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Abstract

e AIM: To evaluate prospectively immediate intraocular

pressure (IOP) changes after the intravitreal injection of
ranibizumab, 2 and 4mg triamcinolone acetonide.

e METHODS: Patients who underwent intravitreal injection of

0.1mL (4mg) triamcinolone acetonide (TA, Group T4),
0.05mL (2mg) TA (Group T2) and 0.05mL (0.5mg)
ranibizumab (Group R) comprised the study population.
Overall, 229 eyes of 205 patients were injected. Fifty-four
eyes (23.6%) were in Group T4, 69 eyes (30.1%) in Group
T2 and 106 eyes (46.3%) in Group R. If IOP was less than
26mmHg immediately after the injection no further
measurement was performed. If IOP was = 26mmHg, IOP
was remeasured till the reading was below 26mmHg at 5, 15
and 30 minutes.

e RESULTS: Immediately after the injection, the IOP of 28

eyes (51.9%) in Group T4, 22 eyes (31.9%) in Group T2 and
51 eyes (48.1%) in Group R were over 25mmHg. At 30
minutes, IOP of one eye (1.9%) in group T4, two eyes
(2.9%) in group T2 and two eyes (1.9 %) in Group R were
over 25mmHg. Immediate post-injection IOP was significantly
higher in Group T4 and Group R when compared to Group T2
(#£<0.001 and £<0.001, respectively). IOP was significantly
higher in eyes without vitreous reflux when compared to
those with vitreous reflux in all groups ( #<0.001).

e CONCLUSION: IOP may remarkably increase immediately
after the intravitreal injection of 2 or 4mg triamcinolone
acetonide, and 0.5mg ranibizumab. Absence of vitreous reflux
is the most important predicting factor for immediate IOP rise
after the injection.
e KEYWORDS: anti-VEGF agents; glaucoma; intraocular
pressure; intravitreal injection; steroids
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INTRODUCTION
I ntravitreal injection therapy is getting more and more
popular nowadays. Triamcinolone acetonide (TA) and
various anti-VEGF agents are the most commonly employed
drugs . Perhaps, the most known side-effect of intravitreal
injection therapy is the delayed intraocular pressure (IOP)
elevation noted particularly after the TA injection. Though
the most preferred TA dose is 4mg (0.1mL), 2mg (0.05mL)
is also used by many to lessen the steroid side effects ™.
Delayed pressure rise after TA injection is studied
extensively 7, but immediate pressure rise occurring after
any type of drug injection is relatively less studied ®'. We
believe that factors affecting the immediate pressure rise
after any injection has to be elucidated and thereby
investigated the effect of 0.1mL (4mg) TA, 0.05SmL (2mg)
TA and 0.05mL (0.5mg) ranibizumab on immediate IOP
prospectively.
MATERIALS AND METHODS
Materials Patients undergoing intravitreal injection of
0.lmL (4mg) or 0.05mL (2mg) triamcinolone acetonide
(Sinakort-A 40mg/mL, i.E. Ulagay, Istanbul, Turkey) and
0.05mL (0.5mg) ranibizumab (Lucentis 10mg/mL, Novartis,
Basel, Switzerland) were included in this prospective study.
The study followed the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of the Dokuz
Eylul University School of Medicine. All subjects underwent
a complete ophthalmic examination prior to injection
including slit-lamp biomicroscopy, applanation intraocular
pressure measurement, indirect ophthalmoscopy and/or
contact lens biomicroscopy, optical coherence tomography
and fundus fluorescein angiography (if necessary). Before
the injection, axial length measurements were obtained with
ultrasound biometry (OcuScan, Alcon, Fortworth, Texas,
USA). Mydriasis was achieved with phenylephrine 25g/L,
tropicamide 5g/L. and cyclopentolate 10g/L drops. All
injections were performed in the operating room under
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topical anesthesia. Periocular skin and eyelids were scrubbed
with 100g/L topical povidone-iodine. Povidone iodine
(50g/L) was instilled into the cul-de-sac 5 minutes prior to
injection. Sterile drape and eyelid speculum were used in
each case. The injections were performed by one of us (GA)
through the inferotemporal quadrant, either 3.5 or 4mm
posterior to the limbus, depending upon the lens status. We
used 26-gauge needles for TA and 30-gauge needles for
ranibizumab injections. After the intravitreal injection, a
sterile cotton applicator was applied over the injection site.
Presence or absence of vitreous reflux after the injection was
noted.

