiviliAelsanaendonuniaeyszaman
oadudsundulpesnnnvasnidenundajiiae
(Carotid artery disease) $intina1n athero-
sclerotic plaques #aaaLAaoA carotid stenosis
wagiladuunasddeyues emboli®

Tud m.@. 1982 Arruga & Sanders’
I§AnwnAgafuviinues embol ﬁLi‘Jumma
284N19LAA1IANAALADALAIIDUTZEINAN
9o wudldilu 3 viin Ao 1) Cholesterol 74%
2) Calcific emboli 10.5% 3) Fibrin platelet 15.5%

gravatvduiden (Fibrinolytic agents)
Tgsnwlatanie Platelet-fibrin emboli uilsl
annsaazay Cholesterol 113 Calcified emboli
1% Fedunsldeoravaredndenssaiuiss
Snwduaglauisdiu egralsiniunisiven
azangaNdondslianunsadnwigiiediilvg
fe5euar 85 MiAnlsAvaendenunimayszam
maafuInaImRBule’
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durelsadouniladniay (Endocarditis)™

15ANa0ALHRALAIRBUTEAIVANEAR UL UNSY
wulduszanas 1 AuaIN 10,000 AU vaEUle
uoniunsran’ lnosiniAnluggaony eng
wae 60 FTuld egralsfmuiisieaunisiin
Tanilluguaeidnuas Soguiduiu lnenuly
Aweninndngugs Tnidulumdnafenas
Tomadusesineuszanadoas 1 - 2 winhl
Us2tnnv9l5ARa0nIA0ALAIID
Uszamangau uundu 4 Uszian'!
1. Non-arteritic permanent CRAO

HUaelsaviaeniionuwntelsean
mgasudrlg 2 Tu 3 vesfthetvundn
agﬂuﬂ'ﬁzmmﬁu faweinan Platelet fibrin,
Thrombi wag Emboli Fudunauiainlsa
aondenundde (Artherosclerotic disease)
Paduidalsznauseg

-lsamudulafings (Arterial
hypertension)

- TsALuIvu (Diabetes mellitus)

- lspviaonidonuasnilsin (Carotid
artery disease)

-lsnvaeniaoniiala (Coronary
artery disease)

-lsAvasalaonduey (Transient
ischemic attacks or Cerebral vascular accidents)

- miquqﬁ (Smoking tobacco)

- Tsaloideu (Renal disease)

21ANNSANBILUY Aged-matched
cohort study TugU3slsavaeniienunias
Uizmmmqmﬁuﬁy’wm 249 Au (VT3NS
gadumttaestng sildnsAnwinseunay
M1veEUae T 289 419) Wud Tsaladoud
ANFuRUSAUNITIAAlIANADALADALAITD
Uszammgadiuegailledfynieaiia
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Jadudadug wu Bsaneiuveon
Geaviinsnag luasound Tunguiitaeiieny
Yion (e18tfenndn 50 U) ngulsamariugnssu
fnsudeiveaudeninuni (Proatherogenic
state) 1% U Hyperhomocystenemia, Factor
V Leiden, Protein C, Protein S hazlsav1n
Anti-thrombin prothrombin nsHAa1e8Y
(Gene mutations) 1A Sickle Cell #aanldon
nadlulsaluinsy uazngueinisiiinduly
AU78153 (Paraneoplastic syndromes) Wava
p1adduTwviliiAnlsanannldonLAgaD
Uszameaadusiin Non-arteritic™

Hadeidomen wu erusiulugnm
Wity aneiidauinunfivestaussaman
(Optic nerve head drusen) wag Preretinal
arterial loop Auvanidwaliidenluidety
Uszavaanas'®

2. Non-arteritic transient CRAO
nwulauszunusesay 15 - 17 v89
AUlelsAvaenidonitaiaausyanngnsiuy
wazdnisnensallsadifian'® fdnvauzadne
AMzaueIndendinswaiinaiinn n1s
funslvaioudenlunaonien Central
retinal artery Wuralenismely n1sdnw
Tudninaass Wud1 N1IUARITIAT19904
waendoniinandlsiniufivdeseanuiain
\nanLdeAul Atherosclerotic plaques o
Junalnfiilfiinnizuindendiasiilu
HurelsAviaeniionuasIaUszanagasiu'
3. Non-arteritic CRAO with cilioretinal
sparing

PR8I U Non-arteritic CRAO NG9
fifuaenduilasivasaiden Cilioretinal
artery wuuszanaSesaz 49.5 vesjeviaen
\HenunsvaUsramatgany’ danalvidaadl



