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Sustained Elevation of Intraocular Pressure After Multiple
Intravitreal Antivascular Endothelial Growth Factor
Injection Agents: Comparison of Bevacizumab and
Ranibizumab
Coklu Intravit.real Antivaskiiler Endotelyal Biiyiime Faktorii Enjeksiyonu
Sonrasi Goz I¢i Basincinda Devamlilik Gosteren Artis: Bevacizumab ile

Ranibizumabin Karsilastirilmasi

Mehmet Ozgiir CUBUK', Zeynep AKTAS’, Yiicel UCGUL?, Armagan YUVARLAK?, Murat HASANREISOGLU?,
Sengiil OZDEK?, Gokhan GURELIK®

ABSTRACT

Purpose: To evaluate the long-term intraocular pressure (IOP) changes after intravitreal bevacizumab and ranibizumab and to compare their
impacts on IOP.

Method: The medical charts of patients treated with intravitreal anti-vascular endothelial growth factor anti-vascular endothelial growth factor
(VEGF) (bevacizumab-ranibizumab) for retinal vascular disorders or age-related macular degeneration (AMD) from January 2011 to January
2015 were retrospectively reviewed. Patients with any other history of steroid therapy and intraocular surgery except cataract surgery were
excluded. Baseline IOP was defined as the pre-injection mean IOP for two consecutive visits before the first injection and the final IOP was
defined as the mean IOP for two consecutive visits measured at first month after the last injection. Significant IOP elevation was defined as IOP
elevation higher than 5 mmHg or final IOP higher than 21 mmHg provided that it is higher than baseline IOP.

Results: Hundred eighty three eyes (143 with AMD and 40 with diabetic macular oedema) from 160 patients were included in this study. [OP
elevation after intravitreal anti-VEGF therapy was statistically significant (P=0,0001 paired samples t-test). Sixteen eyes (8.7%) had IOP eleva-
tions greater than 5 mmHg, Ten (5.4%) had final IOPs higher than 21 mmHg. After the exclusion of patients with primary open angle glaucoma
(PAOG) and pseudoexfoliation syndrome (PXS), two of 132 eyes in the ranibizumab group and two of 22 eyes in the bevacizumab group had
final IOP values higher than 21 mmHg. The differences were statistically significant (p=0.040, Pearson chi-square test).

Conclusion: IOP rise is more significant in patients who received bevacizumab compared to ranibizumab. Hence ranibizumab injection might
be recommended as a first choice especially in patients with POAG.
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0z

Amag: Intravitreal bevacizumab ve ranibizumab tedavisini takiben izlenen uzun dénem g6z igi basinci (GIB) degisikliklerinin arastirilmasi ve
iki ajanin karsilastirilmast

Gerec ve Yontem: Ocak 2011 ile Ocak 2015 tarihleri arasinda retinal vaskiiler hastalik veya yasa bagli makula dejenerasyonu (YBMD) teda-
visinde intravitreal anti-vaskiiler endotelyal biiyiime faktdrii (VEGF) uygulanmis hastalarin dosyalari retrospektif sekilde tarandi. Oykiisiinde
katarakt cerrahisi disinda intraokiiler cerrahi ve steroid tedavisi olan hastalar calisma disinda birakildi. Bazal GIB ilk enjeksiyon oncesi iki
ardigik vizitte dlgiilen GIB’ nin ortalamasi seklinde tanimlanirken, final GIB ise son enjeksiyonun birinci ayinda iki ardisik vizitte l¢iilen orta-
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lama GIB’ni ortalamasi seklinde tanimlandi. GIB’da 5 mm Hg’dan daha fazla artis olmasi veya final GIB 21 mmHg iizerinde olmasi anlamli
GIB artis1 seklinde kabul edildi.

