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prinrr\, onelr ansle slaucoma (OAG) is a nlulti lactotial optic neuropathy characterized b) progre::r -

:J:i#i;.J":;;."r;;",j, ",,J',i*r. 
i.,""a.tins of the optic ncNe head (oNlt). rhis is lbllorved br r,.,::

ili:i:f":i.;li;#;ii"gi",ir" j".,e".r,he-neuLor.ctinal rim lNRR). Prevalence of glaucoma is 0.rr , :

,ir.i'iJ".rJ.*a,ii""tcais to 7.7'lri it subiects oler E0 years ofage'

Tr,.lilionnlh, .lias11osis and trealnlent has beerl directcd lo$ards the cotltl-ol of il'iclcased intaocul::

;::::il" lidi; "l]i:,i ,.;; ;;,;';."i""r rrsk racror Howevcr' all pallcnts \rith glaucornarous o\H
,;.:l 

"::',i;;;, ;".,. ;i", at"J titt, ana gt.,ucomarous ncuoparhy ma,v proglcss evcn at Ior in the lo\\'tee.,.

il:' ;5'*i;; il;":i i.nt,.n t;L"u.j-,(]'1ru (N1c)' Some glaucoma patients cortinue to prosress !1 :
r;rur.*".ii, ,l"u"fop rrrer'ersrblt lots ot'r isiot despite the rnedical loweing of IoP For instance in dr:

;i,:;;;;i;r;;i.r.;,na r,,al tnrrcrt $c i:liscase pr.ogrcssion rarc in thc treahnenr group \\as:150i r:

c,r,np,rred ru oli,' in the aonLru[lrrnl'

ln the collaborati\e initial glaucon]a teatm'nl 'rLrd\ (CICTS) \rb\lxntixl \ isrLJl field loss occua-cd in l -

l.5""'n,: l.,,1.'p.,,,1. olrr l.': \.al'" ' ll"'t-lf ilr(J'llc'llr\' i'rrfch'ed:rcloe (c ol ri'r'r' ''
detcrlomtlon occurred \11th oldcI '1gc l1ncl-easccl r isk ofVF loss by'109; cvery l 0 years)' race (nonwhitcs h'r _

;:tt;i;;;,'"k .elatile to wliites) antl diabe tes ( 59'l; incrcased risk relative to non-diabetic patienr:

i ik";;;. ,0q 
"i,1"""a1 

tcnsion glaucorna (N fG) paticnts show continued visrrel fieli'1 loss evcn alier :

years ollOP reductiortreatnlent'

Therefore these facts cloubt thc pathoph)'siological concept of glaxcoma bascd oll'v on IOP'and conrpel L:'

;;;;;;iil;il;iher a.soci"led Lictots iuusing darnage ind subseclLrcntprogression olthe discase'

anmnronnsed ocular blood llo$ and Lleftrngcd \,ascular alrtoregLrlatior in ihe ONH is enlcrgine as dte mi'r:

;:;:,"#;,*;',,i';.', ,r.r. *,J,". ,t"iughout the *,orlct. Mounring e!idence suggests that glaucor:..

p"i"rit f.-"* ..J,..a blood tlo\\ to the retinalch'lloid ancl optic nen e' StilL it is,not l-'et kno$n \l heiher tL:

vascular colnporant 1s conseclucnl to licreasccl IOP or the lu'o risk factors are indepcndentl-v actirrg to a-tie'

;:j';'i;;;;;: i;,1i. ro,,, t,.,n. some o[ the 
'ascr 

ar ,.isk lactors which mav be related to o'\r

ali,,I-.'-". 
'.. 

,',,. .r",''. i'',.n;'' h'n-rir'r(-'ur( r"rr.rrrtl hrl'uter''io-r",oj'rlirn(ri'iol f' ("" '

nli,,'.rin..ui.,,t,"no"".,p..ir.'her<."ndJir.,il. "."c.'redr'ition'ulocLlJ h' ndnu'\

Pathoph]'siolog] of\hri ce the O\ H Circulatior

'fo understand thc rolc ol lasculal insLtfi'iciencr of fie ONI in the pathogencsis ol glaucoma il

iJ.i",".J-i" ,"a"istand the blood 11o\\'in the ONH in health and disease and the various fictors dr''

influcnce it.

To calculale the ONHbloocl flo\\. the tbLloniiig tbmrula is used:

RloodFlot\:

Perlusion prcssure

vrscularResistance
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Peiision pressurc-W hen we dcduct IOP l'rom nrcan afterial bloodprcssurc 1\4ABP) thcn \!. r.::'j: -'
prcssure.

. Perfusion Prcssure = XIABP- IOP

. MABP: Diastolic BP+ l/3 (Systolic BP- Diastolic BP)

Bascd on the above equation u'e can say that decrease in BP or ilcrease in IOP reduces per-fusion pr.'r: -::
The blood flou, depends upon thrcc parameters: ( l) vascularresistance, (2)BP' and (3) IOP.

Vascular ResistaBce: It depcnds upon thc siate and calibcr oflhe vessels feecling the ONH circul.:i:. : :: :
rhcological propenies of the blood rvhich is influcncecl by a largc variety of hematologi! Jirirj:r.
pirrlicular-ly those causing increascd blood viscosity.

