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Immediate Intraocular Pressure and
Ocular Pulse Amplitude Changes in Patients

with Proliferative Diabetic Retinopathy
After Panretinal Photocoagulation

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: To eva lu a te the im me di a te ef fects of pan re ti nal pho to co a gu la ti on (PRP)
with ar gon la ser on in tra o cu lar pres su re and Ocu lar Pul se Amp li tu de (OPA). MMaa  ttee  rrii  aall  aanndd  MMeett  hh--
ooddss::  Thirty-two eyes of 22 pa ti ents with type II di a be tes mel li tus and se ve re un tre a ted pro li fe ra ti -
ve di a be tic re ti no pathy we re in vol ved in the study. We per for med pan re ti nal pho to co a gu la ti on
with 400 ar gon la ser burns (200-500 mW, 0.2 se conds, spot si ze: 500 mic rons). Be fo re and 15 mi n-
u tes af ter the tre at ment the In tra o cu lar Pres su res (IOP) [by Gold mann App la na ti on To no metry
(GAT) and by Pascal Dyna mic Con to ur To no metry (PDCT)] and OPA we re me a su red (by PDCT).
The in tra o cu lar pres su res and the OPA va lu es me a su red be fo re PRP we re com pa red with tho se
me a su re ments af ter the pro ce du re. RRee  ssuullttss::  By GAT the re was no dif fe ren ce bet we en pre and post
tre at ment IOP va lu es (p= 0.67). PDCT yi el ded dif fe ren ces bet we en pre tre at ment IOP (Me an ± SD:
19.30 ± 1.04 mmHg) and post tre at ment IOP (22.55 ± 1.08 mmHg) va lu es (p= 0.002) and al so in
pret re at ment OPA (2.73 ± 0.21 mmHg) and post tre at ment OPA (3.16 ± 0.24 mmHg) va lu es (p=
0.039). CCoonncc  lluu  ssii  oonn::  The IOP and OPA le vels me a su red by PDCT in cre a sed in the early pe ri od af -
ter pan re ti nal pho to co a gu la ti on. Ho we ver the cli ni cal sig ni fi can ce of this in cre ment and the OPA
chan ges ob ser ved with PDCT sho uld be eva lu a ted in fu tu re stu di es by si mul ta ne o us re cor ding of
vi tal signs. PDCT may be va lu ab le to study the ocu lar pul se amp li tu de chan ges in di a be tic pa ti ents
ref lec ting pos sib le vas cu lar chan ges in the se pa ti ents.

KKeeyy  WWoorrddss::  To no metry, di a be tic re ti no pathy, ar gon la ser 

ÖÖZZEETT  AAmmaaçç::  Ar gon la zer ile Pan re ti nal Fo to ko a gü las yo n (PRP)’un Gö z İ çi Ba sınç (GİB) ve Okü ler
Puls Amp li tü d (OPA) er ken et ki le ri nin araş tı rıl ma sı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış ma da, te da vi edil -
me miş cid di pro li fe ra tif di ya be tik re ti no pa ti si olan tip 2 di ya bet li 22 has ta nın 32 gö zü in ce len miş -
tir. Fo to ko a gü las yon da ar gon la zer ile 400 la zer atı şı (200-500 mW, 0.2 sa ni ye, spot bü yük lü ğü: 500
mic ron) uy gu lan mış tır. Te da vi ön ce si ve te da vi den 15 da ki ka son ra GİB [Gold mann Ap la nas yon
To no met re si (GAT) ve Pas cal Di na mik Kon tür To no met re (PDKT) ile] ve OPA (PDKT ile) öl çül -
dü. Te da vi ön ce si ve son ra sı öl çü len GİB ve OPA de ğer le ri is tatis tik sel ola rak kar şı laş tı rıl dı. BBuull  gguu  --
llaarr::  Te da vi ön ce si ve son ra sı GAT ile öl çü len GİB de ğer le ri ara sın da an lam lı bir fark sap tan ma dı (p:
0.67). Te da vi ön ce si GİB (Me an ± SEM: 19.30 ± 1.04 mmHg)ve te da vi son ra sı GİB (22.55 ± 1.08
mmHg) ara sın da PDKT ile an lam lı bir fark (p: 0.002) sap tan mış olup, yi ne PDKT ile te da vi ön ce si
OPA (2.73 ± 0.21 mmHg) ve te da vi son ra sı OPA (3.16 ± 0.24 mmHg) ara sın da an lam lı bir fark bu -
lun muş tur (p: 0.039). SSoo  nnuuçç:: PRP son ra sı er ken dö nem de PDKT ile GİB ve OPA de ğer le rin de ar tış
iz len mek te dir. An cak bu ar tı şın kli nik öne mi araş tı rıl ma sı ve PDKT ile öl çü len OPA de ğer le ri nin
vi tal bul gu lar la be ra ber de ğer len di ril me si bun dan son ra ki ça lış ma lar da plan lan ma lı dır. Di ya be tik
has ta lar da vas kü ler de ği şik lik le ri yan sı ta bi len OPA de ği şik lik le ri ni in ce le me de PDKT fay da lı ola -
bi lir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: To no met ri, di ya be tik re ti no pa ti, ar gon la zer
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ost stu di es of the ef fects of PRP are con-
cer ned with the re ti nal and the cho ro i dal
cir cu la ti on, IOP and OPA in the long

