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r.I\I
To measure ocularblood flo$ (OBF) in glaucomapalicnts!si11g ColorDoppler Imaging (CDI) and

.r conlpa;theOBFparameteN $'ith age- matchcd controls'

\IETIIOD
17 patierts (34 eyes) u.ith Prirnary open angic glaucoma (POAG), 14 patients (20 oyes) with

:nrndnanqlc(lo'ulcgtrucon'o'eltr".l"-ti tr'iitt'"''iontrott"elere(ruiled Peakslstoricreloci'ic'

D-\ -, .n,-l ,1,,-I.'Ii. \clocities,l-Ov'f :]''" re'i'Lttc rndice' r Rl't lor thc ophlhdlmic anerv lO\t lhe

Ii,ljl;"ll',i,iii;"iiL^J;;;"'l'";;;'teriolciliarla eries(SPCAs)weremeasuredusingCDI'

RESULT

Vian cge nreanlntraoculxrlle*LlrcIluPl'nexn')'loll(oloodpre'sure{sBP)irndrneandia'toli'
"r".,,1 

"t"t-*"i-Ogpf 
*e,. comp"iablt arnong thc group' rl u'05r' In uA' lnexn P5\ ' rin cnr/:) u cre

,ii "i"l-rl: .til.2sri:s'r:,;;:;lbi';.*'t'uereo0l 2'-2 -r-'rls l0q0-18\and

:rlean Rls werc 0.7310.07, 0.6610 04, ;:5810'06'in PiIAG PACG and controls respcctively The

iiffercnce in meaD PSVs, n'ean EDvs aid rl'-eal rus was stalistically signilicantietwecn POAG vs controls

e.iiiiiiroi""ij*; ilcG vs controls but insignificant behveen PoAG vs PACG

ln CRA. mcan PSVs (cm/s) rvere 11 1213 10 921.? 35-'-12:17!-)2; \Iean EDVs (cm'/s) rvcre

. I*r .il:2;;3tdrr!. !.lsio.ss -a \'1*n R-k u'ere 0 6910 08' 0 6810'04' and 0's3+0 0s in P0AG

, iiZj 
"i"J -"ffi,."rir""i";iv rrl" oiir"t"'* ir mean ?SVi'.rean EDVS and mean zus was statisticali]

.;;;fi;;i;;;; ioic u. 
"ont'ot' "ni 

p'qcG vs controls The differcnce \\as statisticallv insignificant

,.i.n ,-"4" putua"r",ta were comparedbetlveen POAG vs PACG

tnSPCAS,meanPSVS(cJ11,,s)u,ele9.8512.73,9,58a1,85'11'6112,7-6;meanEDVSu,ere3,05.1,]6.
I a I t 1 'A 6 sqr I q: ,n.t -ean Rts were 0.70!0.07, 0.5610.08. 0.,1110. 1,1 in P9AG. PACG and controls

'r.. "l,,iiirl ii;i,i";;;;;;;;; 
pjn,, -ean EDVs and rnean RIs was statistically sisnificantbcn\ een

,OAt r r control..rnd bcl\\ ecn PA( C r. control'.

CONCLUSION

Both POAG and PACG werecolsistently associated with decreased blood flo$' velocities andincrcaie'l

l.' "u-,.".,'.o,.".." 
Le' C\V\1\'(dr' "{ ole"e Xdnll'

'..;J,,"i"'.;-1.,;;'";.., 
r,, 'r"r, ,i rroi'""'-o'lo'''''r'''"r1'r"nr'e'i"' uc\\r \re'' 'r 'or''('t'r:'r

r.,iii, a..r,"rn."i,anOenrail com, Phonc: e5067'r0e66

A COMPARATIVE STUDY OF OCULAR BLOOD FLOW
piruq.rttsrnRs rN PoAG, PACGAND coN-rRoLS IN A
_.-] TERTIARY CARE EYE CENTRE

Fln.rncial disclosue: Non€
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i )i:Ll.n-blood flou, color Doppler imaging, peak sysrolic velocill., e11d diastolic ve]ucrtJ

I\ I II.QD!(T]AN
Glauconra is the leading cause of irrevcrsible blindness affectins nrore than 60 rnillion people

It is a progrcssi!e optic neuropath.!i11\olving characteristic strLctural cha ges ofthcoptic ncne and
.haracte stic r,isual lield delects.rRaised IOP is rcgaded as the most inrpoltant risk t'actor in the
dcvclopment and p|ogrcssio1l ofglaLrcoma. Butleducing thc IOP does not cnsure tl]c cessation ofthe disease
proglession.: 

_r'Ihatiswhl 
other sk lactors are tho ught to cont bute in glaucomatous optic ncuropathy.

