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Preoperative�and�Postoperative�Ocular
Blood�Flow�in�Cases�with�Cataract�and

Pseudoexfoliation�Syndrome

ABS�TRACT�Objective: To�compare�orbital�blood�flow�parameters�in�patients�having�cataract�with�and�without
pseudoexfoliation�syndrome�before�and�after�cataract�surgery.�Material�and�Methods: In�this�prospective�study;
54�cases�(79�eyes)�taken�into�the�study�were�monitored�and�treated�in�the�1st�Ophthalmology�Clinic�and�Radiol-
ogy�Clinic,�Atatürk�Training�and�Research�Hospital.�Of�those,�31�cases�(43�eyes)�had�cataract�and�pseudoexfolia-
tion�syndrome,�23�cases�(36�eyes)�had�only�cataract�(control�group).�Color�Doppler�imaging�was�performed�to
measure�ocular�blood�flow�parameters�preoperatively�and�21�days�after�cataract�operation�in�each�case.�Preoper-
ative�and�postoperative�values�of�resistive�indices�and�pulsatility�indices�in�the�ophthalmic,�central�retinal�and�pos-
terior�ciliary�arteries�were�compared.�Results:�When�compared�preoperatively�with�the�control�group,�cases�with
pseudoexfoliation�syndrome�showed�no�statistically�significant�difference�in�the�resistivity�index�values�of�the
ophthalmic�artery�(0.77�±�0.08;�P=�0.356),�the�central�retinal�artery�(0.80�±�0.11;�P=�0.711)�or�posterior�ciliary�ar-
teries�(0.79�±�0.10;�P=�0.097).�Preoperative�pulsatility�index�values�of�patients�with�pseudoexfoliation�syndrom�in
the�ophthalmic�artery�(1.72�±�0.38;�P=�0.548),�the�central�retinal�artery�(1.85�±�0.54;�P=�0.269),�or�posterior�cil-
iary�arteries�(1.81�±�0.54;�P=�0.074)�were�not�statisticaly�significantly�different�than�control�group.�When�com-
pared�postperatively�with�the�control�group,�patients�with�pseudoexfoliation�syndrome�showed�no�statistically
significant�difference�in�the�resistivity�index�values�of�the�ophthalmic�artery�(0.78�±�0.07;�P=�0.126),�the�central
retinal�artery�(0.83�±�0.08;�P=�0.225),�posterior�ciliary�arteries�(0.79±0.10;�P=0.496)�and�in�the�pulsatility�index�val-
ues�of�the�ophthalmic�artery�(1.69±0.38;�P=0.356),�the�central�retinal�artery�(2.05�±�0.55;�P=�0.364),�posterior�cil-
iary�arteries�(1.74�±�0.47;�P=�0.393).�Cases�with�pseudoexfoliation�syndrome�showed�no�statisticaly�significant
difference�between�preoperative�and�postoperative�values�of�resistive�indices�and�pulsatility�indices�in�the�oph-
thalmic,�central�retinal�and�posterior�ciliary�arteries�with�the�exception�of�pulsality�index�of�central�retinal�artery
having�a�higher�postoperative�(2.05�±�0.55)�than�preoperative�(1.85�±�0.54)�value�(P=�0.043).�On�the�other�hand,
preoperative�and�postoperative�values�of�resistive�indices�and�pulsatility�indices�in�the�ophthalmic,�central�reti-
nal�and�posterior�ciliary�arteries�were�not�significantly�different�in�control�group.�Conclusion: In�patients�with
pseudoexfoliation�syndrome,�all�studied�retroorbital�blood�flow�parameters�did�not�show�any�significant�changes
except�an�increase�in�postoperative�pulsality�index�in�the�central�retinal�artery.
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ÖZET�Amaç:�Psödoeksfoliasyon�sendromu�olan�ve�olmayan�kataraktlı�hastalarda�katarakt�ameliyatı�öncesi�ve
sonrası�retroorbital�kan�akımı�parametrelerini�karşılaştırmak.�Gereç�ve�Yöntemler: Bu�prospektif�çalışmaya�alınan
54�vaka�(79�göz)�Atatürk�Eğitim�ve�Araştırma�Hastanesi�1.�Göz�Kliniği�ve�Radyoloji�Kliniği'nde�tedavi�ve�takip
edildi.�Bunlardan�31�vakada�(43�göz)�katarakt�ile�birlikte�psödoeksfoliasyon�sendromu�mevcut�iken,�23�vakada�(36
göz)�yalnızca�katarakt�mevcut�idi�(kontrol�grubu).�Oküler�kan�akımı�parametrelerini�ölçmek�için�her�vakada
katarakt�ameliyatı�öncesi�ve�katarakt�ameliyatından�21�gün�sonra�renkli�Doppler�görüntüleme�yapıldı.�Ameliyat
öncesi�ve�sonrası�oftalmik�arter,�santral�retinal�arter�ve�posterior�silier�arterlerdeki�resitivite�indeks�ve�pulsatilite
indeks�değerleri�karşılaştırıldı.�Bulgular: Psödoeksfoliasyon�sendromu�olan�vakalar�kontrol�grubu�ile�ameliyat
öncesi�karşılaştırıldığında,�oftalmik�(0.77�±�0.08;�P=�0.356),�santral�retinal�(0.80�±�0.11;�P=�0.711)�ve�posterior�silier
arterlerde� (0.79� ±� 0.10;� P=� 0.097)� resitivite� indeks� değerleri� istatiksel� olarak� anlamlı� farklılık� göstermedi.
Psödoeksfoliasyon�sendromu�olan�hastaların�ameliyat�öncesi�oftalmik�arter�(1.72�±�0.38;�P=�0.548),�santral�retinal
arter�(1.85�±�0.54;�P=�0.269)�ve�posterior�silier�arterdeki�(1.81�±�0.54;�P=�0.074)�pulsatilite�indeksi�değerleri�kontrol
grubundan�istatiksel�olarak�anlamlı�farklı�değildi.�Psödoeksfoliasyon�sendromu�olan�vakalar�kontrol�grubu�ile
ameliyat�sonrası�karşılaştırıldığında,�oftalmik�(0.77�±�0.08;�P=�0.356),�santral�retinal�(0.80�±�0.11;�P=�0.711),
posterior�silier�arter�(0.79�±�0.10;�P=�0.097)�resitivite�indeks�değerleri�ve�oftalmik�(1.69�±�0.38;�P=�0.356),�santral
retinal�(2.05�±�0.55;�P=�0.364),�posterior�silier�arter�(1.74�±�0.47;�P=�0.393)�pulsatilite�indeks�değerleri�istatiksel
olarak� anlamlı� farklılık� göstermedi.�Psödoeksfoliasyon� sendromu�olan�vakaların� ameliyet� öncesi� ve� sonrası
oftalmik,�santral�retinal�ve�posterior�silier�arterlerdeki�rezitivite�indeks�ve�pulsatilite�indeks�değerleri,�santral
retinal�arter�pulsatilite�indeks�ameliyat�sonrası�(2.05�±�0.55)�değerinin�ameliyat�öncesi�(1.85�±�0.54)�değerine�göre
yüksek�olması�(P=�0.043)�dışında�istatiksel�olarak�anlamlı�farklılık�göstermedi.�Diğer�taraftan,�kontrol�grubunda
ameliyat�öncesi�ve�ameliyat�sonrası�oftalmik,�santral�retinal�ve�posterior�silier�arterlerde�resitivite�indeks�ve
pulsatilite�indeks�değerleri�istatiksel�olarak�anlamlı�farklı�değildi.�Sonuç: Psödoeksfoliasyon�sendromu�hastalarında
ameliyat�sonrası�santral�retinal�arter�pulsatilite�indeksinde�saptanan�artış�dışında,�incelen�tüm�retroorbital�kan
akımı�parametreleri�katarakt�ameliyatı�sonrasında�anlamlı�bir�değişim�göstermemiştir.
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PUR PO SE