term.1-3 It has be en de mons tra ted that pan re ti nal
pho to co a gu la ti on re du ces pul sa ti lity of the re ti nal
vas cu la tu re and the re ti nal blo od flow.4-6 On the ot -
her hand the re ports abo ut the im me di a te chan ges
in IOP are so mew hat con tro ver si al.7,8 The IOP and
OPA chan ges in the early pe ri od af ter the pho to -
co a gu la ti on pro ce du re re ma in to be elu ci da ted. 

Alt ho ugh GAT has be en con si de red the gold
stan dard for me a su ring the IOP, the re are nu me -
ro us so ur ces of er ror that sig ni fi cantly may inf lu -
en ce the IOP re a dings inc lu ding cor ne al thick ness
and cor ne al elas ti city.9,10 The cen tral cor ne al thick-
ness (CCT) is re por ted to be sig ni fi cantly gre a ter in
di a be tic pa ti ents as com pa red to sub jects wit ho ut
di a be tes.11

The PDCT is a slit lamp mo un ted de vi ce for
con tact to no metry that is ba sed upon cor ne al con-
tact wit ho ut cor ne al app la na ti on. DCT cla ims in-
de pen den ce of cor ne al pro per ti es by me a su ring
IOP wit ho ut ca u sing con si de rab le cor ne al de for -
ma ti on. A con to ur matc hed pres su re sen sing tip is
app li ed to the cor ne al sur fa ce with a small cons tant
for ce al lo wing di rect trans cor ne al IOP me a su re -
ment.12

By this study we ai med to eva lu a te the IOP
and the ocu lar pul se amp li tu de chan ges im me di a -
tely af ter ar gon la ser pan re ti nal pho to co a gu la ti on
by app la na ti on to no metry and by dyna mic con to -
ur to no metry.

MA TE RI AL AND MET HODS

The study was ap pro ved by the ap prop ri a te ins ti -
tu ti o nal re vi ew bo ard, and writ ten con sent was ob-
ta i ned from each pa ti ent af ter comp le te
exp la na ti on of the pro ce du re and pos sib le si de ef-
fects. Thirty two eyes of 22 pa ti ents with type II
di a be tes mel li tus and se ve re un tre a ted pro li fe ra ti -
ve di a be tic re ti no pathy cha rac te ri zed by eit her or
both an are a of epi pa pil lary ne o vas cu la ri za ti on lar -
ger than one-qu ar ter disc di a me ter or are as of epi -
re ti nal ne o vas cu la ri za ti on lar ger than one-half disc
di a me ter but no ot her ocu lar ill ness we re inc lu ded

in this study. Pa ti ents with cor ne al sur fa ce prob-
lems, gla u co ma, pse u do ex fo li a ti on, ne o vas cu la ri za -
ti on of iris or re ti nal vas cu lar occ lu si on we re
exc lu ded. No ne of the pa ti ents had re ce i ved pri or
la ser tre at ment of any kind or any ot her ocu lar in-
ter ven ti on or the rapy. The pa ti ents’ cha rac te ris tics
are lis ted in Tab le 1. 

