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ABSTRACT

oz

Purpose: Evaluating changes in intraocular pressure and ocu-
lar pulse amplitude in eyes with intravitreal bevacizumab
injection.

Materials and Methods: 18 eyes of 17 patients with infravit-
real bevacizumab injection were included in the study. Int-
raocular pressure (IOP) (by GAT and by PDCT) and ocu-
lar pulse amplitude (OPA) (by PDCT) were measured befo-
re and after the intravitreal injection.

Results: The IOP before injection was 15.25+2.91 mmHg whi-
le 30 minutes and 1 week after the injection the IOP was
16.35+3.32 mmHg and 14.65=5.11 mmHg respectively
by GAT. The IOP before injection was 18.17+1.11 mmHg
while 30 minutes and 1 week after the injection the IOP
was 19.94+1.26 mmHg and 17.25+3.23 mmHg respec-
tively by PDCT. The IOP values before the injection were
not significantly different from the measurements both 30
minutes and 1 week after the injection by both of the met-
hods (The p values for the measurements 30 minutes and
one week after the injection by GAT were 0.180 and 0.550
respectively; and by PDCT they were 0.169 and 0,379 res-
pectively). The OPA before the injection was 2.74+1.01
mmHg whereas 30 minutes and 1 week after the injection
the OPA values were 3.05+1.20 mmHg and 2.58+1.12
mmHg respectively. The OPA measurements 30 minutes
after injection were significantly increased according to
preinjection values (p=0.035).

Conclusion: Early changes in IOP after intravitreal bevacizu-
mab injection were not noted by GAT and PDCT. The OPA
by PDCT was significantly increased 30 minutes after the
injection. This increase in OPA may be caused by early ef-
fects of bevacizumab on choroidal blood flow. However we
think that we need future studies providing the nomograms
of this new method for measurement of OPA to evaluate
the clinical significance of measurements.
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Amag: intravitreal bevacizumab enjeksiyonu sonrasi okuler
pulse amplitudi ve géz ici basing degisimlerini incelemek.

Gereg ve Yontem: Ameliyathane sartlarinda, steril ortamda
infravitreal bevacizumab enjeksiyonu  (1.25mg/0.05¢c)
yapilan 17 hastanin 18 g6z0 ¢calismaya dahil edildi. Enjek-
siyon &ncesi ve sonrasi dénemde géz i¢i basing degerleri
(GIB); Goldmann Aplanasyon Tonometresi (GAT) ve
eszamanli olarak paskal dinamik kontir tonometresi
(PDKT) ile &lctldy ve okuler pulse amplitodi (OPA) 8lgim-
leri (PDKT ile) yapild.

Bulgular: Enjeksiyon 6ncesi GAT ile 15.25£2.91 mmHg olan
ortalama GIB"1, enjeksiyondan 30 dk sonra 16.35+3.32
mmHg; enjeksiyondan 1 hafta sonra 14.65+5.11 mmHg
olarak bulundu. Enjeksiyon éncesi PDKT ile 18.11+1.13
mmHg olan ortaloma GIB, enjeksiyondan 30 dk son-
ra 19.94+1.26 mmHg; enjeksiyondan 1 hafta sonra
17.25+3.23 mmHg olarak saptandi. Her iki metod ile
enjeksiyon éncesi goz ici basing dlcimleri ile enjeksiyon-
dan 30 dk sonra ve enjeksiyondan 1 hafta sonraki goéz
ici basing dlcimleri arasinda istatistiksel olarak anlamli bir
fark saptanmadi.(Sirasiyla 30. dakika ve 1. haftada GAT
icin p=0.180 p=0.550; PDKT icin p=0.169 p:0.379).
Enjeksiyon éncesi 2.74+1.01 mmHg olan OPA; enjeksi-
yondan 30 dk sonra 3.05+1.20 mmHg; enjeksiyondan 1
hafta sonra 2.58+1.12 mmHg olarak tespit edildi. Enjek-
siyondan 30 dk sonra 8l¢ilen ortalama OPA degeri, enjek-
siyon dncesi déneme gére artmig olarak saptandi. Bu fark
istatistiksel olarak anlamli bulundu (p=0.035).