se�u�do�ex�fo�li�a�ti�on�syndro�me�is�a�syste�mic�di-
se�a�se�cha�rac�te�ri�zed�by�the�pre�sen�ce�of�dust
li�ke�pse�u�do�ex�fo�li�a�ti�ve�ma�te�ri�al�in�ocu�lar�tis-

su�es.1 Chan�ges�in�ocu�lar�blo�od�flow�was�re�por�ted
in�pse�u�do�ex�fo�li�a�ti�on�syndro�me.2

Alt�ho�ugh�it�was�re�por�ted�that�so�me�ocu�lar�blo�-
od�flow�chan�ges�ob�ser�ved�in�ca�ta�ract�pa�ti�ents�in
con�trast�to�he�althy�con�trols,�it�is�not�cle�ar�how�ocu-
lar�blo�od�flow�chan�ges�af�ter�ca�ta�ract�ope�ra�ti�on.3-4

This�qu�es�ti�on�is�mo�re�con�tro�ver�si�al�in�ca�ta�ract�ca�-
ses�with�pse�u�do�ex�fo�li�a�ti�on�syndro�me.�

Co�lor�Dopp�ler�ima�ging�is�a�sa�fe�and�no�nin�va-
si�ve�met�hod�al�lo�wing�eva�lu�a�ti�on�of�or�bi�tal�blo�od
flow�pa�ra�me�ters.�It�has�be�en�in�cre�a�singly�used�in
the�as�sess�ment�of�many�disorders�that�affect�or�bi�tal
he�mody�na�mics.5-9

In� this� study,�we� in�ves�ti�ga�ted� or�bi�tal� blo�od
flow�pa�ra�me�ters�in�pa�ti�ents�ha�ving�ca�ta�ract�with�or
wit�ho�ut�pse�u�do�ex�fo�li�a�ti�on�syndro�me.�Blo�od�flow
re�sis�ti�ve�in�di�ces�and�pul�sa�ti�lity�in�di�ces�in�the�oph�t-
hal�mic,�cen�tral�re�ti�nal,�na�sal�pos�te�ri�or�ci�li�ary�and
tem�po�ral�pos�te�ri�or� ci�li�ary� ar�te�ri�es�we�re� as�ses�sed
using�co�lor�Dopp�ler�ul�tra�so�und�(CDUS).

MATERIAl AND MET HODS

In�this�pros�pec�ti�ve�study;�54�ca�ses,�mo�ni�to�red�in
the�1.�Oph�thal�mo�logy�Cli�nic�ta�ken�in�to�the�study.
Of�tho�se,�31�ca�ses�(43�eyes)�had�ca�ta�ract�and�pse�u-
do�ex�fo�li�a�ti�on�syndro�me,�23�ca�ses�(36�eyes)�had�ca-
ta�ract� alone.� This� study� was� ap�pro�ved� by� the
ins�ti�tu�ti�o�nal�et�hi�cal�com�mit�te�e.�The�re�se�arch�fol-
lo�wed�the�te�nets�of� the�Dec�la�ra�ti�on�of�Hel�sin�ki.
Writ�ten�in�for�med�con�sent�was�al�so�ob�ta�i�ned�from
each�par�ti�ci�pant�be�fo�re�the�study�started.�

Eva�lu�a�ti�on�of�vi�su�al�acu�ity� tests,�bi�o�mic�ros-
copy�of�the�an�te�ri�or�seg�ment,�me�a�su�re�ment�of�in-
tra�o�cu�lar� pres�su�re� with� app�la�na�ti�on� to�no�metry,
go�ni�os�copy,�and�fun�dus�co�pic�exa�mi�na�ti�on�using�a
Gold�mann�thre�e-mir�ror�con�tact�lens�we�re�per�for-
med�in�all�pa�ti�ents.�Bi�o�mic�ros�copy�and�fun�dus�exa-
mi�na�ti�ons� we�re� re�pe�a�ted� af�ter� mydri�a�sis� was
ac�hi�e�ved� by� app�li�ca�ti�on� of� pheny�lep�hri�ne� HCL
2.5%�(MydfrinR Eye�Drop,�Al�con)�eye�drops�thre�e
ti�mes,� fi�ve� mi�nu�tes� apart.� Pse�u�do�ex�fo�li�a�ti�on

syndro�me�was�de�fi�ned�as�the�pre�sen�ce�of�pse�u�do�ex-
fo�li�a�ti�ve�ma�te�ri�al�on�the�lens�cap�su�le�or�ne�ar�the
pu�pil�or�as�the�pre�sen�ce�of�tran�sil�lu�mi�na�ti�on�de�fects
ne�ar�the�pu�pil�ac�com�pa�ni�ed�by�nor�mal�op�tic�disc
fin�dings�and�an�in�tra�o�cu�lar�pres�su�re�(IOP)�less�than
21�mmHg.10,11 Pre�vi�o�us�or�cur�rent�his�tory�of�any
to�pi�cal�or�syste�mic�drug�use�was�re�cor�ded.�Pa�ti�ents
with�eye�di�se�a�ses�ot�her�than�ca�ta�ract�and�pse�u�do�ex-
fo�li�a�ti�on�syndro�me�and�tho�se�with�di�a�be�tes�mel�li-
tus� or� any� ot�her� syste�mic� and/or� car�di�o�vas�cu�lar
di�se�a�ses�and�a�his�tory�of�tran�si�ent�isc�he�mic�at�tacks
or�stro�ke�we�re�exc�lu�ded.�

Co�lor� Dopp�ler� ul�tra�so�und� was� per�for�med
using�a�7.5-14�MHz�mul�tif�re�quency�li�ne�ar�ar�ray
trans�du�cer�(GE,�Lo�gic�9,�Mil�wa�u�ke�e,�USA).�All�exa-
mi�na�ti�ons�we�re�per�for�med�whi�le�the�pa�ti�ents�we�-
re�in�su�pi�ne�po�si�ti�on�with�the�ir�eyes�clo�sed.�At�the
be�gin�ning�of�each�study,�op�tic�ner�ve�that�pro�vi�des
the�most�use�ful�land�mark�for�the�iden�ti�fi�ca�ti�on�of
the�ret�ro�bul�bar�ves�sels�was�lo�ca�ted.�The�oph�thal-
mic�ar�tery�is�si�tu�a�ted�abo�ve�or�be�low�the�op�tic�ner�-
ve�in�the�pos�te�ri�or�or�bit�and�pas�ses�for�ward�in�to�the
na�sal�or�bit�in�a�ho�ri�zon�tal�pla�ne�slightly�su�pe�ri�or
to�that�of�the�op�tic�ner�ve.�The�se�ves�sels�we�re�exa-
mi�ned�ap�pro�xi�ma�tely�25�mm�be�hind�the�glo�be�in
the�na�sal�or�bit�when�the�ves�sels�we�re�in�a�stra�ight
po�si�ti�on�at�the�si�te�where�the�most�re�li�ab�le�re�sults
co�uld�be�ob�ta�i�ned.�The�cen�tral�re�ti�nal�ar�tery�was
de�tec�tab�le�at�ap�pro�xi�ma�tely�10�mm�be�hind�the�ret-
ro�la�mi�nar�por�ti�on�of�the�op�tic�ner�ve,�whe�re�it�ex-
hi�bi�ted� a� stra�ight� co�ur�se.� The� pos�te�ri�or� ci�li�ary
ar�te�ri�es�be�gin�as�trunks�ap�pro�xi�ma�tely�10�to�20�mm
be�hind�the�glo�be,�be�fo�re�they�form�mul�tip�le�branc-
hes�sur�ro�un�ding�the�op�tic�ner�ve�in�its�ret�ro�bul�bar
por�ti�on.�This�lo�ca�ti�on�was�cho�sen�as�the�most�ap�p-
rop�ri�a�te�si�te�for�CDUS,�at�the�po�int�were�it�was�pos-
sib�le�to�iden�tify�and�as�sess�re�li�ably�the�na�sal�and
tem�po�ral�pos�te�ri�or�ci�li�ary�ar�te�ri�es.�In�each�ar�tery
resistivity�index�(RI)�and�pulsatility�index�(PI)�we�-
re�ob�ta�i�ned.�

Ul�tra�so�nog�rap�hic� eva�lu�a�ti�on�was�per�for�med
by�the�sa�me�ra�di�o�lo�gist�(MG)�who�was�una�wa�re�of
the�cli�ni�cal�di�ag�no�ses�be�fo�re�the�sur�gery.�

Ca�ta�ract�sur�gery�was�per�for�med�using�sub�te-
non� anest�he�si�a� com�pri�sing� 2.5� ml� li�do�ca�i�ne
hydroch�lo�ri�de�2%�(Je�to�ca�i�neR Ade�ka�Inc,�Sam�sun,
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Tur�key).�A�3.2�mm�wi�de�cle�ar�cor�ne�al�tu�nnel�in�ci-
si�on�was�ma�de.�Af�ter�pha�co�e�mul�si�fi�ca�ti�on,�a�fle�xib�-
le�IOL�(OcuF�lexR,�Poly�mer�Tech�no�lo�gi�es�Int.�EO�U,
Gu�ja�rat,�In�di�a)�was�imp�lan�ted�in�the�cap�su�lar�bag.
So�di�um�hya�lu�ro�na�te�(Co�ha�e�rensR,�LCA�Phar�ma�ce�-
u�ti�cal,�Char�tres,�Fran�ce)�was�then�tho�ro�ughly�as�pi-
ra�ted.� Pos�to�pe�ra�ti�ve� tre�at�ment� con�sis�ted� of
pred�ni�so�lo�ne� ace�ta�te� (Pred�for�teR,)� and� of�la�xo�cin
0.3%�(Exo�cinR,�West�port�Co,�Ma�yo,�Ire�land)�eyed-
rops�four�ti�mes�da�ily.�Pos�te�ri�or�cap�su�le�rup�tu�re�or
vit�re�us�loss�was�not�ob�ser�ved�in�any�ca�se.�Pos�to�pe-
ra�ti�ve� co�lo�r� Dopp�ler� ima�ging� exa�mi�na�ti�on� was
re�pe�a�ted�in�21st pos�to�pe�ra�ti�ve�day.�CDUS�exa�mi�na-
ti�on�was�re�pe�a�ted�in�21st pos�to�pe�ra�ti�ve�day.�A�de�ta�i-
led�oph�thal�mo�lo�gi�cal�exa�mi�na�ti�on�inc�lu�ding�vi�su�al
acu�ity�as�ses�ment,�bi�o�mic�ros�co�pic�exa�mi�na�ti�on,�fun-
dus�exa�mi�na�ti�on�and�IOP�me�a�su�re�ment�we�re�per-
for�med�for�all�ca�ses�in�the�sa�me�vi�sit.