Each pa ti ent re ce i ved a comp le te eye exa mi -
na ti on inc lu ding in di rect oph thal mos copy, ste re o
co lor fun dus pho tog raphy. The cor ne al pach yme-
try was me a su red by BVI Poc ket Pach yme ter (BV
In ter na ti o nal, Cler mont-Fer rand, Fran ce). The me -
an of fi ve re a dings was con si de red for me a su re -
ment. The IOP and OPA we re me a su red by GAT
and the dyna mic con to ur to no metry (DCT, Pas cal
To no me ter, Swiss Mic ro tech no logy AG, Port,
Swit zer land). 

All of the eyes re ce i ved the first ses si on of pan-
re ti nal pho to co a gu la ti on by ar gon la ser (Co he rent,
Syner ge tics, Mis so u ri, Uni ted Sta tes) with a to tal of
400 spots (si ze, 500 μm; tre at ment ti me: 0.2 se cond)
in the in fe ri or tem po ral and na sal qu ad rants. The
energy ne ces sary for the in ten ded mild, whi te co l-
o ra ti on of the co a gu la ti ve spots ran ged bet we en 0.2
and 0.5 W in the eyes inc lu ded in our study. The
IOP and OPA we re aga in me a su red by GAT and by
DCT 15 mi nu tes af ter the tre at ment. Du ring me a -
su re ments 10 mi nu tes bre ak was ta ken bet we en
GAT and DCT to mi ni mi ze a to nog rap hic ef fect.
App la na ti on IOP was me a su red by Gold mann to -
no metry. Two me a su re ments we re con se cu ti vely

Age (yrs) 61.68 ± 1.70

Female (n) 18

Male (n) 4

Diabetes Mellitus Type II (n) 22

Duration of diabetes (yrs) (Mean ± SEM) 18.18 ± 0.93

Hypertension (n) 16

Duration of hypertension (yrs) (Mean ± SEM) 10.95 ± 1.46

HbA1 (%) 8.12 ± 1.32

Nephropathy (n) 1

Neuropathy (n) 3

Central corneal thickness (µ)  (Mean ± SEM) 540.98 ± 5.34

TABLE 1: Patient characteristics (data are expressed
mean ± standard error of mean).



ta ken for each eye; only the se cond one was used in
the study (ori gi nal Gold mann met hod). Du ring me -
a su re ments with DCT q va lu es less than thre e we -
re inc lu ded.

Pret re at ment and post tre at ment IOP and
OPA va lu es we re com pa red by pa i red t test in the
tre a ted eyes and by Mann Whit ney U test in the
un tre a ted eyes, p va lu es less than 0.05 we re con si -
de red sig ni fi cant.

RE SULTS

The pa ti ents’ cha rac te ris tics are lis ted in Tab le 1.
The an te ri or cham ber ang le was open in all of the
pa ti ents be fo re and af ter the tre at ment. With GAT
the pret re at ment and post tre at ment IOP va lu es
we re not sig ni fi cantly dif fe rent (p= 0.67). On the
ot her hand with DCT both IOP and OPA dif fe red
sig ni fi cantly af ter pho to co a gu la ti on tre at ment (p=
0.002 and 0.039 res pec ti vely). Tab le 2 shows the
me an IOP and OPA va lu es me a su red be fo re and af -
ter tre at ment with each met hod. 