Arterial blood pressure: It is clear from the aboYe ecluation thal iuterial blood pressure is maiii ::-:r.
which can affect the perfusion prcssure in fie ONH. NoctLLmal altcrial h-vpotenslull is rn imp.'n:_' - "
t'actor for the devclopileni ofONH ischemic disorders. Theretbrc it is important to record thc night ir;:.: --i i:

asthe daytinrc recording gives no infon'nation abolLtthe BPduiigsleep.

Intraocular pressurel Therc is an inverse relationship bet* een IOP and perfusion pressLlre in the O\ ll ._

pcrsons rvith normalBP and autoregulation, a much greater rise in IOP *ou1dbc rcquired belorc lh. ( \r:
blood f1o$' is compromised. B,v contrast, in persons u'ith arterial h1'potcnsion. defecti!e auloregul3::i : : :

other vascular risk faclors. cven 'nomral" IOP may iilerlerc lvith the O\H blood llorv (c.g. in nri-.
tensio glaucoma). This mechanisrn is imporlait inthe pathogenesis olglaucolnJntu\ olrIi,: nL-un':- "'

padicularly in lormal tension slaucoma. A risc ol IOP dLrling sleep and concLlrrent delelopr:l:: :

noctLlmal artcrial hypotension may togelhcrconstitute an ilnpor1ant hidden risk laclor lbr'O-'ilH ischer:: _

vulnerable subjecis.

Evaluation ofthe 0NH Circulation

Thenrcasurernentofocular'pertlsionismuslaslowpcfusionpressurehnsbccnimplicatedasan:r:l:::-
sk factor in thc \adous studies. The ncasurelnent ofthe ocular circulation is dole b) OBI::::-:---

tcchniclues \\hich are rclatively complicatcd. These are transcranial Doppler, laser Dopplcr:1.'.'.- ':-
scanning laser Dopplcr flowmetD,, magnelic resoliancc imagiig. pulsatilc ocular blood tl.' i
(figure 1), color Dopplel ultrasound imaging (CDt) (figLrre 2), fluor-csccin fundLrs angioglaphr :
scannil'rg lascr fluoresccin angiograph),. rctinal photography oxirnenl and lemperatur t rtteclur: - -_'
imagingtcchl ques rc\eal dle irlormatioll whiclt is not alu'ays valid scientiticall,vend dr.i-- r:r:: :'
thcre owt1 ljmitations. Another important aspcct is that the measurcrncnts should be don: :l:: ,: -
houm so as to assess thcrc variabilill'.

wc \l illdescribe n\,o ir'rlpoflant tcchniques with $ hich1\'c arc crposed to:

Pulsatilc ocular blood flo\l:

This is the tech iquc measured lvith Pneumotonometer (Figu|c l ) in u'hich pLrlsl]l il: .' . . .- ...'

$'ith each hearl beat. Seventy pcrcent ofthe total blood flo$' is lneasured b\' pnluinr:. _-'-

kno$nfactthatcenlmlrctinalallerycirculationaccountsonl-', 10'l/oofthct()lilo.Lll=::' ,
thecilculationislbmrcdb-vtheposteriorciliaryaltery.Eightyt'i\epercenlLrlllli: -

nade up ofthe ciliary circulation"" and it is the main supply olthe oplic rr.n . h.:.-
got illlpoflancc in the glaucomatous damage. Iiutilizestheplessulc\o[]n;.:.,: ' I ' - - _. _

Langham and loney, and Silvereta1is rclc\ant in ii\esligati g blood llot rr1.r, :



Color D0ppler Imaging (CDI ):

l: i3rccls changes in lhc liequenc-v of soun'l rcflectcd liom liorving l'rlood allolvinq estilnalion oiil'
' .i;:i".- i:;;lt;"."us B-rnodc imaging a nd ptrlse u rr c Dopplcr tccilitr rs adueved u'ith the help oi h: 

'r:
-...;.'r'";.""-t:-.umtr,rl'cq'en't.'t'o'''LrrJopl''err'apr''cl'rnrrcB-'''rni.1rrllel'Jer''n'-
-.. -., '...,,"l.iahi'n"t,ilrerolaledb'l'rL'll;'':;n]o-c\oli'n((tlr\(r al ieo rporo\b0 "Il'(''"

."j,, ",,.c1"." 
r, 

"utained. 
Ihe riesscls i'iagc'l i'" ophittoL'ni. crtcr) ltilulc 3)' Ccntml relinal aner

trgure 1). Shot and long posterior ciliaD' anelies (figurc 5 )'

ft lras becr loundthat certain dru8s can atTect OBF'-[hese drtgs are follolving:

I Antihvoertensive medicaiionsl It has been lound that centraily actitig caicium channel blocker.
' il;ii,il.;J j",o.,,r*.-,n.*"." ocular.bloorl t'lot,whercas thc peripherally acting lik:

nifedlnrne do [or cause. other stxdics also sLlggest that angiotel]sin conve ing enz,vmes may lead t.

i".t.r'." ,.irr"ii*Jn"., 
"iong '"ltlrtl't" 

d"t;sing IoP:;lthough o study is done in the glauconlr'

Patients.