Bulgular: 160 hastanin 183 gézii (143 YBMD, 40 diyabetik makula 6demi) ¢alismaya dahil edildi. Anti-VEGF tedavi sonras1 GIB’daki yiiksel
istatiksel anlaml1 bulundu (P=0.0001 paired samples t-test). 183 gozden 16 sinda (%8.7) GIB artis1 5 mmHg den fazla idi, 10 gozde (%5.4)
final GIB 21 mm Hg iizerinde idi. Primer acik agili glokom (PAAG) ve psédoeksfoliatif sendrom (PES) tanisi olan olgular dislandiginda ran-
ibizumab grubunda 132 gézden ikisinde, bevacizumab grubunda 22 gézden ikisinde final GIB 21 mmHg iizerinde idi. iki grup arasindaki fark
istatiksel olarak anlamlrydi (p=0.040, Pearson ki-kare test).

Sonug: Bu ¢aligma, bevacizumab tedavisinin GIB diizeyini ranibizumab’dan daha fazla artirdigin1 gdstermektedir, bu nedenle 6zellikle PAAG

olgularinda ranibizumabin 6ncelikli tercih olmasi dnerilebilir.

Anahtar Kelimeler: Vaskiiler endotelyal biiylime faktorii, ranibizumab, bevacizumab, g6z i¢i basinci.

INTRODUCTION

Vascular endothelial growth factor (VEGF) is an important
factor in the pathogenesis of retinal vascular disorders, such
as age-related macular degeneration (AMD), retinal vein
occlusion and diabetic retinopathy (DRP).! Therefore, an-
ti-VEGF agents are the mainstay of treatment for such dis-
eases. Intravitreal ranibizumab (Lucentis; Genentech, San
Francisco, CA) and bevacizumab (Avastin; Genentech) are
anti-VEGF agents used to treat retinal vascular disorders.>*
Although these agents have been shown to be efficacious
with rarely reported ocular adverse events, their duration of
action is limited, and the pathology is typically not cured by
a single anti-VEGF treatment.>* A transient increase in in-
traocular pressure (IOP) can occur after the injection of fluid
into the vitreous cavity. Elevated IOP as a complication fol-
lowing anti-VEGF injections was not reported in two trials:
“Anti-VEGF Antibody for the Treatment of Predominantly
Classic Choroidal Neovascularization in Age-Related Mac-
ular Degeneration” (ANCHOR) and “Minimally Classic/
Occult Trial of the Anti-VEGF Antibody Ranibizumab in the
Treatment of Neovascular Age-Related Macular Degenera-
tion” (MARINA).>* However, recent studies have suggested
sustained elevations in IOP after anti-VEGF treatment.>!
Good et al.” showed sustained IOP elevations in 6% of all
studied eyes (215) and in 33% of the study patients with
previously diagnosed glaucoma. Additionally, they found
a higher prevalence of elevated IOP in eyes treated with
bevacizumab alone (9.9%) than in those treated with ran-
ibizumab alone (3.1%).” Similarly, Adelman et al.® showed
that four out of 116 patients with AMD (3.45%) developed
sustained elevations in IOP after anti-VEGF therapy.

In the present study, we aimed to evaluate and compare
long-term IOP changes after the administration of intravitre-
al bevacizumab and ranibizumab.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Re-
view Board/Ethics Board of Gazi University. A retrospec-
tive, comparative study was designed to assess the effects of

intravitreal anti-VEGF therapy on IOP. We retrospectively
reviewed the medical charts of patients treated with intrav-
itreal anti-VEGFs (bevacizumab or ranibizumab) for retinal
vascular disorders or AMD from January 2011 to January
2015. Patients with any other history of steroid therapy, of
intraocular surgery except cataract surgery, angle closure
glaucoma or of proliferative diabetic retinopathy; patients
with complications such as endophthalmitis or traumatic
cataract after intravitreal anti-VEGF injection; and patients
with follow-up periods shorter than six months were exclud-
ed from the study. Eyes treated with both ranibizumab and
bevacizumab were also excluded.