Methods IOP was measured with Perkins hand held
tonometer (Clement Clarke International, Harlow, England)
in sitting position just before and immediately after the
injection. Patients with baseline IOP>21mmHg were
excluded. However, glaucoma patients with well-controlled
IOP were not excluded from the study. The measurable
upper limit for Perkins tonometer was 52mmHg. We
considered the maximum measurement as 52mmHg. If IOP
was less than 26mmHg immediately after the injection no
further measurement was performed. If IOP was =26mmHg
just after the injection, IOP was remeasured till the reading
was below 26mmHg at 5, 15 and 30 minutes. If IOP was still
over 25mmHg at the 30 minute IOP was rechecked with
Goldmann applanation tonometry at the second postinjection
hour and patients with still high IOP were put on
antiglaucomatous medication.

Statistical Analysis Statistical analysis was performed with
SPSS15.0 software (SPSS, Inc, Chicago, IL). Paired and
unpaired 7 test, Wilcoxon test, Mann-Whitney // test,
one-way ANOVA test, Kaplan-Meier survival analysis were
used where appropriate. A multivariate logistic regression
analysis with enter selection was also carried out to
investigate factors associated with high IOP (>25mmHg)
immediately after injection. /2 <0.05 was regarded as
statistically significant.

RESULTS

A total of 229 injections in 229 eyes of 205 patients (105
male, 100 female) were evaluated in this prospective study.
Mean age was 65.4+11.5 (range, 25-88) years. The indication
for intravitreal injection was: exudative age-related macular
degeneration [100 patients (48.8%)], diabetic retinopathy
[78 patients (38% )], retinal vein occlusion [14 patients
(6.8%)], cystoid macular edema [6 patients (2.9%)], and
others [7 patients (3.4%)]. Of the 229 eyes, 54 (23.6%)
received 4mg TA (Group T4), 69 (30.1%), 2mg TA (Group
T2), and 106 (46.3%), 0.5mg ranibizumab (Group R). Mean
axial eye length of all study eyes was 22.9+1.1mm (range:
19.8-26.8mm). Of the 229 eyes 150 (65.5%) were phakic,

Table 1 Axial length, lens status and IOP  [mean+SD, n(%)]

Group T4 Group T2 Group R

Eyes 54(23.6) 69(30.1) 106(46.3)
Axial length (mm) 22.7+1.2 23.0+1.0 23.0+1.0
Lens status

Pseudophakic 44(81 5 11(15.9) 24(22.6)

Phakic 10(18.5) 58(84.1) 82(77.4)
IOP(mmHg)

Before injection 15.4x2.7 15.8£2.5 14.9£2.4

Just after injection 30.2+18.9°  18.9+13.6  28.0+14.6"
>25mmHg after injection

immediately 28(51.9)  22(31.9)  51(48.1)

at 5 min 21(38.9) 10(14.5) 27(25.5)

at 15 min 4(7.4) 2(2.9) 6(5.7)

at 30 min 1(1.9) 2(2.9) 2(1.9)

°P<0.001 vs Before injection :9p<0.001 vs Group T2, Group R

79 (34.5% ) pseudophakic. Mean axial length had no
difference in each group. However, the number of
pseudophakic eyes were significantly more in Group T4
compared to Group T2 and Group R. Immediate
post-injection IOP was significantly higher in Group T4 and
Group R when compared to Group T2 (2<0.001 and 2 <
0.001, respectively). There was no statistically significant
difference between the Group T4 and Group R (2 >0.05).
When preinjection and postinjection IOP was compared in
each group separately, IOP rise was significant in Group T4
and Group R (2 <0.001 and 2 <0.001, respectively) but not
in Group T2 (/2~>0.05, Table 1).