Vasculal lactols havc also been implicated in the developnleot of gl.rucolncruu\ opttc nen.e
darragc. ' The 

'ascular 
h)'pothesis suggests a primary problcrn in the optic nerve circulation asi resuk ol

localizerl organic changcs in tte blood 
'csscls 

of the ncne. r'rlnabiliry to adapt to rissuc blood flow
requirementsnray lead to chronically lorv orunstable ocular pcrfusion.r'! $,hich in fum nlay cause ischeniia,
oxidative slress or both. po ssibl), leading ro glaucomatous damagc to the optic nen,e hcad.

Various techlliques have been used to cvallLate OBF in paticnts with POAG, such as scanning
ophthalmoscopl,,L' r scanning laser Doppler flotvmetiy:L: rrlatd pLrlsatile ocular blood flolv. ,, ,',Cu,rparei
\\, ith these techniques. CDI has particular advantages in that it is non-in'asive, is not affeclecl bypoor.ocular
media, requires no contrast or radiation, and has been used in ophthalmology for 20 veais.L,u,r This
rultrasound technique combi[es simu]ta@us B-modc ulrrasound imaging with colors reprcsenting
movement bascd on Dopplcr frequency shifts. It a1lo\&'s thc assessmcnt ofblood florv I e locitiej inclutlini
PSV and ED\r in the oA, the cRA and the spcAs. I11 addition. Iil. a rneasure of periphcral vasc,lai
r'(5..ra rcc, (.rn oe (J'rLlJred loJ excl- rc -obu lba I \ (..c'.

SUBJECTSAND METHODS-
A hospital bascd cross-sectional, obser\.atiolal study $.as done ovet a period of I ycar.(Januar1,

2016 to Deccmber20l6).

Patients \\,irh a diagnosis ol POAGor PACG under topical anti glaucoma mcdication with
adequatcl]' controlled IoP i.e. <21 mnr I1g (measu red on nr o cunsccu rir e u.cas tns separared by an i[terval
of at least 2 hours) r,crc inclLLded. Paticnts with isolated raised IOp. secorldary;auses of glaucoma,
rabeculectomy surgery, on Carbonic Anhydrasc Iniibitors/systemic antihypertcnsive medicatiois and noi
on topical anti- glaucoma medication andor uncontrolled inhaocular prcssures\vcre excluded fiom our
stud).

Subjects attcnding the ouipatient clinic and having a1l IOp<21 m1n Hq (i.e. trlcasued on two
.un.e.rlr\eor(.r5tutr..epar.rledb)irnit 'cntlolallc?.t2.to,tr\,bUtnut norethar-ll\eel.)$ilhanonnal
optic disc \Yeretaken as controls.

The study subjects were divided into rhlce groups i.e. pOAG group (17 patients. 34eycs), PACG
group (14 paticnts,20 eycs) and Clontrols (17 patients,3:l eyes).

IOP Lrsing GoldrnanApplanationtonontetry (GAf), SBp and DBpin rhe sittingposture (ntean oftwo
aonsecutivc measuremellts) using a nercury sphvgmomanonlctefllere -easurid tbr each studv
\ubject.Orbital CDI r.as perlinnedusing M- Turbo Ultrasound Systern (Sonosite.lnc. Borhc11, \Ih. US.1 in
thc supine position.OA, CRA, andSPCAs werc examined following a standard protocol.r,'. ,,r 

OA was
l.r.aied bv scaining mcdial to the opric nen'e approxirnately l5mrn postenor to the globe.CR \

i{t:
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r:asurements $ere taken in the nriddle of optic nerve 2-3 mm behind the sLlface of the optic disc.