The pho to co a gu la ti on tre at ment was do ne
uni la te rally in 12 pa ti ents. The IOP va lu es me a su -
red by each met hod and the OPA af ter the tre at -

ment we re com pa red bet we en un tre a ted eye and
the eye with the app li ca ti on of PRP. The re was no
sta tis ti cally sig ni fi cant dif fe ren ce bet we en tre a ted
and un tre a ted eyes of the se pa ti ents by non pa ra -
met ric tests (The p va lu es for IOP with GAT and
DCT and OPA we re 0.14, 0.43 and 0.93 res pec ti -
vely). The pret re at ment and post tre at ment IOP va -
lu es of un tre a ted 12 eyes me a su red by GAT (p=
0.50) and by DCT (p= 0.97) we re not sig ni fi cantly
dif fe rent, but the OPA va lu es we re sig ni fi cantly
hig her af ter tre at ment (p= 0.02). Tab le 3 shows pre-
t re at ment and post tre at ment IOP and OPA va lu es
of un tre a ted eyes. 

DIS CUS SI ON

It has be en de mons tra ted that PRP is ef fec ti ve in
in du cing reg res si on of re ti nal ne o vas cu la ri za ti on in
pa ti ents with pro li fe ra ti ve di a be tic re ti no pathy.13,14

Ho we ver se ve ral prob lems may ari se du ring pho to-
co a gu la ti on.7,15 Im me di a te comp li ca ti ons we re re-
por ted as cho ro i dal de tach ment (81%), shal lo wing
of the an te ri or cham ber (38%), exu da ti ve re ti nal
de tach ment (12%) and in cre a sed IOP (7%).7 Al so
chan ges in re ti nal and cho ro i dal he mody na mics in
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95% Confidence interval of the difference

Mean±SEM Minimum Maximum p value Lower Upper

Pretreatment IOP by GAT (mmHg) 14.00 ± 0.40 11 18 0.67 -1.26 -0.82

Posttreatment IOP by GAT (mmHg) 14.22 ± 0.59 11 25

Pretreatment IOP by DCT (mmHg) 19.30 ± 1.04 8.30 35.20 0.002 -5.26 -1.26

Posttreatment IOP by DCT (mmHg) 22.55 ± 1.08 13.20 38.60

Prettreatment OPA by DCT (mmHg) 2.73 ± 0.21 0.90 5.20 0.039 -0.84 -2.29E-0.2

Posttreatment OPA by DCT (mmHg) 3.16 ± 0.24 1.20 5.50

TABLE 2: Pretreatment and posttreatment IOP of treated eyes measured by GAT and DCT and OPA values.

Mean ± SEM Minimum Maximum p

Pretreatment IOP by GAT (mmHg) 15.91 ± 0.62 11 20 0.50

Posttreatment IOP by GAT (mmHg) 15.41 ± 0.87 12 23

Pretreatment IOP by DCT (mmHg) 19.39 ± 1.51 7.30 26.10 0.96

Posttreatment IOP by DCT (mmHg) 20.76 ± 1.30 12.40 26.60

Prettreatment OPA by DCT (mmHg) 2.68 ± 0.33 1.40 4.40 0.02

Posttreatment OPA by DCT (mmHg) 3.15 ± 0.35 1.50 4.80

TABLE 3: Pretreatment and posttreatment IOP of untreated fellow eyes measured by GAT and DCT and OPA values.



the long term ha ve be en re por ted.1-6 Alt ho ugh in-
cre a sed IOP has be en re por ted as only a comp li ca -
ti on of low ra te af ter PRP, in anot her study
ele va ted IOP ave ra ged abo ut 10 mmHg has be en
re por ted in ne arly all of the pa ti ents.7,8

The es tab lis hed to no me ters for non in va si ve
IOP me a su re ment rely on in di rect tech ni qu es by
de ter mi ning a for ce that is re qu i red to ge ne ra te a
de fi ned amo unt of de for ma ti on of the cor ne a. In
the se app la na ti on to no me ters, the IOP is cal cu la -
ted ba sed on a set of ma te ri al cons tants sup po sed to
be uni form in all eyes. Re cent stu di es ha ve cla ri fi -
ed that in di vi du al cor ne al pro per ti es li ke CCT may
inf lu en ce the se kinds of to no me ters to a va ri ab le
deg re e.16,17 The IOP rhythmi cally al ters over ti me
du e to the ocu lar he mody na mics. The re fo re the
IOP me a su red by sta tic met hods may be bi a sed. A
dyna mic to no me ter  re gis ters the pres su re cur ve
with  both the re cur rent di as to lic and systo lic pres-
su res and its dif fe ren ce, the OPA.12