When all study eyes considered, IOP of 101 eyes (44.1%)
(39.3% ) were =30mmHg
immediately after the injection. IOP tends to drop rapidly
and only five eyes (2.2%) had IOP>25mmHg while three
eyes (1.3%) =30mmHg at the 30" minutes (Table 1). At the
second hour there was only a single eye still having IOP

were >25mmHg, 90 eyes

greater than 25mmHg. Most notably, this patient had
primary open-angle glaucoma.Figure 1 shows the cumulative
probability with time for IOP to lower under 26mmHg.
Overall, vitreous reflux was present in 149 eyes (65.1%).
Absence of vitreous reflux seems to be a major factor for
immediate IOP rise as IOP was significantly higher in eyes
without vitreous reflux when compared to those with
vitreous reflux for each subgroup (~<0.001, Table 2).

In the multivariate logistic regression analysis, we
investigated the association of the injected drug, vitreous
reflux, lens status and axial eye length with high immediate
postinjection IOP (IOP>25mmHg). Vitreous reflux was the
principal factor affecting the IOP rise immediately after the
injection (odds ratio=24.3, /~<0.001). Intravitreal 4mg TA
injection had a statistically significant effect on immediate

IOP rise when compared to 2mg TA (odds ratio=3.6, 2=
403
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Figure 1 Cumulative probability with time for IOP to return
to 25mmHg or less

Table 2 Vitreous reflux and its relationship to immediate IOP
rise (mean+SD)
Group T4  Group T2 Group R

VR n(%) 34(68.5) 56(81.2) 59(55.7)
IOP in eyes with VR just

After injection (mmHg)  21.4+16.1 14.8£10.9 19.7+11.3
IOP in eyes

Without VR just after 49.3+6.0° 36.8+9.1° 38.4+11.2°

injection (mmHg)

VR: vitreous reflux "P<0.001 vs with vitreous reflux

0.021). There was no difference between the ranibizumab
injection and 2mg TA (/2 =0.841). Lens status (phakic or
pseudophakic) and axial eye length were not found to be
significant factors in our model (/~=0.112 and /2~ =0.785,
(2.6% ) with
preexisting glaucoma, we could not analyzed the effect of

respectively). As there was only 6 eyes

glaucoma in this model. All six eyes with preexisting
glaucoma had an increase in IOP immediately after the
injection (29.0mmHg, 32.0mmHg, 40.0mmHg, 44.0mmHg,
44.0mmHg and 52.0mmHg). However, within 30 minutes
after the injection, all IOP levels returned to normal level
except one. No intraoperative complications related to
injection was observed. None of the eyes required anterior
chamber paracentesis.

DISCUSSION

Intravitreal injection of any drug may induce intraocular
volume increase and therefore IOP rise is a strong possibility
after any intravitreal drug injection. Although acute IOP
spike is mostly transient it still may have a negative effect on
ocular circulation as high IOP may compromise the optic

nerve head and/or central retinal artery blood flow and
404

hinder axonal transport. Eyes with prior glaucomatous optic
nerve damage may be even more susceptible to pressure
induced damage. In heavy daily routine IOP checks can not
be employed in most clinics immediately after any
intravitreal drug injection. We feel that it is meaningful to
compare the short-term IOP changes immediately after the
intravitreal injection of 2mg TA, 4mg TA and 0.5mg
ranibizumab and look for the risk factors. In our study, IOP
elevated immediately after the intravitreal injection in 44%
of eyes, but in most of the eyes IOP returned to its normal
level within 30 minutes of injection.