The�re�sults�we�re�ex�pres�sed�as�me�an�±�stan�dard
de�vi�a�ti�on.�Using�the�NCSS�2007�sta�tis�ti�cal�pac�ka�ge,
sta�tis�ti�cal�analy�ses�of�con�ti�nu�o�us�da�ta�we�re�ma�de
through�stu�dent�un�pa�i�red�t-test�and�pa�i�red�t-test.
Ca�te�go�ric� da�ta�we�re� analy�zed�by� the� chi-squ�a�re
test.�A�p�va�lu�e�of�less�than�0.05�was�con�si�de�red�sta-
tis�ti�cally�sig�ni�fi�cant.

RE SUlTS

Pa�ti�ents�we�re�di�vi�ded�in�to�two�gro�ups.�First�gro�up
was�31�pa�ti�ents�who�had�both�pse�u�do�ex�fo�li�a�ti�on
syndro�me�and�ca�ta�ract.�Se�cond�gro�up�was�23�pa�ti-
ents�with�ca�ta�ract�alone.�Me�an�age�of�pa�ti�ents�was
72.2�±�5.2�ye�ar� in� the� first�gro�up�and�69.8�±�9.3�
ye�ars�in�the�se�cond�gro�up�(p=�0.01).�Ma�le/fe�ma�le
ra�ti�o�was�23/8�in�pse�u�do�ex�fo�li�a�ti�on�syndro�me�gro�-
up�however�that�ra�ti�o�was�12/11�in�con�trol�gro�up.
Alt�ho�ugh�num�ber�of�ma�le�ca�ses�was�hig�her�in�pse�-
u�do�ex�fo�li�a�ti�on�syndro�me�gro�up,�the�re�was�no�sig-
ni�fi�cant�dif�fe�ren�ce�be�t�we�en�the�gro�ups�(p=�0.094).

When�both�gro�ups�we�re�com�pa�red�with�re-
gard� to�pre�o�pe�ra�ti�ve�CDUS�me�a�su�re�ment� the�re
we�re�no�sta�tis�ti�cally�sig�ni�fi�cant�dif�fe�ren�ces�bet�we�-
en�two�gro�ups�in�any�of�the�pa�ra�me�ters.�All�pre�o-
pe�ra�ti�ve�va�lu�es�of�PI�and�RI�and�sig�ni�fi�can�ce�of
dif�fe�ren�ce� bet�we�en� gro�up� A� (ca�ta�ract� pa�ti�ents
with�pse�u�do�ex�fo�li�a�ti�on�syndro�me)�and�gro�up�B
(ca�ta�ract�pa�ti�ents)�are�shown�in�Tab�le�1.

Pre�o�pe�ra�ti�ve�cen�tral�re�ti�nal�ar�tery�me�a�su�re-
ments�re�ve�a�led�very�si�mi�lar�va�lu�es� for�both�RI
and�PI�va�lu�es�in�two�gro�ups.�Lo�wer�me�an�pul�sa-
ti�lity�in�dex�va�lu�e�and�hig�her�me�an�re�sis�ti�vity�in�-
dex� va�lu�e� in� pos�te�ri�or� ci�li�ary� ar�tery� we�re
ob�ser�ved�in�gro�up�A.�Ca�ses�in�gro�up�A�ha�ve�a�ten-
dency�to�in�cre�a�sed�re�sis�ti�vity�and�dec�re�a�sed�elas-
ti�city� es�pe�ci�ally� in� small� ves�sels,� however� the
dif�fe�ren�ce�bet�we�en�two�gro�ups�was�not�sig�ni�fi-
cant.

Com�pa�ri�son�of�gro�up�A�and�gro�up�B�with�re-
gard�to�pos�to�pe�ra�ti�ve�Dopp�ler�me�a�su�re�ments�re-
ve�a�led� that� both� gro�ups� had� si�mi�lar� va�lu�es.
Sta�tis�ti�cal�analy�sis�of�all�pa�ra�me�ters�bet�we�en�gro-
ups�fa�i�led�to�show�sig�ni�fi�cant�dif�fe�ren�ce�bet�we�en
gro�ups.�In�Tab�le�2�re�sults�of�all�CDUS�me�a�su�re-
ments�and�p�va�lu�es�are�sum�ma�ri�zed.

Turkiye�Klinikleri�J�Med�Sci�2010;30(3) 1011

Ophthalmology Gümüş�et�al

Group A Group B p Value

Ophthalmic Artery

Pulsatility Index 1.72±0.38 1.66±0.51 0.548

Resistivity Index 0.77±0.08 0.76±0.09 0.356

Central Retinal Artery

Pulsatility Index 1.85±0.54 1.99±0.63 0.269

Resistivity Index 0.80±0.11 0.81±0.09 0.711

Posterior Ciliary Artery

Pulsatility Index 1.81±0.54 1.61±0.42 0.074

Resistivity Index 0.79±0.10 0.75±0.10 0.097

TABLE 1: Preoperative resistivity index (RI) and 
pulsatility index values in group A* and group B**.

*  Patients with pseudoexfoliation syndrome and cataract. 

** Patients with only cataract.

Group A Group B p Value

Ophthalmic Artery

Pulsatility Index 1.69±0.38 1.70±0.63 0.981

Resistivity Index 0.78±0.07 0.75±0.09 0.126

Central Retinal Artery

Pulsatility Index 2.05±0.55 1.93±0.59 0.364

Resistivity Index 0.83±0.08 0.81±0.07 0.225

Posterior Ciliary Artery

Pulsatility Index 1.74±0.47 1.64±0.50 0.393

Resistivity Index 0.79±0.10 0.77±0.11 0.496

TABLE  2: Postoperative resistivity index and 
pulsatility index values in group A* and in group B**.

*  Patients with pseudoexfoliation syndrome and cataract.

** Patients with only cataract.



Pre�o�pe�ra�ti�ve� ten�dency� of� lo�wer� PI� and� RI�
va�lu�es�in�the�cen�tral�re�ti�nal�ar�tery�and�in�the�pos-
te�ri�or�ci�li�ary�ar�te�ri�es�se�e�med�to�di�sap�pe�a�r�pos�to�pe-
ra�ti�vely.