Eyes treated with only one type of anti-VEGF (ranibizum-
ab or bevacizumab) with a follow-up period longer than
six months were included in the current study. The patients
treated in both eyes included in the current study, only if a
different type of anti-VEGF treatment was applied to dif-
ferent eyes. Patients with primary open angle glaucoma,
pseudoexfoliation syndrome and family history of glauco-
ma were also included. Statistical analysis was repeated in
patients with and without a history of primary-open angle
glaucoma, pseudoexfoliation syndrome and family history.

All injections were performed in an operating room under
topical anaesthesia, achieved using 0.5% proparacaine hy-
drochloride (Alcaine; Alcon). After the use of a 5% povi-
done-iodine solution for irrigation of the conjunctiva, con-
junctival displacement was performed with a cotton tip, and
the anti-VEGF agent (1.25 mg/0.05 ml repackaged beva-
cizumab or 0.5 mg/0.05 ml ranibizumab) was injected via
the pars plana, 3.5-4 mm posterior to the limbus, using a
syringe with a 30-gauge needle. After the procedure, the pa-
tients were instructed to use netilmicin eye drops (Netira;
Teka Pharma, Turkey) four times daily for three days. IOP
was measured with a Goldmann applanation tonometer be-
fore injection, the first week after injection, and first-month
visits. The measurements were performed between 9 am and
11 am. The baseline IOP was defined as the pre-injection
mean [OP for two consecutive visits before the first injec-
tion, and the final IOP was defined as the mean IOP for two
consecutive visits in the first month after the last injection.
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Basic demographic information was recorded, as well as
data obtained by full ophthalmic examinations at each vis-
it. These examinations included best corrected visual acuity
tests, [OP measurements, slit-lamp examinations, fundus
biomicroscopy and optical coherence tomography. The to-
tal number of bevacizumab or ranibizumab injections given
was also recorded. Significant IOP elevation was defined as
being higher than 5 mmHg or as a final IOP higher than 21
mmHg, provided this was higher than the baseline IOP.

The statistical analyses were performed using SPSS for
Windows, version 11.5. Paired samples t-tests were used to
compare the baseline and final IOP values. Subgroup analy-
ses were done via independent samples t-tests. Pearson cor-
relation and multivariate analyses were performed to assess
the relationship between the number of injections given and
IOP elevation. A p value of <0.05 was considered statisti-
cally significant.

RESULTS

The medical records of 500 patients were reviewed, and 183
eyes (143 with AMD and 40 with diabetic macular oedema)
from 160 patients were included in this study. The demo-
graphic characteristics of the patients are shown in Table 1.

The baseline IOP value of all eyes was measured as
14.4+2.7 (8-24 mmHg), and the final IOP value of all eyes
was 15.6£2.8 (10-28 mmHg). The IOP elevation was statis-
tically significant (p=0.0001, paired samples t-test) (Table
2). The same analysis was performed after the exclusion of
patients with primary open angle glaucoma (POAG) and
pseudoexfoliation syndrome (PXS), intended to exclude the
effects of glaucomatous diseases on IOP. After these exclu-
sions, the baseline IOP value was 14.6+2.6 mmHg, the final
IOP value was 15.6+2.7 mmHg and the IOP elevation was
still statistically significant (p=0.0001) (Table 2).

Table 2. Comparison of Baseline and Final IOP Values.

Parameters Baseline Final p
10P 10P

All Patients 144+£2.8]| 15.6£2.8 | 0.0001*

Patients Without POAG-PSX | 14.5+2.7 | 15.742.6 | 0.0001*

*Paired samples t test POAG: primary open angle glaucoma PSX:
pseudoexfoliation

Sixteen eyes (8.7%) from 183 had IOP elevations greater
than 5 mmHg. One of these patients had POAG, and two
had PXS. Ten (5.4%) of the 183 had final IOPs higher than
21 mmHg; three of these patients had POAG, and three had