Sonug: Sonug olarak, intravitreal bevacizumab enjeksiyonu
sonrasi erken dénemde GAT ve PDKT ile GIB da anlamli
degisiklikler izlenmemektedir. OPA ise enjeksiyondan 30
dk sonra sonra yapilan élcimlerde anlamli olarak yiksek
bulunmustur. Bu artig, bevacizumabin erken dénemde
koroidal kan akimina etkilerinden kaynaklanabilir. An-
cak PDKT ile OPA &élgumlerinin klinik olarak anlamlarini
degerlendirebilmek icin, bu 8lcimlerin nomogramlarini be-
lirleyen calismalara da ihtiyag duyuldugunu diginmekteyiz.

Anahtar Kelimeler: Bevacizumab, géz ici basing, Goldmann
Aplanasyon Tonometresi, Okuler Pulse Amplitudi, Paskal
Dinamik Kontir Tonometresi.
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INTRODUCTION

Goldmann applanation tonometry (GAT) is the most
often utilized golden standart method for the indirect me-
asurement of intraocular pressure (IOP) in ophthalmo-
logy practice.’” However due to applanation of corneal
surface, the measurements by this method can be influ-
enced by corneal surface properties like thickness, curva-
ture, rigidity and astigmatism.?

Pascal dynamic contour tonometry (PDCT) has been
developed as an alternative to GAT to eliminate these
drawbacks to measure the IOP by direct transcorneal
contact.® The PDCT measures the IOP directly and con-
tinously providing values independent of the central cor-
neal thickness (CCT) and corneal curvature.®* Also by
ocular pulse amplitude (OPA) measurements provided
by PDCT, the difference between systolic and diastolic
pressure, which is an indirect measure of ocular blood
flow and choroidal perfusion can be evaluated.>¢

Bevacizumab, a vascular endothelial growth fac-
tor (VEGF) inhibitor, has been used frequently for ocular
neovascular diseases in recent ophthalmology practice.
lts application in wet type senile macular degeneration,
cystoid macular edema, retinal vein occlusion, diabetic
retinopathy, diabetic macular edema, pathological myo-
pia and neovascular glaucoma have been observed.”:?
Several complications like anterior chamber inflammati-
on, subconjunctival hemorrhage, vitritis, uveitis, posteri-
or vitreus detachment and endophthalmitis after its intra-
vitreal injection have been reported.” We could not find
a study evaluating the effects of bevacizumab on ocular
blood flow in the literature.

We aimed to investigate the early IOP and OPA
changes by intravitreal bevacizumab injections by this
study.

MATERIALS AND METHODS

The study was approved by the appropriate institu-
tional review board, and written consent was obtained
from each patient after complete explanation of the pro-
cedure and possible side effects. 18 eyes of 17 patients
with a mean age of 68+8.90 (minimum 46, maximum
77) were included in the study. The diagnosis of retinal
diseases included choroidal neovascular membranes
(8 patients), proliferative diabetic retinoapthy (6 pati-
ents), cystoid macular edema (2 patients) and retinal vein
occlusion (2 patients). Patients with corneal surface prob-

lems, glaucoma, pseudoexfoliation and previous history
of intravitreal injection were excluded. Intravitreal beva-
cizumab injection (1.25 mg/0.05 cc) was performed un-
der sterile conditions in the operating room.

Before the procedure best corrected visual acuity was
measured and complete ophthalmological examinati-
on, ultrasonic pachymetry (BV International, Clermont-
Ferrand, France) and fundus fluorescein angiography
were performed.

Before injection, 30 minutes and one week after in-
jection the IOP (by GAT and PDCT) and OPA (by PDCT,
Pascal Tonometer, Swiss Microtechnology AG, Port, Swit-
zerland) were measured. During measurements 10 mi-
nutes interval was taken between GAT and DCT to mi-
nimize a tonographic effect. Applanation tonometry was
measured by Goldmann tonometry. Two measurements
were consecutively taken for each eye; only the second
one was used in the study (original Goldmann method).
During measurements with DCT quality scores (q values)
less than three were included. All the measurements were
done by the same person and the measurements of the
eye without injection were also performed.

