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ABSTRACT

Aim: To evaluate the effect of intravitreal anti-vascular endothelial growth factor (anti-VEGF) 
agents on the development of sustained ocular hypertension (OHT) in patients with neovascular 
age-related macular degeneration (AMD). Methods: A retrospective study of patients with neo-
vascular AMD who received unilateral intravitreal anti-VEGF treatment was performed. Fellow 
non-injected eyes were used as controls. Initial intraocular pressure (IOP) was measured before 
WKH�¿UVW�LQMHFWLRQ�DQG�¿QDO�,23�ZDV�PHDVXUHG�����ZHHNV�DIWHU�WKH�ODVW�LQMHFWLRQ��(\HV�WKDW�UH-
TXLUHG�,23�ORZHULQJ�WUHDWPHQW�GXULQJ�IROORZ�XS�ZHUH�LGHQWL¿HG��Results: Seventy-two patients 
were eligible for the study. Sustained ocular hypertension (OHT) developed in 3 (4.2%) of the 
LQMHFWHG�H\HV�DQG�LQ����������RI�FRQWUROV��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�EH-
WZHHQ�¿QDO�,23�LQ�WKH�VWXG\�DQG�FRQWURO�JURXSV��,Q�WKH�VWXG\�JURXS��SDWLHQWV�ZKR�UHFHLYHG�!���
DQWL�9(*)�LQMHFWLRQV�VKRZHG�D�VLJQL¿FDQWO\�ODUJHU�YDULDWLRQ�RI�,23�GXULQJ�IROORZ�XS��S �������
Conclusion:�(\HV�UHFHLYLQJ�D�KLJKHU�QXPEHU�RI�LQMHFWLRQV�VXIIHU�D�VLJQL¿FDQWO\�ODUJHU�,23�YDULD-
tion than eyes treated with fewer injections, but larger studies are needed to conclude if treatment 
with intravitreal anti-VEGF agents increases the risk of developing sustained OHT.
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INTRODUCTION

Age-related macular degeneration (AMD) is the leading 
cause of irreversible blindness worldwide in people over 
65 of age. The use of intravitreal anti-vascular endothelial 
growth factor (VEGF) agents for treatment of exudative 
AMD has drastically changed the visual outcome of these 
patients. Anti-VEGF therapy is known to have a very good 
VDIHW\� SUR¿OH�ZKLFK�PDNHV� LW� VXLWDEOH� IRU� ORQJ� WUHDWPHQW�
periods1. However, concerns about anti-VEGF effect on 
intraocular pressure (IOP) have risen in the last few years. 
It is already known that there is a transient elevation in IOP 
immediately after any intravitreal injection, which norma-
lizes over minutes to hours2,3. Nevertheless, the long-term 

effect of multiple anti-VEGF injections remains contro-
versial4-6. In our study, we aimed to evaluate the effect of 
intravitreal anti-VEGF agents on the development of sus-
tained OHT in patients with AMD, and to correlate it with 
factors related to the patient and treatment characteristics.

 
MATERIAL AND METHODS

This was a retrospective case-control study of patients 
with neovascular AMD treated between August 2007 and 
September 2014 at a tertiary care center, São João Hospital 
Center, Porto, Portugal. This study respects the principles 
in Helsinki declaration and was approved by the ethics 
committee.
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Patients with AMD who received intravitreal anti-
-VEGF treatment in one eye during the study period and 
no current or previous intravitreal anti-VEGF treatment in 
the fellow eye were eligible for the study. The following 
exclusion criteria were considered: other causes of cho-
roidal neovascularization; history of glaucoma or ocular 
K\SHUWHQVLRQ�EHIRUH�WKH�¿UVW�DQWL�9(*)�LQMHFWLRQ��FXUUHQW�
RU� SUHYLRXV� LQWUD�RFXODU� LQÀDPPDWLRQ�� KLVWRU\� RI� SKR-
todynamic therapy; local or systemic steroid treatment; 
previous retina surgery or any ocular surgery (except for 
glaucoma) during follow-up in either eye. Patients’ records 
were reviewed to collect all relevant information.