- — PXS. The significant IOP elevation rates of the patients with
Table 1. Demographic Characteristics. and without POAG and PXS are presented in Table 3. The
Parameters Values | Range patients with final IOPs higher than 21 mmHg needed addi-
Mean age (v) 71.3+111 | 3591 tional antiglaucomatous therapy, and the IOP elevation was
Mean follow-up time (m) ISR [ successfully treated with medical therapy in all patients. No
Mean number of ranibizumab injection 7.8+5.0 3-24 additional surgical treatment was required.
Mean number of bevacizumab injection 5.0£2.1 3-12
AMD /DME 143/40 We also compared patients treated with ranibizumab and
Only ranibizumab (E) 149 bevacizumab after excluding patients with POAG or PXS.
Only bevacizumab (E) 34 Two of 132 eyes in the ranibizumab group and two of 22
POAG* 9 eyes in the bevacizumab group had final IOP values higher
PSX* 9 than 21 mmHg. The differences were statistically signifi-
vty [y O e ) cant (P=0.040, Pearson chi-square test): Patignts with IO.P
Pseudophakia 9 elevations greater t%lan 5 mmHg were higher in the bevac'l—
AMD: age related macular degeneration Zl',lmab group than in tl'le'ranlblz'um'ab group, although this
DME: diabetic macula edema y: year difference was not statistically significant (p=0.090) (Table
m: month  E: Eye POAG: primary open angle glaucoma 4). The mean IOP elevation in the patients treated with bev-
PSX: pseudoexfoliation ~ * 2 patients with PSX also have POAG acizumab was comparable to that in patients treated with ra-
**This patient has also POAG nibizumab (p=0.350, independent samples t-test) (Table 4).

Table 3. The Significant IOP Elevation Rates of Patients with or without POAG - PSX.

Parameters All patients | Patients without POAG and PSX | Patients with POAG | Patients with PSX
Eye 183 154 9 22

Final IOP>21 mmHg 10 (5.4%) 4 (2.5%) 3(33.3%) 3 (13.6%)
Higher SmmHg 16 (8.7%) 13 (8.4%) 1(11.1%) 2 (9.0%)
Additional therapy 10 (5.4%) 4(2.5%) 3(33.3%) 3 (13.6%)
POAG: primary open angle glaucoma PSX: pseudoexfoliation 2 patients with PSX also have POAG
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Table 4. Comparison of Patients Treated with Only Beva-
cizumab to treated with Only Ranibizumab.

Parameters Only Only P
Bevacizumab | Ranibizumab

Patients 22 132

IOP elevation 1.9+2.7 1.3£2.3 0.35%

Final IOP>21 mmHg 2/22 2/132 0.04**

Higher SmmHg 18.1% (4) 6.8% (9) | 0.09%*

Mean number of 4.9+2.2 7.8£5.0 0.008*

injection

Correlation analysis r=0.28 r=0.311

between

Number of injection- p=0.09 p=0.001

EIOP

Univariate analysis (D) p=0.76 p=0.89

Univariate analysis (S) p=10.29 p=0.155

Univariate analysis (A) p=0.44 p=0.37

Univariate analysis (LC) p=0.38 p=0.35

Univariate analysis p=0.08 p=0.001

number of injection

*independent samples t test ~ **Pearson chi-square test
IOP: Intraocular pressure EIOP: elevation of intraocular pressure
D: diagnosis  S:sex  A:age LC: lens condition

However, the number of ranibizumab injections given was
statistically significantly higher than the number of bevaci-
zumab injections given (p=0.008) (Table 4).

The effects of different factors on IOP were also analysed
separately for both the ranibizumab and bevacizumab group.
In patients treated with ranibizumab, a Pearson correla-
tion analysis showed a weak positive correlation between
the number of injections and elevations in IOP (p=0.001,
r=0.311) (Table 4). This correlation was not found in pa-
tients treated with bevacizumab (p=0.09, r=0.280) (Table 4).
A univariate analysis also showed that the number of injec-
tions had a significant effect on the elevation of IOP in pa-
tients treated with ranibizumab (p=0.001) but not in patients
treated with bevacizumab. Additionally, a multivariate anal-
ysis found that age, sex, diagnosis and lens condition had no
effect on IOP elevation (Table 4).