The results were evaluated by the SPSS 11.0 version.
The comparison of same eye before and after injections
was made by Wilcoxon signed rank test and the compa-
rison of the eyes with and without injection of the same
subject was done by Mann Whitney U test.

RESULTS

The mean central corneal thickess (CCT) of the eyes
with injection was 509+27,9 u (minimum 459, maxi-
mum560). The IOP and OPA values of eyes with Bevaci-
zumab injection before, 30 minutes and one week after
the injection are seen in Table.

The IOP values measured by GAT and PDCT before
the injection were not significantly different than the va-
lues 30 minutes and one week after the injection (Table).

The mean OPA values measured 30 minutes after
the injection were found to be increased according to
pre-injection values and the difference was statistically
significant (p= 0.037). However the OPA values measu-
red one week after the injection had a decrement which
was not statistically significant in comparison to the pre-
injection values (Table).

The OPA values of eyes without injection (of the
same subjects with intravitreal injection of the fellow eye)

Table: The IOP and OPA values of eyes with bevacizumab injection before, 30 minutes and one week after the injection of bevaci-
zumab. (*: The p value for measurements at 30 minutes after injection, **: The p value for measurements 1 week after the injection).

Before injection 30minutes after injection p * 1 week after injection p**
(mmHg) (mmHg) (mmHg)
IOP by GAT 15.25+2.91 16.35+3.32 0.180 14.65+5.11 0.550
IOP by PDCT 18.11+1.13 19.94+1.26 0.169 17.25+3.23 0.379
OPA 2.74%1.01 3.05+1.20 0.035 2.58+1.12 0.455
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before the procedure (the injection of fellow eye) were
not significantly different than the values 30 minutes and
one week after the injection (p>0.05).

DISCUSSION

There have been several studies for observing
early IOP changes after intravitreal vascular endotheli-
al growth factor injections in recent years. A predictab-
le assumed to be volume-related rise in IOP three minu-
tes after intravitreal bevacizumab injection which sponta-
neously falls below 30 mmHg has been reported.9 Also
increased IOP 30 minutes after the injection, which is
again transient, has been mentioned.'® In another study
with pegantanib a mean rise of 8.74+7.23 mmHg in the
IOP from baseline at 30 minutes after injection has been
shown to be normalized at 5-to 7- day follow up visit."

Hollands et al have reported the mean IOP values
at baseline, 2, 5, and 30 minutes after injection as 14.0
mmHg (95% confidence interval [Cl] 13.4-14.7), 36.1
(95% CI 33.5-38.6) mmHg, 25.7 (95% CI 23.8-27.5)
mmHg, and 15.5 (95% Cl 12.4-16.51) mmHg, respec-
tively.10 Kernt M et al.: have reported 13.9+2.6 mmHg
as the highest mean immediate postinjection IOP.'?

In our study the mean IOP at 30 minutes and one
week after injection were 16.3.+3.3 mmHg (mini-
mum-11.0 maximum-22.0) and 14.7+5.1 mmHg (mi-
nimum-7.0 maksimum-22.0) respectively in accordance
with the other studies,9-12 decreasing more with time.

As observed in these studies done with GAT, the IOP
recordings maybe variable in different studies due to the
measurement method. In our study the IOP readings
provided by GAT and PDCT are correlated, though the
readings by PDCT are somewhat higher. Similarly some
studies comparing the two methods show that the IOP re-
adings by PDCT are about 2 mmHg more than those ob-
tained by GAT. ¢

OPA is a method of measurement reflecting the
changes in ocular blood flow.6 In our study there was
a significant increase in OPA 30 minutes after injection
(p=0.037). It has been shown that the OPA is affected
by hemodynamic properties like systemic blood pressure
(BP) and heart rate.®

Intensified monitoring of circadian BP and heart
rate before and after intravitreous injection of bevacizu-
mab has shown a general rise in mean BP, heart rate and
pulse pressure and reduced nocturnal dipping assumed
to be caused by pharmacodynamic effects on the vasal
tone."