Pre�o�pe�ra�ti�ve�and�pos�to�pe�ra�ti�ve�Dopp�ler�me�-
a�su�re�ments� chan�ges� in� oph�thal�mic� ar�tery� and
pos�te�ri�or�ci�li�ary�ar�te�ri�es�were�not�sig�ni�fi�cant�in
the�ca�ses�with�pse�u�do�ex�fo�li�a�ti�on�syndro�me.�Alt-
ho�ugh�RI� va�lu�es�we�re� lo�wer� pre�o�pe�ra�ti�vely� in
cen�tral� re�ti�nal� ar�tery,� the� dif�fe�ren�ce� was� not�
sig�ni�fi�cant�(p=�0.147).�On�the�ot�her�hand,�pos�to-
pe�ra�ti�ve�PI�in�cen�tral�re�ti�nal�ar�tery�was�sig�ni�fi-
cantly� hig�her� (p=� 0.043).�All� pre�o�pe�ra�ti�ve� and
pos�to�pe�ra�ti�ve�CDUS�me�a�su�re�ments�and�p�va�lu�es
a�re�shown�in�Tab�le�3.

In�gro�up�B�the�re�was�no�sig�ni�fi�cant�dif�fe�ren�-
ce�bet�we�en�pre�o�pe�ra�ti�ve�and�pos�to�pe�ra�ti�ve�CDUS
me�a�su�re�ments�in�oph�thal�mic�ar�tery,�cen�tral�re�ti-
nal�ar�tery�or�pos�te�ri�or�ci�li�ary�ar�te�ri�es.�In�Tab�le�4,
pre�o�pe�ra�ti�ve�and�pos�to�pe�ra�ti�ve�PI�and�RI�and�p
va�lu�es�are�shown.

In�tra�o�cu�lar�pres�su�re�me�a�su�re�ments�we�re�sig-
ni�fi�cantly�dif�fe�rent�bet�we�en�pseudoexfoliation�gro�-
up� and� con�trol� gro�up� both� pre�o�pe�ra�ti�vely� and
pos�to�pe�ra�ti�vely.�On�the�ot�her�hand,�both�in�pseu-
doexfoliation�gro�up�and�con�trol�gro�up,�pre�o�pe�ra�ti�-
ve�me�an�IOP�le�vels�we�re�not�sig�ni�fi�cantly�dif�fe�rent
than� pos�to�pe�ra�ti�ve�me�an� IOP� le�vels.�Me�an� IOP
me�a�su�re�ments�and�p�va�lu�es�af�ter�com�pa�ri�sons�of
gro�ups�a�re�shown�in�Tab�le�5.

DIS CUS SI ON

Ca�ta�ract�is�the�most�com�mo�n�ca�u�se�of�re�ver�sib�le�vi-
sual�loss�worl�dwi�de.�Alt�ho�ugh�ca�ta�ract�sur�gery�is
highly�suc�cess�ful,�so�me con�co�mi�tant disorders�li�ke
pse�u�do�ex�fo�li�a�ti�on�syndro�me�may�in�cre�a�se�the�risk
of�sur�gery.�Ca�ta�ract�de�ve�lops�in�most�of�the�pse�u�do-
ex�fo�li�a�ti�on�ca�ses.�Pse�u�do�ex�fo�li�a�ti�on�syndro�me�has
be�en�shown�to�be�a�syste�mic�di�sor�der�with�pro�no-
un�ced�vas�cu�lar�da�ma�ge.10,11 Vas�cu�lar�al�te�ra�ti�ons�in
pse�u�do�ex�fo�li�a�ti�on� are� as�so�ci�a�ted� with� in�cre�a�sed
per�me�a�bi�lity,�obs�truc�ti�on�and�loss�of�small�ves�sels,
ne�o�vas�cu�la�ri�za�ti�on�and�ele�va�ted�RI�of�the�oph�thal-
mic�ar�tery.12 The�se�chan�ges�are�pro�bably�the�re�sults
of�ac�cu�mu�la�ti�on�of�pse�u�do�ex�fo�li�a�ti�on�ma�te�ri�al�in

the�ves�sel�walls.12,13 The�se�pse�u�do�ex�fo�li�a�ti�on�fi�bers
are�con�sis�tently�as�so�ci�a�ted�with�fib�rob�lasts,�col�la-
gen�and�elas�tic�fi�bers.14 It�has�al�so�be�en�shown�that
pse�u�do�ex�fo�li�a�ti�ve�ma�te�ri�al�is�as�so�ci�a�ted�with�elas�to-
sis�in�the�vas�cu�lar�wall.15 Pse�u�do�ex�fo�li�a�ti�on�ma�te�ri�-
al�is�ac�cu�mu�la�ted�in�the�vas�cu�lar�en�dot�he�li�al�cells,
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Preoperative Postoperative p Value

Ophthalmic Artery

Pulsatility Index 1.72±0.38 1.69±0.38 0.617

Resistivity Index 0.77±0.08 0.78±0.07 0.782

Central Retinal Artery

Pulsatility Index 1.85±0.54 2.05±0.55 0.043

Resistivity Index 0.80±0.11 0.83±0.08 0.147

Posterior Ciliary Artery

Pulsatility Index 1.81±0.54 1.74±0.47 0.323

Resistivity Index 0.79±0.10 0.79±0.10 0.933

TABLE 3: Preoperative and Postoperative Resistivity
Index (RI) and Pulsatility Index (PI) Values in Group A*

*Patients with pseudoexfoliation syndrome and cataract.

Preoperative Postoperative p Value

Ophthalmic Artery

Pulsatility Index 1.66±0.51 1.70±0.63 0.692

Resistivity Index 0.76±0.09 0.75±0.09 0.651

Central Retinal Artery

Pulsatility Index 1.99±0.63 1.93±0.59 0.555

Resistivity Index 0.81±0.09 0.81±0.07 0.720

Posterior Ciliary Artery

Pulsatility Index 1.61±0.42 1.64±0.50 0.759

Resistivity Index 0.75±0.10 0.77±0.11 0.359

TABLE 4: Preoperative and Postoperative Resistivity
Index (RI) and Pulsatility Index (PI) Values in Group B*

* Patients with only cataract.