We also found that IOP elevation was greater in pseudopha-
kic eyes (1.4+2.3 mmHg) than in phakic eyes (1.25+2.4
mmHg), but the difference was not statistically significant
(p=0.300).

DISCUSSION

Anti-VEGF agents have been shown to be efficacious in
clinical practice with rarely reported ocular adverse events.
They are the mainstay of therapy for retinal vascular dis-
eases and AMD. However, the long-term safety data are

still insufficient.'” Short-term transient ocular hypertension
immediately after intravitreal anti-VEGF therapy is a well-
known complication. While sustained IOP elevations after
anti-VEGF injections were not reported in the ANCHOR or
MARINA trials,>* recent reports suggest that such elevations
are possible.>®

It has been previously reported that immediate elevations in
IOP after injection normalize within 30—120 minutes with-
out any lowering therapy.'*!'* Hollands et al.'” showed that
elevations in IOP normalized within two hours in 103 of 104
patients treated with intravitreal injections of bevacizumab,
and they suggest that this treatment is safe with respect to
short-term IOP changes. However, several reports have in-
dicated sustained IOP elevation.>*!>!® Good et al.” reported
sustained IOP elevation in 10 eyes among 101 (9.9%) treat-
ed with bevacizumab and three eyes among 96 (3.1%) treat-
ed with ranibizumab. They defined sustained IOP elevation
as an IOP greater than 22 mmHg, with a value above the
baseline greater than 6 mmHg, lasting 30 days including at
least two visits.” Kim et al."® also showed sustained IOP el-
evation in 14 of 401 eyes (3.5%). Similarly, Baek et al.!” re-
ported an IOP increase greater than 5 mmHg above the base-
line in nine eyes of 152 (5.9%) treated with bevacizumab.
Other previous studies showed varying results because of
differing definitions of IOP elevation. In the present study,
we compared baseline IOP values to final IOP values and
analysed patients with IOP elevations greater than 5 mmHg
and patients with final IOPs higher than 21 mmHg. Sub-
group analyses were also done. We included 183 eyes (143
with AMD and 40 with diabetic macular oedema) from 160
patients with a mean follow-up time of 21.9 months (6-78
months). Like previous studies, our study showed that the
final IOP values were significantly higher than the baseline
IOP values. To exclude the effect of glaucomatous diseas-
es on IOP, we repeated the analysis without patients with
POAG or PXS, and we reached the same conclusion. Also
like other studies, we found that 13 eyes of 154 (8.4%) had
IOP elevations greater than 5 mmHg (Table 3)."!¢!® Addi-
tionally, after excluding patients with POAG and PXS, we
found that four eyes of 154 (2.5%) had final IOPs higher
than 21 mmHg (Table 3). Agard et al.'” suggest that the risk
of intravitreal-anti-VEGF-induced IOP elevation increases
in the presence of glaucoma and must be checked during fol-
low-up. Consistent with this, three of the nine patients in the
present study with a history of POAG had a final IOP value
higher than 21 mmHg and required additional anti-glauco-
matous therapy.

Previous studies reported a correlation between the mean
number of injections and IOP elevation. Tseng et al.” showed
a high proportion of eyes with significant elevations in [OP
after a high number (>20) of intravitreal injections. Addi-
tionally, Hoang et al.'® and Baek et al.'” reported a positive
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correlation between the number of injections and sustained
elevations in IOP. Similarly, in patients in our study treated
with ranibizumab, the univariate analysis showed that the
number of injections had a significant effect on elevations
in IOP (p=0.001). We also found a weak positive correla-
tion between the number of injections and IOP elevation
(p=0.001, r=0.311). The same correlation was not found in
patients treated with bevacizumab (p=0.09, r=0.280) (Table
4). We suggest that this could be due to the limited num-
ber of patients in the bevacizumab group. Additionally, like
Baek et al., we found no association between IOP elevation
and age, sex, diagnosis or lens condition in either the ranibi-
zumab or bevacizumab group (Table 4)."