:PCAswere located on both sidcs ofthe optic ncrve and were measued at a positioll that was closc to thc
::iic nelac and as anterioras possible without receiving intell'efenco from the choroirl

llBFparametels, i.e. PSV, EDV and (zu:PSV-EDViPSV) for OA, CRA and SPCAS were recorded

Figure 1).

All the paramcters were entercd in excel sheet andwcrc compared anong these tlnee groups.

Craph Pad Prism 7 (California. USA, version 7.00)\r'as used lbr statistical analysis. Continuous data
',:.e presented as mean with a standard dcviation. To compare continuous data, unpaired f-test (2
: -.mparisons) and One wayANO\A(3 comparisons) wereused Statistical significance was set at p< 0.05.

RESULTS

Demographic and general characterisiics ofstudy participants are shown in table 1, 1able 2 and 1able

-. \lean age and mean IOP werc compatable among the groups (p:0.412, 0.50). The dift'erence in nrean

-.BP aswcll as mean DBP, was also statistically insignificant (p:0.962. 0.927).

OBF parameteN and their compa sons arc depicted in table 4 and table 5. lnOA,mcan PSVand

.:an EDV uere significantly decreased in POAG (p:0.018, 0.0001) and PACG (p:0.01, 0.0001) groups as

:::npared to contiols. Similarly, mean Rl u'as significantly raised in both POAG (p:0.0001) and PACG

: 0.0001 r pat.enrscompared lo\onrnls.

Whcn POAG and PACG groupswere compared, mean EDVwas signilicantly reduced in thePOAG

-rup (p:0.0006). A1so. mean R[ was significantly raised in tho POAG group (!:0.0002).No significant

:rfirencc was seen in mean PSVs between the two groups (p:0.58).

In CR{, mean PSV and mean EDV were signilicantly rcduccd in POAG (p:0.01. 0.0001) and

llCC (p=0.0001, 0.0001) patients as comparcd to controls. RIs were also significantly raised in both the

:")ups when comparcd with controls (p=0.0001, 0.0001).

When POAG and PACG groups were compared mean PSV was significantly highcr in POAG

:,.iients (p=0.02) as compared to PACGpatients. The difference inthe rest ofthe parameters (mea11EDV



andmcan RI)ras sratisticaliy insigr ficant (p=.0.27E. 0.641
hr SPCAs, mean pSV and mcan ED V \\ cre significantly rcduced in POAG (p.= 0.01, 0.0001 ) as weIas PACG (p:0.003. 0.000 r ) patients as compared to controis. Mcan nr, .""r" .rg" ii, 

""r 
rry raise..r in both thcgroups as compared k) controls (p:0.0001, 0.0001)

On comparison ber\\,ecn pOAG"and^llAc9-gLolpf 
u,e found siglilicandy recluced nrean EDV(p-0.002) and.sigoificantly raiscdRl (p-0 000 r.) in poAG group. Trr" airci""i" i",,*" ,svs ber*een rhetwo groups did notreach up 1o the lcvelofsratJstical significince (pj.;r)."" 

,."'

DIECUSSION

The delinition ofglaucoma states that the most impoftant skfacroris theraised Iop lirroccunenceandprogrcssion ollglaucorlatous optic rteuropathy. But m;n), rand",rir.J"".*r"a ui"ls have shown thatdespite controllingIOpmanypatients ofglau"o,rrL""p on prugr"ir*;,;;-'"
Therclbrc, it $as thought that besides urlconrrolred IOp. rhere are other risk factors that interplay tocause glaucoma daruge ancl subscquentproqression. Ihe vascula. th;;;;;;l*"o,ru 

"mphasizes 
the roleof'comprornised oBF as one ofthe inrpoirrnt *:",,:,, *tri"^"lio"ii.iinr. t.t 

"."ro... 
tt.,i:; 

".o.,-
scctio[al study was done to llnd outthc 1L,lc ui\ cscLl]at.f.rcturs in p.rrients wlth glaucoma.