Eyes treated with intravitreal anti-VEGF injections 
were included in the study group and fellow eyes were used 
as controls. Anti-VEGF therapy could include bevacizumab 
������PJ������PO���UDQLEL]XPDE������PJ������PO��RU�DÀLEHU-
cept (2 mg/ 0.05 ml). Intravitreal injections were performed 
in the operating room under topical anesthesia using a sharp 
���JDXJH�QHHGOH��$IWHU�WKH�LQMHFWLRQ��SDWLHQWV�UHFHLYHG�RÀR-
xacin eye drops 5 times daily for 5 days. No steroids were 
given. No eye received IOP-lowering medications or ante-
rior chamber paracentesis before or after intravitreal injec-
tion. It should be noted that, at our center, the pro re nata 
dosing regimen is used in the majority of patients. 

IOP was measured with Goldmann applanation tono-
PHWU\��,QLWLDO�,23�ZDV�PHDVXUHG�EHIRUH�WKH�¿UVW�LQMHFWLRQ�
DQG�¿QDO�,23�����ZHHNV�DIWHU�WKH�ODVW�LQMHFWLRQ��,I�SDWLHQWV�
needed IOP lowering therapy, the last IOP measurement 
ZLWKRXW� WUHDWPHQW� ZDV� FRQVLGHUHG� WKH� ¿QDO� ,23�� 2FXODU�
K\SHUWHQVLRQ�ZDV�GH¿QHG�DV�VXVWDLQHG�,23�!����PP+J��

:H�DOVR�HYDOXDWHG�WKH�LQÀXHQFH�RI�WKH�IROORZLQJ�IDFWRUV�RQ�
,23��QXPEHU�RI�LQMHFWLRQV��������������!�����LQWHUYDO�EHWZHHQ�
LQMHFWLRQV��������������!���GD\V���SKDNLF�VWDWXV�RI�WKH�SDWLHQW�
and presence of pseudoexfoliation syndrome (PEX). 

Statistical analysis was performed with SPSS 20.0. 

Results are presented as mean ± standard deviation and 
ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�LI�S��������

RESULTS 

��� SDWLHQWV� IXO¿OOHG� WKH� VHOHFWLRQ� FULWHULD� DQG� ZHUH�
included in the analysis. As mentioned previously, treated 
H\HV��Q ����ZHUH�LQFOXGHG�LQ�WKH�VWXG\�JURXS�DQG�XQLQMHF-
WHG� IHOORZ�H\HV� �Q ����ZHUH�XVHG� DV� FRQWUROV��7KH�PHDQ�
age of the study population was 76.6 ± 6.8 years (range 
57-90 years) and 58.3% were women. The mean follow-
-up period was 927.4 ± 646.6 days. 38.9% of patients were 
treated with bevacizumab only, 19.4% with ranibizumab 
only and 41.7% with multiple anti-VEGF agents (bevaci-
]XPDE��UDQLEL]XPDE�DQG�RU�DÀLEHUFHSW���7KH�PHDQ�QXPEHU�
of injections was 15.6 ± 12.4. PEX syndrome was present 
in 5.4% of injected eyes and in 4.1% of controls, and 29.7% 
of eyes in both groups were pseudophakic. 

,QLWLDO�DQG�¿QDO�,23�YDOXHV�LQ�WKH�WRWDO�VDPSOH��WKH�VWXG\�
group and the control group are presented in Table 1. Mean 
¿QDO�,23�ZDV�KLJKHU�WKDQ�PHDQ�LQLWLDO�,23�LQ�DOO�JURXSV��
EXW� WKH� GLIIHUHQFH� RQO\� UHDFKHG� VWDWLVWLFDO� VLJQL¿FDQFH� LQ�
WKH�WRWDO�VDPSOH��S ��������0HDQ�LQLWLDO�,23�YDOXHV�ZHUH�
VLPLODU� LQ� WKH� VWXG\�DQG�FRQWURO� JURXSV�ZKLOH�PHDQ�¿QDO�
IOP was slightly higher in the study group, but this diffe-
UHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��S �������

During follow-up, OHT developed in three of the injec-
ted eyes (4.2%) and in one of the controls (1.4%). The 
characteristics of these patients are shown in Table 2. In 
all patients who developed sustained OHT, IOP was con-
trolled with drops, except in one patient who also needed 
glaucoma surgery. This patient only developed OHT in the 
injected eye although he had PEX syndrome bilaterally.