Numerous prospective studies investigated that the various
aspects of short-term IOP changes occurring immediately
after the intravitreal injection of TA and various anti-VEGF
agents. In this study, we demonstrated that if vitreous reflux
did not occur it was very likely that IOP would rise
immediately after any drug injection. Supporting our results
Benz era/ ™ found that eyes without vitreous reflux have a
tendency for IOP>25mmHg at 30 minutes after injection
when compared to eyes with vitreous reflux. Sharei ez 2/!"
also pointed out that eyes without a subconjunctival reflux
had a higher increase in IOP than those with any amount of
reflux.

We evaluated two different doses of TA in the present study
and to the best of our knowledge early IOP rise was not
compared previously. As anticipated, the risk of IOP
elevation was higher in eyes receiving 4mg TA when
compared to 2mg TA. This difference is logical as volume
of 2mg TA is 0.05mL in contrast to volume of 4mg (0.1mL)
TA. Shorter axial eye length may be a risk factor for
immediate IOP rise after the intravitreal injection. Eyes with
short axial length have smaller intraocular volume, thus even
the same volume may induce more IOP rise than those with
longer axial length. However, we did not show any effect of
axial length on IOP. Kotliar er 2/ "™ evaluated IOP changes
with Schistz tonometer immediately after the intravitreal
injection of 4mg (0.1mL) TA in 22 patients. All patients in
their study group had IOP>35mmHg immediately after the
injection. Interestingly, they observed vitreous reflux only in
one eye and all eyes but one underwent paracentesis to
overcome IOP rise. They also detected that eyes with shorter
axial eye length had higher IOP immediately after the
injection. Gismondi e7 2/ " assessed the effect of axial eye
length on IOP change immediately after the intravitreal
injection of ranibizumab in 54 eyes. They found that IOP
tends to be higher in eyes with short axial length.

Lens status may also affect the immediate IOP change after
intravitreal injection. It is well-known that after
phacoemulsification and IOL implantation anterior chamber
deepens, angle widens and as a consequence aqueous
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outflow increases!”. Thus, pseudophakic eyes are less prone
to develop IOP elevation after intravitreal injection when
compared to phakic eyes. In our study, we found that lens
status did not have any effect on immediate IOP after the
injection. Supporting our results, Gismondi ez 2/ ™ also
found no difference in IOP between phakic and

pseudophakic eyes after intravitreal injection of
ranibizumab. Kerimoglu ez 2/ ¥ evaluated IOP changes in
eyes receiving intravitreal 4mg TA without vitreous reflux.
Three

IOP>30mmHg. However, 38.6% of phakic patients and none

minutes after the injection, all eyes had
of the pseudophakic patients had IOP>30mmHg 10 minutes
after the injection. All of the study eyes had IOP<30mmHg
20 minutes after the injection. They concluded that in eyes
receiving intravitreal TA without vitreous reflux, IOP
returned to safe levels more quickly in pseudophakic eyes
than in phakic eyes.

Preexisting glaucoma may also be a risk factor for
immediate IOP rise after the injection. There are conflicting
results on this issue. In some studies "' it was showed that
glaucoma was a risk factor for IOP elevation. However in
some studies!*it was found that preexisting glaucoma was
not a risk factor. In our study, we could not analyzed this, as
there was only 6 eyes with the history of glaucoma. But
when we evaluated the IOP course in these eyes, we noted
that all of them had a significant IOP rise immediately after
the injection. However, within 30 minutes after injection,
IOP returned to normal level except one. In conclusion, IOP
can show remarkable increase immediately after the
intravitreal injection of 0.5mg ranibizumab, 4 and 2mg TA.
However, in most eyes it returns to its normal level within
30 minutes after the injection. 2mg TA induces less pressure
spike than 4mg TA due to smaller injected volume. Absence
of vitreous reflux at the injection site is the most important
predicting factor for immediate IOP rise after any injection.
Monitoring of postinjection IOP in every case may be time
consuming and not practical, but, it is advisable to check the
IOP when there no vitreous reflux is observed following any
injection.
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