In all the thrce vesscls stLrdiecj. bioutl.flol.\elorrrre\ \\crc .ign,fi."itty d""."u,"d and RIs weresigniflcanth increased io POAC as weli as eACC paticnts as comiar",ii; ;;;;;ir.
NC Sharma, D Bangivae/ a/..,ralso studied OBF parameters by CDI in hcalthy and glaucomatouse),cs and found thar rnean EDv was si!,nificontty a""."r""I oJ.J* i, ii. i"**,"0,, both poAG and

I.l["o,r'*^t' '" 
t*and SPCAs.In 6.{, o^t, ,,*" psr, 

"". ,i*#";;,;.";;;"*d i"pc,Ac and IACG

Hak*rBirinci elali:.rin their srrdr_ also fbu.d out thar OBF'elocities were signilicantly decreasedin a1l the thce rcftobuibar vessels i.e. OA. CR-{ and SpCAs ,*O,iO r"i".i. Similarly, RIs in POAGpatients were si$lificantlvraised as comparea ur -rr"ir*1".,r. 
- vr !v l'4!srti

Simon J. A. Rarrkin elal.,r stuclied OtsF in CRAancl SpCAs in glauconatous patients and fouod thatconrparcd \1ith rhe nonmr suhieuts rhe parienrs with ctuo'ic oAe ,h;;;;;; starrsricarv significantJ,r'rea.c jn rltenrern fD\ dnJ an jrcfc,r:( in lhe n ean fu in alr rcs.cf,.,*.ti".i '"
PrinRojanapongpunel ar":srudied these_parameteN using cDI in oA onr) and tbun.l .ut thatblooci flo$,vetocities u.er.e significanrlt, decrease.l i; poAC paticnt.'";;;;;;;",',".,.al subjects.

-,\

!iFi
,]:::*i:l::^X"::d that rn oA and SpCAs. mcan EDVsu.cre significantly reduccd in poAGJ fu \ su cre srcnrrrcan y reduccd in poAc

::::;:t:jTlff:::,i:i.!*i::::':ll'lxrr, mccn^Rrs\\eres1*",'j-,,ii l-,,*oln'oAGpatientsal
:HiI::,:J;.,:::"11:.:,: "yi:l:.:11. 

,."* psv-*".'.ie".#;1;tili,IJii.'Ji,l'"?x::
:i;li,ljii,.il jPj-"":aticnts. rhe dilrcrence;n ilre rcst ortre par;;;;:;;;ril::i:.';::,n'i:l:]:;.:-1riiiical sisnifi cance.

_,3]ll..l"^: head is nrainly supplicd by the SpCAs $,hich arc blanchcs of rhe OA. The:::::1:rrlLr,,:trom rhe CRA and the pial vesseis are'ery srna1l..,,r Mor.eou"a, ,f.r" ,.riar."f iotf 
" 

parameters of\:: ::::..s:on erc ED\.and R l. ED\: refleoing rL. ur"."g; biooJ iio". ar.irr rfrll""=*, rn"." 
"r,n.
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Thus rve can infer that rctrobulbathemoduramics is more altered in PO-{G patients than p CG
:':l Ii.

Similar to our study NC Sharma. D Bangil aet a/":also in their study found that most olthe blood", :araneten were lnorealteied inlOAGpaticnts as comparedto PACGpatients.

Thcrefore. our stud), supports all these aforementioned studies i]1 that retrobu]barhemod),namics is
- -.:id 10 a significanr deglee in the glaucoma patients. Altholrgh from this study, it is difficult to int'er

.:hcr it is thc causc ol thc cffect ofglaucomalous opric ncur-opath\.. Mole extensivc longitudinal studies

---' nieded lor'that pur'pose.

In our stud"l, $ c onl)r rccruited patients under glaucoma nedications $'ith q,ell-controlled IOP
-Jieased IOP is the rnajor cause ofglaucomatous optic neuropathv and also a known factol afl'ecting the

..,,od flo\\. \,elocities. So. u.e havc cxcludcd an important confounding lactor from this stucll, thus reducing
::r: bias. \!t can say that this finding olaltered retrobulbarhemodynamics is not the r.esult ofincreased IOp
'.l.reover, dre dillerence in SBP and DBP u.as also not sienificant anong thc gr-oups excluding the
. ..ibility that this finding oldccrcased rehobulbar flo1\,might be the resulr ofdecreased systemic blood
::assurcs.