Du e to the chan ges in CCT ob ser ved in di a be -
tic pa ti ents we eva lu a ted the chan ges in IOP by
both GAT and DCT.11 The IOP me a su red by GAT
be fo re pho to co a gu la ti on tre at ment was not sig ni fi -
cantly dif fe rent than the IOP me a su red af ter tre at -
ment. Ho we ver both the IOP and the OPA va lu es
me a su red by DCT be fo re the tre at ment we re sig-
ni fi cantly less than the IOP va lu es me a su red af ter
the tre at ment.

In 12 pa ti ents the PRP was app li ed uni la te -
rally. The post tre at ment IOP and OPA me a su re -
ments we re not dif fe rent bet we en the tre a ted and
un tre a ted eye (Fi gu re 1). The re may be dif fe ren ces
bet we en both eyes of the sa me sub jects in pro per -
ti es that may af fect the IOP and OPA. The re fo re
the com pa ri son of the sa me eye be fo re and af ter
tre at ment may be mo re va lu ab le for eva lu a ting the
ef fect of pho to co a gu la ti on in IOP. 

The pre tre at ment and post tre at ment IOP va l-
u es of un tre a ted 12 eyes we re not sig ni fi cantly dif-
fe rent, but the OPA had in cre a sed sig ni fi cantly.
The OPA is de ter mi ned by in tra o cu lar vo lu me
chan ges pre do mi nantly de pen dent on the cho ro i -
dal vas cu la tu re (80-90% ocu lar blo od flow) and
car di ac cycle.18,19 Nor mally in eyes with pho to co a -

gu la ti on the OPA dec re a ses in the long term, tho -
ught to be du e to the ob li te ra ti on of cho ri o ca pil -
lary ves sels.2,3 Al so the IOP in the long term in
ar gon pho to co a gu la ted eyes is re por ted to be unc -
han ged or dec re a sed re la ti ve to tre a ted eyes.3,20 The
im me di a te in cre a sed OPA ob ser ved in both tre a -
ted and un tre a ted eyes may be re la ted  to the car di -
ac cycle that may be in cre a sed by the sympat he tic
disc har ge du e to the tre at ment and the im me di a te
ef fects of pho to co a gu la ti on on re ti nal and cho ro i -
dal cir cu la ti on which ne ed to as ses sed in de pen -
dently. This may be ref lec ted to so me deg re e to the
IOP which was fo und to be in cre a sed by DCT in
ad di ti on to so me ot her fac tors re la ted pho to co a gu -
la ti on tre at ment. Lo cal in cre a ses in pre re ti nal and
in tra re ti nal oxy gen ten si on and con se qu ently the
re ti nal va so cons tric ti on are ob ser ved in re gi ons
overl ying the pho to co a gu la ted ou ter re ti na in we -
eks af ter the tre at ment.1,4,21 This va so cons tric ti on
ho we ver is not an im me di a te ef fect. This can be
eva lu a ted by fu tu re stu di es with si mul ta ne o us mo -
ni to ri za ti on of the vi tal signs li ke blo od pres su re
and he art ra te star ting be fo re pho to co a gu la ti on.

The high ra te of in cre a sed IOP has be en re por -
ted to be du e to the cho ro i dal de tach ment and the
clo su re of ang le in few ca ses with ex ten si ve re ti nal
pho to co a gu la ti on.8,15 Ho we ver in most of the ca ses
in the sa me study, the ang le was open as in our pa-
ti ents.8 The re a son for the in cre a sed IOP in ca ses
with open ang le is obs cu re. One fac tor may be the
inf lam ma tory re ac ti on cha rac te ri zed by bre ak -
down of the blo od re ti nal bar ri er, pro te in le a ka ge
and in cre a sed PGE2 le vels af ter ar gon la ser in du -
ced cho ri o re ti nal da ma ge in ad di ti on to chan ges in
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FI GU RE 1: The IOP and OPA va lu es (mmHg) of eyes with and wit ho ut PRP
af ter tre at ment in ca ses with uni la te ral app li ca ti on of tre at ment.
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im me di a te ocu lar he mody na mic chan ges that sho -
uld al so be ad dres sed in anot her study.22-24