PEX CONTROL P*

PREOPERTIVE 16.3±2.4 14.2±3.1 0.001

POSTOPERATIVE 15.2±3.1 13.6±2.7 0.017

p** 0.069 0.384

TABLE 5: IOP measurements in PEX and control
groups preoperatively and postoperatively

P*: P values as result of unpaired t- test comparision between PEX and control groups.

p**: P values as a result of paired t-test comparion of preoperative and postoperative

IOP measurements both in PEX and control groups.



smo�oth�musc�le�cells�and�pe�ricy�tes;�all� the�se�cell
types�ha�ve�a�re�gu�la�tory�ro�le�in�lo�cal�mic�ro�cir�cu�la-
ti�on.14

Hol�lo�et�al.�sug�ges�ted�that�mic�ro�cir�cu�la�ti�on�is
al�te�red�in�pse�u�do�ex�fo�li�a�ti�on�gla�u�co�ma�and�that�this
was�a�ge�ne�ra�li�zed�pro�cess�in�the�body.16 In�ad�di�ti�-
on,�Mitc�hell�et�al.�sho�wed�that�pse�u�do�ex�fo�li�a�ti�on
may�be�as�so�ci�a�ted�with�vas�cu�lar�di�se�a�se�or�vas�cu�lar
risk�fac�tors.15 It�co�uld�be�spe�cu�la�ted�that�the�dec�re�-
a�sed�ret�ro�bul�bar�blo�od�flow�in�pa�ti�ents�with�pse�u-
do�ex�fo�li�a�ti�on� syndro�me�co�uld�be�con�tri�bu�ted� to
pse�u�do�ex�fo�li�a�ti�on�ma�te�ri�al�ac�cu�mu�la�ti�on�in�a�ves-
sel�wall.

Our�study�sho�wed�that�the�re�were�no�sta�tis�ti-
cally�sig�ni�fi�cant�dif�fe�ren�ce�in�most�of�the�ret�ro�bul-
bar� blo�od� flow� pa�ra�me�ters� ac�cor�ding� to� CDUS
me�a�su�re�ments�bet�we�en�iso�la�ted�ca�ta�ract�ca�ses�and
ca�ta�ract�ca�ses�with�pse�u�do�ex�fo�li�a�ti�on.�Only�pos�to-
pe�ra�ti�ve�PI� in� cen�tral� re�ti�nal� ar�tery�was� sig�ni�fi-
cantly�hig�her�in�pseudoexfoliation�gro�up.�PI�and�RI
va�lu�es�gi�ve�mo�re�re�li�ab�le�in�for�ma�ti�on�abo�ut�vas�cu-
lar�flow�pat�tern.�RI�is�an�in�di�rect�in�di�ca�tor�of�blo�-
od�flow�ve�lo�city.�Both�RI�and�PI�are�re�li�ab�le�in�di�ces
for�eva�lu�a�ti�on�of�end�or�gan�re�sis�tan�ce.�RI�is�an�in-
di�ca�tor�of�end�or�gan�re�sis�tan�ce�to�blo�od�flow�but�PI
is�mo�re�pro�ne�to�chan�ges�in�ves�sel�elas�ti�city�and
syste�mic�blo�od�pres�su�re.17

Gri�es�ha�ber�et�al.�re�por�ted�that�lo�wer�lo�cal�blo�-
od�flow�ve�lo�city�in�the�oph�thal�mic�ar�tery�se�e�med
to�be�as�so�ci�a�ted�with�the�pre�sen�ce�of�ca�ta�racts.18

Spra�ul�et�al.�re�por�ted�a�dec�re�a�se�in�pul�sa�ti�le�ocu�lar
blo�od�flow�me�a�su�red�with�an�ocu�lar�blo�od�flow�to-
nog�raph�on�the�third�day�af�ter�ca�ta�ract�sur�gery.19 A
ne�u�ral�mec�ha�nism�trig�ge�red�by�ca�ta�ract�ex�trac�ti�-
on�ca�u�sing�this�tem�porary�dec�re�a�se�was�dis�cus�sed.
In�prin�cip�le,� se�ve�ral� fac�tors� co�uld� ac�co�unt� for� a
chan�ge�in�ocu�lar�blo�od�flow�af�ter�ca�ta�ract�sur�gery.
A�pos�to�pe�ra�ti�ve�in�cre�a�se�in�IOP�may�oc�cur�es�pe�ci-
ally�in�the�first�24�ho�urs�pos�to�pe�ra�ti�vely.20-22 This
in�cre�a�se�may� le�ad� to� a� con�co�mi�tant� dec�re�a�se� in
ocu�lar�per�fu�si�on�pres�su�re.�Ho�we�ver,�the�re�is�evi-
den�ce�that�re�ti�nal�ves�sels�ha�ve�au�to�re�gu�la�ti�on�over
a�wi�de�ran�ge�of�per�fu�si�on�pres�su�re.23,24

In�ca�se�of�an�IOP�in�cre�a�se�that�re�du�ces�ocu�lar
per�fu�si�on�pres�su�re�be�yond�the�lo�wer�le�vel�of�au�to-

re�gu�la�ti�on,�ocu�lar�blo�od�flow�will�cer�ta�inly�dec�re�-
a�se.�In�pa�ti�ents�with�com�pro�mi�sed�au�to�re�gu�la�ti�on,
this� prob�lem� may� be� mo�re� se�ve�re.� Anest�he�tic
agents�and�ot�her�drugs�can�ha�ve�lo�cal�ef�fects�on
cho�ro�i�dal�and�re�ti�nal�blo�od�flow.25