BoaurdulUidosanuszamanldumsd
NaeALiEnLAIIBYTEAIMANRARY EDORIeY
BonfilUiassaedszamasvuUsduniy
TIUIULVUIVOINADALEDN
4. Arteritic CRAO
wuldusvanasesay 4.5 veerthe
lsAnasndanwniaelszainaigaiu dnd
A9 310 Giant cell arteritis'
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fuaelsniiinazifinenisnihegn
ialunarliitundilaglifiennisuanen
viseden1smiiauentans (Amaurosis
fugax) 1unew Wunefiaanivinden
deundusuudaasis Wunisvsuendnd
Embolic gadulunasmiden® agelsiniud
sreuinneiiianuduiudiu Gant cell
arteritis' nsuenfiuvesUiedineglusziu
Finger count 914 Light perception Uszu1eu
ovaz 74 - 908 Tusefidisdl Cilioretinal artery
11889 Fovea syduaematuldifeuiia
SLAUUNR HAYBITEAUNITUDLAUNGINTT
SAUFURUSAUTEAUAI IR LA T2 ZLIA1VD
nsiAalspnaunsuAsSnw

1ul A.A. 1891 H1891uv93 Nettleship
e uednuaeiinyanuan Ophthalmoscope
ludhelsanaenidonunsaslszaimaignsiu
141 vinaeemildvtu fgaveuwadailsl
Hidenoan vasnlaoaLALazAItUIUInUNR
Linunisnansevenefvemasnidoniioiy
wsstudaensldtanaiignan’® Hayreh way
Zimmerman lénsa9dnvaznisiUdsunas
YosamluTe CRAO vy Large retrospective
review U A.f1. 2007 911 248 92 Vo U8 240 AU
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TuszeziRgundunsiany Iadunady (Cherry-
red spot) 398z 90 0A1TFAVI (Posterior
pole retinal opacity or whitening) So8ay 58
box-carring of retinal arteries and veins
($owaz 19 wariosaz 20 AIUEIAU) HADN
\@oALAIAY (Retinal arterial attenuation)
Yauaz 32 Sausvammua (Optic disc edema)
Youay 22 uazdaUszamanda (Optic nerve
pallor) Saway 39 TnRTIANUAIUAAUNG
USLaeU Posterior pole usidnwauglngsauun@a®
\losa1ndinisfnwinuanuynves
Tsauwnu Tsannuduladings Tsandande
wilaviaien lsavaenidenduss Lagn15gu
ynigetuegnsfiteddglugvaslsanasn
FonunsmeUsramaigaiu?? dufuisnis
ATIIMIAUNAVRINTTAALTARAEAITATIY
WisBuuvaafinnves Emboli Taen15nsaa
vaeaLden Carotid waznsnsaaiiladiendy
Foanige nfensinidedenisnisunmg
ageasuitulugUislsanasniiontniae
Uszamanaafuaeuna