IOP me a su re ment by DCT is less inf lu en ced
by cor ne al pro per ti es and is al so cor re la ted with
me a su re ments by GAT tho ugh hig her va lu es may
be re cor ded by DCT.25,26 Tran si ent cor ne al ede ma
that may so me ti mes fol low ar gon re ti nal pho to co -
a gu la ti on, alt ho ugh cli ni cally may not be ob ser -
vab le, may al so inf lu en ce the IOP re a dings with
each met hod.27 Cli ni cal stu di es inc lu ding ma no -
met ric re fe ren ce pres su res and si mul ta ne o us mo n-

i to ri za ti on of vi tal signs will be ne ces sary to ad dress
the se qu es ti ons pro perly. The OPA va lu e in tro du -
ced to IOP re a dings sho uld al so be eva lu a ted as
well as the new cu toff va lu es for DCT that may dis-
cri mi na te bet ter nor mal and pat ho lo gic IOPs, be ca -
u se the se will not be equ i va lent to the thres holds
es tab lis hed for con ven ti o nal to no metry. 

Fi nally we think that DCT may be va lu ab le to
study the ocu lar pul se amp li tu de chan ges in di a be -
tic pa ti ents ref lec ting pos sib le vas cu lar chan ges in
the se pa ti ents.

IMMEDIATE INTRAOCULAR PRESSURE AND OCULAR PULSE AMPLITUDE CHANGES... Fatma YÜLEK et al

Turkiye Klinikleri J Ophthalmol 2009;18(4)Turkiye Klinikleri J Int Med Sci 2008, 4 215

1. Grunwald JE, Riva CE, Brucker AJ, Sinclair
SH, Petrig BL. Effect of panretinal photocoag-
ulation on retinal blood flow in proliferative di-
abetic retinopathy. Ophthalmology
1986;93(5):590-5.

2. Hessemer V, Schmidt KG. Influence of pan-
retinal photocoagulation on the ocular pulse
curve. Am J Ophthalmol 1997;123(6):748-52.

3. Schiødte SN. Changes in eye tension after
panretinal xenon arc and argon laser photo-
coagulation in normotensive diabetic eyes.
Acta Ophthalmol (Copenh) 1982;60(5):692-
700.

4. Feke GT, Green GJ, Goger DG, McMeel JW.
Laser Doppler measurements of the effect of
panretinal photocoagulation on retinal blood
flow. Ophthalmology 1982;89(7):757-62.

5. Fujio N, Feke GT, Goger DG, McMeel JW. Re-
gional retinal blood flow reduction following
half fundus photocoagulation treatment. Br J
Ophthalmol 1994;78(5):335-8.

6. Grunwald JE, Brucker AJ, Petrig BL, Riva CE.
Retinal blood flow regulation and the clinical
response to panretinal photocoagulation in
proliferative diabetic retinopathy. Ophthalmol-
ogy 1989;96(10):1518-22.

7. Liang JC, Huamonte FU. Reduction of imme-
diate complications after panretinal photoco-
agulation. Retina 1984;4(3):166-70.

8. Blondeau P, Pavan PR, Phelps CD. Acute
pressure elevation following panretinal photo-
coagulation. Arch Ophthalmol 1981;99(7):
1239-41.

9. Wessels IF, Oh Y. Tonometer utilization, ac-
curacy, and calibration under field conditions.
Arch Ophthalmol 1990;108(12):1709-12.

10. Whitacre MM, Stein R. Sources of error with
use of Goldmann-type tonometers. Surv Oph-
thalmol 1993;38(1):1-30.

11. Özcura F, Aydın S. [Central corneal thickness

in patients with type II diabetes mellitus]
Turkiye Klinikleri J Ophthalmol 2007;16(2):73-
6.