Our�study�in�di�ca�tes�that�blo�od�flow�me�a�su�re-
ments�did�not�chan�ge�pos�to�pe�ra�ti�vely�in�iso�la�ted�ca-
ta�ract�ca�ses.�Dopp�ler�me�a�su�re�ments�in�oph�thal�mic
ar�tery�and�pos�te�ri�or�ci�li�ary�ar�tery�al�so�did�not�chan�-
ge�sta�tis�ti�cally�sig�ni�fi�cantly�in�ca�ses�with�pse�u�do�ex-
fo�li�a�ti�on�syndro�me�gro�up.�PI�was�fo�und�to�be�hig�her
pos�to�pe�ra�ti�vely�in�cen�tral�re�ti�nal�ar�tery.�Pos�to�pe�ra-
ti�ve�RI�had�a�ten�dency�lo�wer�pos�to�pe�ra�ti�vely.�The�-
se� two� fin�ding� may� be� in�ter�pre�ted� as� a� sign� of
po�si�ti�ve�ef�fect�of�ca�ta�ract�sur�gery�on�or�bi�tal�blo�od
flow�in�ca�ses�with�pse�u�do�ex�fo�li�a�ti�on�syndro�me.�Se-
ve�ral�fac�tors�inf�lu�en�ce�or�bi�tal�blo�od�flow�me�a�su�re-
ment�with�co�lor�Dopp�ler�ima�ging,�inc�lu�ding�age,
syste�mic�blo�od�pres�su�re,�blo�od�vis�co�sity,�and�ste�no-
sis�of�the�ca�ro�tid�ar�tery.26,27 Or�bi�tal�blo�od�flow�ve�lo-
ci�ti�es� are� al�so� af�fec�ted� by� in�cre�a�sed� in�tra�o�cu�lar
pres�su�re.�In�this�study,�the�re�was�no�sig�ni�fi�cant�dif-
fe�ren�ce� bet�we�en� pre�o�pe�ra�ti�ve� and� pos�to�pe�ra�ti�ve
IOP�me�a�su�re�ments�in�e�it�her�in�pseudoexfoliation�or
con�trol�gro�ups.�For�this�re�a�son�we�do�not�consider
that�IOP�has�a�sig�ni�fi�cant�ef�fect�on�chan�ges�in�blo�-
od�flow�me�a�su�re�ments.�Ho�we�ver,�re�cent�stu�di�es�ha�-
ve�shown�that�an�ar�ti�fi�ci�ally�in�cre�a�sed�in�tra�o�cu�lar
pres�su�re�af�fects�the�he�mody�na�mics�of�pos�te�ri�or�ci-
li�ary�ar�tery�and�cen�tral�re�ti�nal�ar�tery�whi�le�le�a�ving
the�he�mody�na�mics� of� the� oph�thal�mic� ar�tery� in-
tact.28,29

Re�pe�a�ti�bi�lity�of�Dopp�ler�me�a�su�re�ments�are�a
con�cern�in�blo�od�flow�stu�di�es.�Dif�fe�ren�ces�in�the
ang�le�of�me�a�su�re�ment�and�lo�ca�ti�on�of�pro�be�may
hin�der�re�pe�a�ti�bi�lity.�Du�e�to�this�con�cern�for�re�pe�-
a�ti�bi�lity,� a� pos�sib�le� dif�fe�ren�ce� among� me�a�su�re-
ments�in�dif�fe�rent�ti�me�pe�ri�ods�may�be�co�un�ted�as
a�we�ak�ness�for�our�study.�Ho�we�ver�all�Dopp�ler�me�-
a�su�re�ments�we�re�do�ne�by�the�sa�me�in�ves�ti�ga�tor�and
with�a�stan�dart�met�hod.�That�is�why�we�suppose
that�va�ri�an�ces�among�me�a�su�re�ments�do�not�ca�u�se�
a�sig�ni�fi�cant�ef�fect�on�the�re�sults.�Anot�her�pos�sib�-
le�fac�tor�for�va�ri�a�ti�ons�among�dif�fe�rent�me�a�su�re-
ments� is� the� re�al� ti�me� chan�ges,� in� pul�se� or� in
syste�mic�blo�od�pres�su�re,�oc�cu�ring�du�ring�me�a�su-
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re�ments.� Sub�jects� we�re� not� mo�ni�to�red� du�ring
Dopp�ler� exa�mi�na�ti�ons.� Con�si�de�ring� tho�se� two�
po�ints,�for�re�pe�a�ti�bi�lity�and�re�al�ti�me�cir�cu�la�tory
sta�tus�chan�ges,�our�re�sults�must�be�eva�lu�a�ted�ca�re-
fully.

The�fin�dings�of�this�study�sug�gest�that,�in�pa-
ti�ents�with�pse�u�do�ex�fo�li�a�ti�on�syndro�me,�ca�ta�ract
sur�gery�does�not�ma�ke�a�sig�ni�fi�cant�chan�ge�in�ret-
ro�or�bi�tal�blo�od�flow�pa�ra�me�ters�ex�cept�an�in�cre�a�se
in�pos�to�pe�re�ta�vi�e�PI�in�the�cen�tral�re�ti�nal�ar�tery.

Turkiye�Klinikleri�J�Med�Sci�2010;30(3)1014

Gümüş�ve�ark. Göz�Hastalıkları�

1. For si us H.  Ex fo li a ti on syndro me in va ri o us
eth nic po pu la ti ons. Ac ta Oph thal mol Suppl
1988;184:71-85. 

2. Yük sel N, Ka ra baş Vl, Ars lan A, De mir ci A,
Cağ lar Y.  Ocu lar he mody na mics in pse u do -
ex fo li a ti on syndro me and pse u do ex fo li a ti on
gla u co ma. Oph thal mo logy  2001;108(6):1043-
9.

3. Gri es ha ber MC, Ko çak I, Dub ler B, Flam mer J,
Or gül S. Ret ro bul bar blo od flow in pa ti ents
with ca ta ract. Br J Oph thal mol 2006;90(12):
1512-5. 

4. Ra i ner G, Kiss B, Dal lin ger S, Me na pa ce R,
Findl O, Schmet te rer K,  et al. Ef fect of small
in ci si on ca ta ract sur gery on ocu lar blo od flow
in ca ta ract pa ti ents. J Ca ta ract Ref ract Surg
1999;25(7):964-8.

5. Wil li am son TH, Har ris A. Co lor Dopp ler ul tra-
so und ima ging of the eye and or bit. Surv Oph-
thal mol  1996;40(4):255-67.

6. Cos ta VP, Kuz ni ec S, Mol nar lJ, Cer ri GG,
Pu ech-leão P, Car val ho CA. Cli ni cal fin dings
and he mody na mic chan ges as so ci a ted with
se ve re occ lu si ve ca ro tid ar tery di se a se. Oph-
thal mo logy 1997;104(12):1994-2002.

7. Qu a ran ta l, Har ris A, Do na to F, Cas sa ma li M,
Se me ra ro F, Nas cim be ni G, et al. Co lor Dopp -
ler ima ging of oph thal mic ar tery blo od flow ve-
lo city: a study of re pe a ta bi lity and ag re e ment.
Oph thal mo logy 1997;104(4):653-8.