Regarding the study group, Table 3 describes the 
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Table 1 | IOP values 

Total sample (n=144) Study group (n=72) Control group (n=72) Study vs. control group

Initial IOP 
(mean ± SD) 14.9 ± 2.6 14.9 ± 2.6 14.9 ± 2.7 Similar initial IOP 

�S �����

Final IOP
(mean ± SD) 15.6 ± 3.5 15.8 ± 3.8 15.4 ± 3.1

Slightly higher final IOP 
in the study group but 

not statistically signifi-
FDQW��S �����

Final vs. initial 
IOP

Final IOP significantly 
higher than initial IOP 

�S ������

Final IOP higher than 
initial IOP but not 

statistically significant 
�S �����

Final IOP higher than 
initial IOP but not 

statistically significant 
�S �����

IOP: intraocular pressure; SD: standard deviation.
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relationship between IOP variation and the number of 
LQMHFWLRQV�SHUIRUPHG��:KLOH�UHVXOWV�ZHUH�QRW�VLJQL¿FDQW�LQ�
the subgroups receiving a lower number of injections, we 
IRXQG�WKDW�,23�VLJQL¿FDQWO\�LQFUHDVHG�GXULQJ�IROORZ�XS�LQ�
the group receiving > 20 injections (mean IOP variation 
+2.20 with a 95% CI of +0.10 to +4.30). In comparison 
WR� WKRVH�ZKR� UHFHLYHG����� LQMHFWLRQV�� ,23�YDULDWLRQ�ZDV�
VLJQL¿FDQWO\� KLJKHU� �S ������� LQ� WKH� VXEJURXS� UHFHLYLQJ�
more injections. On the other hand, IOP variation did not 
VLJQL¿FDQWO\�FRUUHODWH�ZLWK�WKH�LQWHUYDO�EHWZHHQ�LQMHFWLRQV�
or with phakic status.  

DISCUSSION

,Q�RXU� VWXG\��ZH�GLG�QRW�¿QG�FRQFOXVLYH�HYLGHQFH� WKDW�
treatment with intravitreal anti-VEGF agents increases the 
risk of developing sustained OHT. There was no statistically 
VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� ¿QDO� ,23� LQ� WKH� VWXG\� DQG�
FRQWURO�JURXSV��:H�DOVR�GLG�QRW�¿QG�D�VWDWLVWLFDOO\�VLJQL¿-
FDQW� GLIIHUHQFH� EHWZHHQ�¿QDO� DQG� LQLWLDO� ,23� LQ� HLWKHU� WKH�
VWXG\�RU�WKH�FRQWURO�JURXS��2Q�WKH�RWKHU�KDQG��ZH�YHUL¿HG�
WKDW�¿QDO�,23�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�LQLWLDO�,23�LQ�WKH�
total study population, which is in agreement with the well-
-known fact that mean IOP increases with age4.

6XVWDLQHG� 2+7� GHYHORSHG� LQ� ����� �Q ��� RI� LQMHF-
ted eyes, which is consistent with previous reports7-9. In 

FRQWUDVW��VXVWDLQHG�2+7�ZDV�REVHUYHG�LQ�RQO\�������Q ���RI�
fellow non-injected eyes. Despite this apparent difference, 
the number of eyes that developed this outcome is too small 
WR�GUDZ�DQ\�GH¿QLWLYH�FRQFOXVLRQV�

When we analyzed the results obtained in the study group 
DFFRUGLQJ�WR�WKH�QXPEHU�RI�LQMHFWLRQV�UHFHLYHG��ZH�YHUL¿HG�
WKDW� ,23�YDULDWLRQ�ZDV�VLJQL¿FDQWO\� ODUJHU� LQ�SDWLHQWV�ZKR�
received a higher number of injections. This suggests that, 
after multiple injections, intravitreal anti-VEGF agents 
may in fact lead to a sustained increase in IOP and even to 
the development of sustained OHT in a subset of patients. 
However, these results must be interpreted with caution, 
as in general patients who received more injections were 
followed up for a longer period of time and, thus, this corre-
lation may once again be attributable to aging and not to the 
effect of anti-VEGF agents. 