2- Estrosens: li was tound rn Rotterdam e-ve stud-v that the fcnialcs on.Homone rcplacement thcrap\
' :;;;:",';t,;;r.; ",. .t 

r'*"' risk ol rler:cloping glaucorna' " Thcse arc also kno*n to bi

n curoP rolecti\ e.

3. Nitric oride: lt is a mcdiator olvasodiiatory rcsponsc to-Bradykinin, histamine, acetylecholine'

subslance P. antl insulin. Njtrlc o) lrl( \) nthase rctluces the cltor'lda! arld optic nerre hcadblood 11or

U"rii"l 
""rli"g 

A**,se in lhe choloiiLal bLood tlo\'\ \\ Llilc gorng into dirk Iom light'

4, Cinko biloba ertract: It has been shos'ecl as a ieuroprotccliv' for rctinal ganglion ce11s ir
- 

;;;;;;; ilies. lthas alsobeer forurdro jncreasc nomalarteryblood flo\\' in normal subj ects.

fopical Medications

Nfrflv existins medrcalions are able to inter-act wilh vascLrlature' altering ocular hloorl llo\\'_ therefore it i'

:llJ;i;:t;;;,.1ir,"r..'J,.,,*.. ror glaucomabe evatuated for.rhcir e iicct on ocular circularion

l. Effect of dorzolamide on augmcntation of oB[' in the oN[I: Dorzolamidc. a topical carborii

rnlr Jra.< irhihrur rr'\ll. \\c' uni ol 'rr( fi 'l 1o;':LJl t \l: ab<teo br rlr'.1-D\ lh'rlr( lri"ln(r'l

' , l,L"* i,j". .".". ronrr' ,rr"i,l l8'o rhor':r '' L'n' 1"' 'ncilfbo.r:c 
'rt 

'r\df''((rr'l\'near rl-e lc\e""

ii:'ffi; ffi;. il'iiiL-;"ii*, timolol clo-cs not seem to ahcr the ocolar hemoclvnamics' uherea'

iil,'.ri"'ir,"ra"'i,r'"r""t", 
-,J 

tj"ti",i .it'*itculation an'l ocular blood flow (oBr) lncreased OUF *rtl'

;;;;;i;l;" h p"t;ibl,' caused bv a direct vasorliltrtor ef'fect ofdorzolanide and not sccoltdary to a clecleas;

ir l(lP The Dre-slstoljc \elocll\ ot CRA in giaucomatolls eycs ald the cnd diastolic velocit-v ol dr:

l]",,,,,.r.t,.':,.."1 ,,r 
", "",ri." ' '" '''''tit' ncfc:'"'\'ir\'rurl' la'n dc' l rmrn'rrol rc"ci "n

.r.,r,*l..ft.l".i 'r'eo.,9r fi..ir'll' r'r;l-<'r'r"'"atter'"rei'l't'llat''r"' do "l rn ile'

2, Elltct ofLatanoprost: A stLrdy slio\\'ed that Latanoprcst illficases oculatblood florv bcsides decreasin:

IOP in non[al sLLbjecls.

.'1. Bcta blocLers (Timolol and Beta\olol) ln \ 'lrlous 5ltLLl Lc\ hc\ L' loilnd 1lr't to letcr the ocul3r blood f]01\ '

tia_r.r," ia, treatnent.r,ith,:rphthalrnre bcLoroLul rmprorcs ocuhl hcmud-vnamics- b) 
-lo\\'e1ing 

tle
l]li,i,lli i ,r..l..'"iiir" ,,pr.it 

"i",iJ ".i".' 
,"1 resulrs in ar imp.ovcment in the visual fields ofpaticnts \\'idl



NTG. In view ofthis positive effect on blood flow and visual function, betaxolol is recommended in the
manageme[t ofpatients with NTG.

4. Brimonidine does notalters the ocularhemod;,namics.

5. Rho kinase Inhibitors: These are newer addition to medical management ofglaucoma which increase
the bloodflowbyrelaxationofsmooth muscles. These are still undertrial phase.

References

I . Heij I A, Leske MC, Bengtsson B et aI.; Early Manifesr claucoma Trial Gloup. Reduction of intraocular pressure an<l
glaucoma progression: resdts Aom the Early Manifest Glaucoma Trial. Arclr ophthalmol. 200 2;1ro:1268-j9
2- Lichter PR, Musch DC, Gilleslie BW et al. Interio clinical outcome inthe collaborative initial glaucoma
treatment study comparing initial treatment randomized to medications or surgery Ophthalmology
2001;108:1943-1953

3. Hayreh S. Blood supply ofthe optic nerve head and its rcle in optic atrophy, glaucoma and edema ofthe
optic disc. Br J Ophthalmol 1969;53:721-48

4. Weineb RN. Ocular blood flow in glaucoma. Can J Ophthalmol. 2008 ;43 (3 ):2 8 1

5. WilliamsonTH, HarrisA. Ocularblood flow measrxeiilent. Br J Ophthalmot .1994.,j8:939'-45