We have evaluated the measurements of the eye wit-
hout injection which may also be affected by the same
systemic hemodynamic changes to have some proof
about such a relation. Although the OPA is increased in
the eye with injection, there was a decrease in OPA in the
eye without injection.

Another factor that may affect the OPA is the intrao-
cular volume and the IOP changes during injections ob-
served in the early period. More controlled studies are
needed to evaluate these relations.

We have to accept that PDCT may have some limi-
tations in evaluating the OPA like other methods for eva-
luating ocular blood flow such as color doppler imaging
and fundus fluorescein angiography.'* We think that dif-
ferent methods should be used together to better evalua-
te the ocular blood flow.

Finally, as a result of our study w emay conlude that
the changes of IOP measured by GAT and PDCT seem
not to be significant in the early period. The OPA values
30 minutes after the injection were signficantly increased,
however the nomograms for these measurements for this
new method should also be evaluated with future studies
in order to have an idea about the clinical significance of
the results obtained.

KAYNAKLAR/REFERENCES

1. Francis BA, Hsieh A, Lai MY et al.: Effects of corneal thickness,
corneal curvature, and intraocular pressure level on Goldmann
applanation tonometry and dynamic contour tonometry . Oph-
thalmology. 2007;114:200-226.

2-  AKotecha, E T White: The relative effects of corneal thickness and
age on Goldmann applanation tonometry and dynamic contour
tonometry Br J Ophthalmol. 2005;89:1572-1575.

3-  Kanngiesser HE, Kniestedt C, Robert YC.: Dynamic conto-
ur fonometry: presentation of a new tonometer. J Glaucoma.
2005;14:344-350.

4. Oztirk F, Kusbeci T, Yavas G, ve ark.: Pascal Dinamik Kontir To-
nometre ile élgilen Gézigi Basinci Degerlerinin Goldmann App-
lanasyon Tonometresi, Non-kontakt Tonometre ve Tonopen ile
kargilaghrilmasi ve santral kornea kalinhginin etkisi. Glo-Kat.
2006;1:171-175.

5-  Von Schulthess SR, Kaufmann C, Bachmann LM, et al.: Ocu-
lar pulse amplitude after trabeculectomy. Graefes Arch Clin Exp
Ophthalmol. 2006;244:46-51.

6-  Detry-Morel M, Jamart J, et al.: Clinical evaluation of the pascal
dynamic contour tonometer. J Fr Ophtalmol. 2007;30:260-270.

7-  Shalini S Lynch and Christine M Cheng.: Bevacizumab for ne-
ovascular ocular diseases. The Annals of Pharmacotherapy.
2007;41:614-625.

8-  Polat B, Batioglu F, Atsam N, ve ark.: Diyabetik Retinopati Te-
davisinde Intravitreal Bevacizumab’in etkinligi. MN Oftalmol.
2007;14:255-257.

9-  Falkenstein IA, Cheng L, Freeman WR.: Changes of intraocular
pressure after intravitreal injection of bevacizumab (avastin). Reti-
na. 2007;27:1044-1047.

10- Hollands H, Wong J, Bruen R, etal.: Short-term intraocular pres-
sure changes after intravitreal injection of bevacizumab. Can J
Ophthalmol. 2007;42:807-811.

11- Frenkel RE, Mani L, Toler AR, et al.: Intraocular pressure effects of
pegaptanib (Macugen) injections in patients with and without gla-
ucoma. Am J Ophthalmol. 2007;143:1034-1035.

12- Kernt M ,Neubauer AS, Kambik A.: Intravitreal bevacizumab is
safe in terms of intraocular and blood pressure.Acta Ophtalmo-
logica Scandinavica. 2007;85:1:119-120.

13- Ziemssen F, Zhu Q, Peters S, et al.: Tuebingen Bevacizumab
Study Group, Ziemssen T. Intensified monitoring of circadian blo-
od pressure and heart rate before and after intravitreous injecti-
on of bevacizumab: preliminary findings of a pilot study. Int Oph-
thalmol. 2008. [Epub ahead of print].

14- Hayreh SS.: Blood Flow in optic nerve head and factors that may
influence it. Progress in Retinal and Eye Research. 2001;20:595-
924.