WUINIINITINILIA
Na0ALAaALAIRRUTEHINAN
v o v w
aaduRsunaulutagiu
WWINNNMTTNELSANADARDALAITD
Uszammgaiuidsunduiiviais Conservative
uag Invasive treatment fUaelsAviaaniion
wasIRUsTAMARARURUNG Uil lonaTogan
Aagmeiodld 91nnsAnsdmanedduds
(Rhesus monkey) W31 39ANUNNSYAYINANY
1o 97 Wil wALAITYNYINAERENNITNAS
nar1uly 4 Falusainnsidnisgaduves
vaondonagsanysal :nnsAnwuanddi
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Wiuinssevnandfivindenunutuasyinlile
nanuFuuIL? uinnsAnwnludnidulale
wiloudnwnzniaiinlsalunyud Seiilona
tossnnlaziAnnsgaiulunasaidenunsiily
AoseUszammegisauysal Sauuziiniens
Wn135n91 lsarannidonuniaalssainan
gasudsundunisly 24 daluevdsdennts”
U930 Conventional therapy Us¥naunie
15911 Emboli nga n1sanAuaulugnm
waiiunslradewdonlurauszavan
Rumelt, Dorenboim & Rehany fnwn
wu31 nslinissnevanedsuassefiosiu
Frelinanisusadiuntuiisuiunisidentd
8019519 UU Conservative Ly 9814la
a8mile F3ETIvllunsShen Useneuse
A15uIA (Ocular massage) N13ouenléay
\fioveanasaden (Sublineual isosorbide
dinitrate) nsliien Acetazolamide 58 Mannitol
NNAALADAAINIDNITIASUUTEN UL
Glycerol Lﬁaammmﬁu"lugﬂm AUFICRE
szunginlugeantiainum (Anterior chamber
paracentesis) N151% 81 Methylprednisolone,
Streptokinase Y1N39%aaALARAAT Lazn1TLAeN
Tolazine M99 UNEIYDIaNAT (Retrobulbar)
N155n¥ILUU Conservative Liige 1 v 2 39
Fuldifiane® fin1sdnvives Cochrane
controlled trials Lo AsAATgaluATNY
lsAviaondonunIanUseaInagady Fraser
way Siriwardena w31 U3 Randomized
controlled trials TafdlaAunamdndfinsls
Jeaquilifideyaiifismenazindulainnig
Shwnguuuladivsednsuadmiunissnuilse
naeAiaAwARaUTEAMANEARUEE UNGW
n1s¥nwsuudug wu n1slinela
728 95% Oxygen Lay 5% Carbon dioxide
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(Carbogen) Wiotiusziueandiauiiinvesae
aligetu Jagtuiinisinuidieisinin
Tutaglu wu n158euasiaiwas Nd-YAG”
(Neodymium : Yttrium-Aluminium Garnet)
iievinlviAnn1svaneenluves Embolus uaz
NSNIAR m'itzhéfﬂﬁﬁuqﬂm (Vitrectomy)
FIMAUNTANABALADALAY LAWY Embolus
sonlunieidou (Manipulation) % Embolus
fuunnuavindeullduiulatsq veaaen
Benuns Wud egrslsAnunanissnuile
gelaiuriuou

U a.A. 2010 European Assessment
Group and Lysis in the Eye (EAGLE) lalluauns
NanN1IANYILUU Prospective randomized
clinical trail adausn WunsAnvidieudieu
N155A¥I5 Intra-arterial T-PA U Conservative
treatment Tnens19fianuly 1 Houw wuan

¥
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i = 9} % aX i I
ANRAYUDITEAUNITUDINAUAVUYN 2 ﬂqll VLN

a

wanA1efy sERUnTsuD wRuRRTuee el
Hod1Agyn19ada (0.3 logMAR) Sevaz 60 Tu
mj:u Conservative treatment Wag5eeay 57.1
Tunguitldf Thrombolytic uinsAnuiFsnan
éfaa&;aamﬁaamﬂﬁé’mmmﬁmnmmﬂsﬁau
911N1355n1¥1 (Adverse event rate) Qﬂgﬁyu
Teun @eneanluanes (Cerebral hemorrhage)
Tunguillé3usrazarsauiden (ntra-arterial

rt-PA group)®
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Freszeznannely 24 il
n1sinwgUlelsanasnlisnunive

Uszamangaduldeunaulagnisiidanae
99NBLAULTITUUTTIINAgaRlsaneIua
aumdanszUuindn Wlduumsugjdanng
Undersea and Hyperbaric Medical Society U
2012 (UHMS 2012 Faiduuuanianyy joa
ananlnefiuumeUfoR il

1. Ieondrausiudif 1 ussenia
&msal (ATA) Tnglst Fio, gadign

2. Ussidlunmsueaiuvd slieandiau
15 w1 MnsyFunIsNeLiuATuedail
Weddgy Wisugednwselulsmeuia lny
Tinieladagoendiau 15 undl nadalug
Usgiliuszdunisueaiunnaiiimeladae
91n1a s wadeistauninsedunis
upauyesfUaenaiii 1 usserniaduysal
(Normobaric) 2 F3las wi¥eunnnin 96 dalua

3. d9lUsnuIA890nTLAULTIAY
UT381N1Aga (Hyperbaric Oxygen Therapy)
mnlifinsnovaueslu 15 wiiiusn
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(ATA) Uszifiugasiimeladiseiniandausn
(30 30 wriiusn) Wiiuanunafuussene
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States Navy Treatment Table 9 : USN TT9)
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usssIniaduysal (ATA) Wifiuaaunasy
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UTTMIAdY 0l (ATA) 1w 90 Wil Tuag 2 et
6. i Uenauaussdanisinln
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\
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15 min. every hr. for 90 min.*
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not improved
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2.4 ATA
not improved
improved
Conduct USN TT6 USN TT6*

1. Discontinue treatment

Options are

2. Continue with normobaric oxygen**
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not improved
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