8. Öz di ki ci M, Bay kal O, Ce lenk C, le vent A,
Eren S. [Ul tra so nog raphy and co lor Dopp ler
ima ging in the di ag no sis of ocu lar and or bi tal
le si ons]. Tur ki ye Kli nik le ri J Med Sci 1998;8
(1):59-63.

9. Ga las si F, Nuz za ci G, So di A, Ca si P, Vi el mo
A. Co lor Dopp ler ima ging in eva lu a ti on of op -
tic ner ve blo od supply in nor mal and gla u co-
ma to us sub jects. Int Oph thal mol 1992;16(4-5):
273-6.

10. li ZY, Stre e ten BW, Wal la ce RN. As so ci a ti on
of elas tin with pse u do ex fo li a ti ve ma te ri al: an

im mu no e lec tron mic ros co pic study. Curr Eye
Res  1988;7(12):1163-72.

11. Stre e ten BW, Dark AJ, Wal la ce RN, li ZY, Ho -
ep ner JA. Pse u do ex fo li a ti ve fib ril lo pathy in the
skin of pa ti ents with ocu lar pse u do ex fo li a ti on.
Am J Oph thal mol  1990;110(5):490-9.

12. Eag le RC Jr, Font Rl, Fi ne BS. The ba se ment
mem bra ne ex fo li a ti on syndro me. Arch Oph-
thal mol  1979;97(3):510-5.

13. Kons tas AG, Mars hall GE, le e WR. Im mu no-
gold lo ca li sa ti on of la mi nin in nor mal and ex-
fo li a ti ve iris. Br J Oph thal mol  1990;74(8):
450-7.

14. An der son DR, Da vis EB. Gla u co ma, ca pil la ri -
es and pe ricy tes. 5. Pre li mi nary evi den ce that
car bon di o xi de re la xes pe ricy te con trac ti le to -
ne. Oph thal mo lo gi ca  1996;210(5):280-4.

15. Mitc hell P, Wang JJ, Smith W. As so ci a ti on of
pse u do ex fo li a ti on syndro me with in cre a sed
vas cu lar risk. Am J Oph thal mol  1997;124(5):
685-7.

16. Holló G, la ka tos P, Far kas K. Cold pres sor
test and plas ma en dot he lin-1 con cen tra ti on in
pri mary open-ang le and cap su lar gla u co ma. J
Gla u co ma  1998;7(2):105-10.

17. Evans DH, McDic ken WN.  Wa ve form analy-
sis and pat tern re cog ni ti on. In: Evans DH, ed.
Dopp ler Ul ra so und Physics, Ins tru men ta ti on
and Sig nal Pro ces sing. 2nded. West Sus sex,
Eng land: Wi ley;  2000. p. 203-5. 

18. Gri es ha ber MC, Ko çak I, Dub ler B, Flam mer J,
Or gül S. Ret ro bul bar blo od flow in pa ti ents
with ca ta ract. Br J Oph thal mol 2006;90(12):
1512-5. 

19. Spra ul CW, Amann J, lang GE, lang GK. Ef-
fect of ca ta ract ex trac ti on with in tra o cu lar lens
imp lan ta ti on on ocu lar he mody na mics. J Ca ta -
ract Ref ract Surg 1996;22(8):1091-6.

20. Bö mer TG, lagrèze WD, Funk J. In tra o cu lar
pres su re ri se af ter pha co e mul si fi ca ti on with
pos te ri or cham ber lens imp lan ta ti on: ef fect of
proph ylac tic me di ca ti on, wo und clo su re, and

sur ge on's ex pe ri en ce. Br J Oph thal mol
1995;79(9):809-13.

21. Koh nen T, von Ehr M, Schüt te E, Koch DD.
Eva lu a ti on of in tra o cu lar pres su re with He a -
lon and He a lon GV in su tu re less ca ta ract sur-
gery with fol dab le lens imp lan ta ti on. J Ca ta ract
Ref ract Surg  1996;22(2):227-37.

22. Wed rich A, Me na pa ce R. In tra o cu lar pres su re
fol lo wing small-in ci si on ca ta ract sur gery and
poly HE MA pos te ri or cham ber lens imp lan ta ti -
on. A com pa ri son bet we en acetyl cho li ne and
car bac hol. J Ca ta ract Ref ract Surg 1992;18
(5):500-5.

23. Ri va CE, Tit ze P, He ro M, Pet rig Bl. Ef fect of
acu te dec re a ses of per fu si on pres su re on cho -
ro i dal blo od flow in hu mans. In vest Oph thal-
mol Vis Sci 1997;38(9):1752-60.

24. Rich WJ, Ja mes Ml. Ca ta ract sur gery and
vas cu lar chan ges in the eye. Ac ta Oph thal mol
1989;191(Suppl):39-42.

25. Hes se mer V, Wi eth K, He in rich A, Ja co bi KW.
[Chan ges in uve al and re ti nal he mody na mics
ca u sed by ret ro bul bar anest he si a using va ri o -
us in jec ti on vo lu mes]. [Ar tic le in Ger man]
Fortschr Oph thal mol  1989;86(6):760-6.

26. Wil li am son TH, lo we GD, Bax ter GM. Inf lu en -
ce of age, syste mic blo od pres su re, smo king,
and blo od vis co sity on or bi tal blo od ve lo ci ti es.
Br J Oph thal mol  1995;79(1):17-22.

27. Trib le JR, An der son DR. Fac tors as so ci a ted
with ret ro bul bar he mody na mic me a su re ments
at va ri ab le in tra o cu lar pres su re.   J Gla u co ma
1998;7(1):33-8.

28. Gre en fi eld DS, Heg ge rick PA, Hed ges TR 3rd.
Co lor Dopp ler ima ging of nor mal or bi tal vas cu-
la tu re. Oph thal mo logy 1995;102(11):1598-
605.

29. Jo os KM, Kay MD, Pil lu nat lE, Har ris A, Gen-
dron EK, Fe u er WJ, et al. Ef fect of acu te in-
tra o cu lar pres su re chan ges on short pos te ri or
ci li ary ar tery ha e mody na mics. Br J Oph thal-
mol  1999;83(1):33-8.

REFERENCES