12. Kanngiesser HE, Nee M, Kniestedt C, In-
versini C, Stamper RL. Simulation of dynamic
contour tonometry compared to in-vitro study
revealing minimal influence of corneal radius
and astigmatism. The theoretical foundations
of dynamic contour tonometry. Invest Opthal-
mol Vis Sci 2003;44:E-Abstract 2641.

13. Photocoagulation treatment of proliferative di-
abetic retinopathy. Clinical application of Dia-
betic Retinopathy Study (DRS) findings, DRS
Report Number 8. The Diabetic Retinopathy
Study Research Group. Ophthalmology
1981;88(7):583-600.

14. Early photocoagulation for diabetic retinopa-
thy. ETDRS report number 9. Early Treatment
Diabetic Retinopathy Study Research Group.
Ophthalmology 1991;98(5 Suppl):766-85.

15. Huamonte FU, Peyman GA, Goldberg MF,
Locketz A. Immediate fundus complications
after retinal scatter photocoagulation. I. Clini-
cal picture and pathogenesis. Ophthalmic
Surg 1976;7(1):88-99.

16. Bhan A, Browning AC, Shah S, Hamilton R,
Dave D, Dua HS. Effect of corneal thickness
on intraocular pressure measurements with
the pneumotonometer, Goldmann applanation
tonometer, and Tono-Pen. Invest Ophthalmol
Vis Sci 2002;43(5):1389-92.

17. Brandt JD, Beiser JA, Kass MA, Gordon MO.
Central corneal thickness in the Ocular Hy-
pertension Treatment Study (OHTS). Oph-
thalmology 2001;108(10):1779-88.

18. Bill A. Circulation in the eye. In: Geiger SR,
ed. Handbook of Physiology: the Cardiovas-
cular System. 1st ed. Bethesda: The American
Physiological Society; 1984. p.1001-34.

19. Langham ME. Ocular blood flow and glauco-

matous eyes. In: Krieglstein GK, ed. Glau-
coma Update. III. 1st ed. Berlin: Springer-Ver-
lag; 1987. p.58-66.

20. Kaufman SC, Ferris FL 3rd, Swartz M. In-
traocular pressure following panretinal photo-
coagulation for diabetic retinopathy. Diabetic
Retinopathy Report No. 11. Arch Ophthalmol
1987;105(6):807-9.

21. Novack RL, Stefånsson E, Hatchell DL. The
effect of photocoagulation on the oxygenation
and ultrastructure of avascular retina. Exp Eye
Res 1990;50(3):289-96.

22. Ladas JG, Yu F, Loo R, Davis JL, Coleman
AL, Levinson RD, et al. Relationship between
aqueous humor protein level and outflow fa-
cility in patients with uveitis. Invest Ophthal-
mol Vis Sci 2001;42(11):2584-8.

23. Jaccoma EH, Conway BP, Campochiaro PA.
Cryotherapy causes extensive breakdown of
the blood-retinal barrier. A comparison with
argon laser photocoagulation. Arch Ophthal-
mol 1985;103(11):1728-30.

24. Naveh N, Weissman C. Corticosteroid treat-
ment of laser retinal damage affects
prostaglandin E2 response. Invest Ophthalmol
Vis Sci 1990;31(1):9-13.

25. Medeiros FA, Sample PA, Weinreb RN. Com-
parison of dynamic contour tonometry and
goldmann applanation tonometry in African
American subjects. Ophthalmology 2007;
114(4):658-65.

26. Barleon L, Hoffmann EM, Berres M, Pfeiffer
N, Grus FH. Comparison of dynamic contour
tonometry and goldmann applanation tonom-
etry in glaucoma patients and healthy sub-
jects. Am J Ophthalmol 2006;142(4):583-90.

27. Christiansen SP, Bradford JD. Cataract in in-
fants treated with argon laser photocoagula-
tion for threshold retinopathy of prematurity.
Am J Ophthalmol 1995;119(2):175-80.

REFERENCES