Some studies report an association between phakic eyes
and sustained TOP elevation.?!?> However, other reports
suggest that sustained elevations in IOP are more common
in pseudophakic eyes with a history of neodymium-doped
yttrium aluminium garnet laser (Nd:YAG) capsulotomy.”®
Pharmacokinetic studies also report that pseudophakic pa-
tients, especially those who have had a Nd:YAG capsuloto-
my, are prone to sustained elevations in IOP,* as there may
be a disruption of the anterior hyaloid or zonules, allowing
anti-VEGF agent particles into the anterior chamber.”* We
also found that IOP elevation was greater in pseudophakic
eyes, although the difference was not statistically significant
(p=0.300). We suspect that the low rate of Nd:YAG treat-
ment in our pseudophakic patients may be the cause of this
insignificant difference.

There are multiple theories explaining the pathogenesis of
sustained elevations in IOP, but the most common theory
is microparticle obstruction of the trabecular meshwork.?
Kahook et al.>* showed that multiple samples of repackaged
bevacizumab included various concentrations of high-mo-
lecular-weight protein aggregates. Additionally, Good et al.’
reported that a high proportion of patients with sustained
elevations in IOP received intravitreal injections from the
centre obtaining repackaged bevacizumab. We showed that
two of 132 eyes in the ranibizumab group and two of 22
eyes in the bevacizumab group had final IOP values higher
than 21 mmHg. The difference between the ranibizumab and
bevacizumab groups was statistically significant (p=0.04,
Pearson chi-square test). We also found that, compared to
the ranibizumab group, the bevacizumab group had greater
IOP elevations and a higher number of patients with IOP
elevations greater than 5 mmHg, although the differences
were not statistically significant. We suggest that the insig-
nificance of the differences may be due to the fact that the
number of injections was significantly higher in the ranibi-
zumab group and to the limited number of patients in the
bevacizumab group. The patients treated only with bevaci-
zumab had an 18.1% rate of IOP elevations greater than 5
mmHg. This proportion is higher than that reported in the

literature.”®* This difference could be due to the limited
number of patients in our bevacizumab group and the use of
repackaged bevacizumab. As in other reports, patients treat-
ed only with ranibizumab had a 6.8% rate of IOP elevations
greater than 5 mmHg.”3?? It has been suggested that because
bevacizumab (150 kDa) is approximately three times larg-
er than ranibizumab (48 kDa), bevacizumab may be more
likely to obstruct outflow channels.®*® Our report seems to
support this suggestion. We recommend that ranibizumab be
the first treatment choice for retinal vascular disorders and
AMD, especially in patients with POAG.

Our study’s most important limitation is its retrospective de-
sign. The number of patients treated only with bevacizumab
is also limited. Another weakness of this study format is the
lack of a control group.

Our report shows that after anti-VEGF injections, the final
IOP values were significantly higher than the baseline IOP
values, and 13 eyes of 154 (8.4%) had IOP elevations great-
er than 5 mmHg. These results are similar to those in the
literature. We also showed that patients with POAG tend to
develop sustained IOP elevations; hence, these patients must
be followed closely. Our study’s univariate analysis showed
that the number of injections had a significant effect on IOP
elevation (p=0.001); thus, clinicians must consider the in-
creased possibility of sustained IOP elevation in patients
with a history of multiple intravitreal anti-VEGF injections.
Because the rate of high IOP values was significantly greater
in the bevacizumab than in the ranibizumab group, we re-
commend that ranibizumab be the clinician’s first treatment
choice, especially in patients with POAG. There remains a
need for extensive prospective clinical studies comparing
the impacts of different anti-VEGF agents on 10OP.
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