Therefore, in thc diagnosis and therapy ofPOAG andPACC.itis neccssar\, to know noro ly fie lOp,
_ i rhere is alsothc irnpofiance ol the OBF velocitics. Ifrve do not takc irlto account thcse additional risk
,ilors, then glaucoma migh! plogless despitc achieving targct IOPin 1nany patients.

But it is important to nrcntion here that thesc OBF velocities mcasuted by CDI are not reflcctions of
: .Lal (JBF. FoI that. we would neecl diamcters olthese vcssels which arc practicall),impossible with this
.::rnique. Morcovcr.SPcAs being the major blood supply to ONH aIe d1e most impoltant vcssels to bc
.:-liad. But CDI cannot separ-ately mcasurc the par.ametcrs in each ofthcsc vessels. The vallLes obtained
--rrlsent the mass effect produced bv a bundle of Icssels. rather than from indiridual oiliarv 1,essels.

r-.rclorc, we wouldneed abetteralternativc irl the liLturewith the same advantages as CDI.

(P\ELUSION
Both POAC andPACG are consistently associated with decreased blood flow velocities ancl increased
Rl in OA, CR.Aand SPCAs compaed to nor-mal subjects.
Thcre is a mote signilicant association ofdecreased \,clocities and raised RI in retrobulbar vesscls uith
POAG parie1lts as oomparcdto PACG patients.
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Table lNumber of ParticiDants

PACGT

Number ofsubjects

Number ofeycs

*Both eyes *,cre all'ectcd in all thc participants.
tone patient $as lLniocular and only one eve lvas affected in 6 patients
-'Both eves olall the subjects rvcre incluclcd.

POAG* CONTROLS}

Ttble 2Sex Distrihutinns*

iUale

l0(s8.82_o./, 1(41.t7%)

PACG 7(50.00 o) 7(50.091,)

Control l r(64.70%) 6(35.299'o)
* Male to fernale ratio was
rcspectivcly.

1:1, and 1.8: I in POAC. PACG and control groups

Table 3General Chararteristics

Age (ycars)
Mcan + SD

PO]G PACC
1- pctient\) ( 1,1 natrcnrs

Conlrols
(17 patients)

P valuc*

60.29 + E.06 59.14+6 t4 57.1815.75

1.1 82-?0r

0.112

0.50
IOP (rm Hg)
Mean 1 SD
SBP(nm Hg)
N,lean 1 SD
DBP(mm Hg)
\'lean t SD

15.52 :4.27 r 15.8012.62

rJ6.J51 E.22 135.71-14.09

-iR)+i, - Ga<-

136.82111.024

MJ8_5.(rl

0.962

t9z7



Trhlc -l Blood FIon Parameters

(

Table 5Statistical Sisnificance (o !'alues)*

u-,

-

I

-
i-

_l,,1
l

POA(i PA(](; Controls

)A

R.A.

PSV (cmrs) 22.81 - 6.89 23.71 + 3.30 25.85 + 2.58

EDV(cmrs)

RI

6.03 2.72 7.813 - L35 10.89 + 1.87

0.73 + 0.07 0.66 + 0.0,+ 0.57 + 0.06

PSV(crnis) 11.11 + 1.10 9.27 + 2.15 12.87 + 2.51

EDV(cnr s) 3.33 + 1.18 2.99 + 0.95 5.74 + 0.88

zu

PSV(()nA)

0.69 - 0.08

911,1+ 2.73

0.69 i 0.04

q:.i + l.s:

0.52 i 0.05

1t60 + 2J5

SP(lAs EDV(cn1/s) 3.05 - 1.25 ,1.21 + I.25 6.58 + 1.93

RI 0.70 t 0.07 0.56 + 0.08 0.,110.13)

OA CRA SPCAS

POAG vs

Controls

PSV O,O ] 8 0 0t 0.01

EDV 0.0001 0 000 t 0.0001

RT 0.0001 0.0001 0.0001

P,^.CG vs.

Controls

PSV 0.01 0.0001 0.001

EDV 0.0001 0 0001 0.0001

RT 0.0001 0.0001 0.0001

POAG vs

PACG

PSV 0 5lt 0.026 062

EDV 0.006 0.2'18 0 002

RI 0.0002 (| 64 0.0001

-Unpaircd t-test has been Llsed for statistical analysis