All patients that developed OHT had controlled IOP with 
medical therapy, except one that also required glaucoma 
surgery. Previous reports13,14 have shown that sustained IOP 
after repeated intravitreal injections might need surgical pro-
cedures besides drops. 

Several authors have reported the development of sustai-
ned increased IOP in a subset of patients receiving anti-VEGF 
therapy for neovascular AMD7-11. Pathophysiological mecha-
nisms responsible for this potential adverse effect remain elu-
sive but may include: traumatic trabecular meshwork injury 
caused by the repeated expansion of the eye’s volume after 
LQMHFWLRQV��DQG�EORFNDGH�RI�DTXHRXV�KXPRU�RXWÀRZ�YLD� WKH�
trabecular meshwork secondary to anti-VEGF biological 
effects or protein aggregates and contaminant particles6. 
However, none of the studies published until now conclu-
sively establishes a causal relationship between anti-VEGF 
therapy and a sustained rise in IOP, as these studies are case 
series or retrospective reviews with a relatively small sample 
size and many of them lack a proper control group4.

In our study, only patients who received intravitreal anti-
-VEGF treatment in one eye during the study period and 
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Table 2 | Characteristics of patients who developed sustainned OHT. 

Patient Sex Age at 1st

injection
Number of
injections

Interval from 1st 
injection until final 
IOP measurement

Inicial 
IOP

(mmHg)

Final 
IOP

(mmHg)

IOP 
Management Cause PEX

Syndrome

1 F 79 29
0

4 years
6 months

12
12

23
19

Drops
- OHT -

-

2 M 76 12
0

1 years
5 months

18
18

30
18

Drops + SLT
- OHT Yes

Yes

3 M 70 12
0

3 years
0 months

18
18

24
21

Drops
Drops OHT -

-

4 M 75 4
0

0 years
10 months

14
14

20
22

Drops
Drops OHT Yes

-

Table 3 | Relationship between IOP variation and number 
of injections 

Number of 
injections

Mean IOP 
variation (final-

initial)

95% Confidence 
interval

1-10 +0.21 -0.80 to +1.23
11-20 -0.29 -3.05 to +2.47
>20 +2.20 +0.10 to +4.30

IOP: intraocular pressure
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no current or previous intravitreal anti-VEGF treatment in 
the fellow eye were eligible. This way, we were able to use 
non-injected fellow eyes as controls, ensuring an adequately 
matched control group. On the other hand, it should be noted 
that non-injected eyes may not be true controls as they may 
also suffer the effects of the anti-VEGF agent injected in 
the fellow eye and subsequently absorbed into the systemic 
circulation12. This may have led to an underestimation of the 
differences between the study and control groups and of the 
long-term effect of anti-VEGF intravitreal therapy on IOP.

Reviewed patients were followed-up on average for 
a long period of time. On the other hand, as other studies 
published until now, ours is also retrospective in nature, and 
thus it is susceptible to selection bias. 

Although eyes receiving >20 anti-VEGF injections 
VXIIHU�D�VLJQL¿FDQWO\�ODUJHU�,23�YDULDWLRQ�WKDQ�H\HV�WUHDWHG�
ZLWK�IHZHU�LQMHFWLRQV��ZH�GLG�QRW�¿QG�FRQFOXVLYH�HYLGHQFH�
that treatment with intravitreal anti-VEGF agents increases 
the risk of developing sustained OHT.

In the future, prospective studies with an appropriate con-
trol group and a large sample size are needed to further clarify 
the long-term effect of anti-VEGF therapy on IOP in patients 
with neovascular AMD. Until then, physicians involved 
in AMD management should be aware that sustained IOP 
increase is a possible adverse effect of anti-VEGF agents. If 
this proves to be true, it seems to be a relatively infrequent 
effect, but it still may have a serious impact by increasing 
RFXODU�PRUELGLW\�LQ�SDWLHQWV�DOUHDG\�DIÀLFWHG�E\�$0'��
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