Kurt and Altindal BMC Ophthalmology ~ (2025) 25:215 BMC Ophtha | mo|ogy
https://doi.org/10.1186/s12886-025-04045-4

Check for
updates

The relationship between pain intensity

and anxiety, injection speed, and intraocular
pressure changes during intravitreal anti-
vascular endothelial growth factor injection:
the observational pilot study

Ali Kurt"® and Emin Utku Altindal®

Abstract

Purpose To evaluate the relationship between the pain severity and the injection speed, anxiety, and intraocular
pressure changes during the intravitreal injection (IVI) of anti-vascular endothelial growth factor (anti-VEGF) agents.

Methods The 84 eyes were prospectively registered in the study. The severity of the pain was evaluated with the
visual analogue scale (VAS). The severity of the anxiety was measured with the Beck Anxiety Inventory. All patients
were naive to IVI. Bevacizumab or Ranibizumab 0.05 mL was administered intravitreally. The intraocular pressure (IOP)
was measured before and after the procedure.

Results Correlation analyses were performed between VAS and the injection speed, the IOP difference, and anxiety.
There was a negative significant correlation between injection speed and VAS (p=0.024 r=-246). There was a positive
significant correlation between the IOP difference and VAS (p=0.001, r=0.365). In addition, there was strong positive
correlation between the anxiety level and VAS (p°0.001 r=0.77). Linear stepwise regression analysis was used to
determine which of these three independent variables (VAS, IOP difference, Anxiety) influenced pain the most,

and Anxiety and IOP difference were found to affect the dependent variable of VAS more. There was no significant
difference between the IOP difference (p>0.05) and anxiety scale values (p>0.05) between the two anti-VEGF agents
while there was statistically significantly more pain felt during the Bevacizumab VI (p=0.005).

Conclusions The parameter with the most influence on pain severity was anxiety in this study, followed by the
postop-preop IOP difference. There was also a significant negative correlation between injection speed and VAS.

Keywords Anti-vascular endothelial growth factor, Intravitreal injection, Pain, Anxiety, Visual analogue scale, Injection
speed
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Introduction

Treatment protocols for anti-vascular endothelial growth
factor (Anti-VEGF) agents include intravitreal injections
(IVIs) with a volume of 50 pL administered monthly,
using a small caliber needle and usually without per-
forming paracentesis [1]. However, different doses may
be required according to the treated disease together
with different injection intervals according to the treat-
ment regimes [2]. It is very important to ensure a favor-
able first experience for patients undergoing intravitreal
injections. The possibility of the patient refusing further
treatment increases if the first injection is traumatic. A
positive experience may increase the visual improve-
ment potential by encouraging the patients to continue
the injections. In addition, adequate information should
be provided after the first injection about the procedure’s
risks and benefits and the steps after the injection, using
words and concepts that the patient and/or relative can
understand [3].The most common symptom during IVI
is pain of variable intensity, as seen in a fourth of the
patients [1]. Various strategies have been tried in many
studies to alleviate the pain, considering that it would
increase the patient’s comfort and compliance with
treatment. It has been postulated that the entry of the
needle is the most uncomfortable step during IVI. This
has resulted in the anesthesia method and the diameter
of the used needle being the most commonly evaluated
factors to decrease the pain. The IVI quadrant and tech-
nique and the environmental and psychological factors
have also been evaluated [4-6]. However, there is no
study that has evaluated the relationship between the
pain occurring during IVI and several clinical parameters
together. The primary objective of our study was to deter-
mine whether the intravitreal injection speed and the
pain severity are associated. The secondary objection was
to evaluate whether the pain development was influenced
by the intraocular pressure difference, anxiety, and drug
selection.

Methods

Study design and subjects

This prospective observational pilot study was con-
ducted between 11 August 2021 and 29 November 2021
and included the 84 eyes of 84 patients. The study was
approved by the institutional Ethics Committee and com-
plied with the Helsinki Declaration principles. The study
was conducted at the Alanya Alaaddin Keykubat Univer-
sity Education and Research Hospital. A complete ocular
examination including the best-corrected visual acuity,
slit lamp examination of the anterior segment, and IOP
measurement with the Goldmann Applanation Tonom-
eter was performed in all patients. Patient age, gender,
indication for therapy, laterality, lens status, type of anti-
VEGF used, and the injection eye were the demographic
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and clinical data analyzed. All patients provided written
informed consent once the procedure, potential risks,
and benefits were explained. The same surgeon (EUA)
performed all the injections.

Inclusion criteria

The presence of an IVI injection indication, and the abil-
ity to score and report perceived pain and anxiety were
conditions of taking part in the trial. The patients had not
received any injections before registration.

Exclusion criteria

These were illiterate people, those with severe cognitive
pathologies who cannot understand instructions; those
whose native language is not Turkish, ocular pain prior to
the procedure, a preoperative IOP >20 mmHg, punctate
epitheliopathy that would affect post-IVI IOP measure-
ment, previous ocular surgery other than cataract extrac-
tion with posterior chamber intraocular lens, a history of
Nd: Yag laser posterior capsulotomy, use of IOP lowering
drugs, the pseudoexfoliation syndrome, any corneal dis-
ease that might interfere with tonometry, IVI contraindi-
cations such as active ocular infection or inflammation,
diabetic patients with known peripheral neuropathy,
known trigeminal neuralgia, development of vitreous
reflux after IVI, and having used any systemic or topical
NSAID or sedative medication on the day of injection
and within the previous 7 days.

The intravitreal injection procedure

Following the cleaning of the periocular skin, eyelid
margins and eyelashes with 10% povidone iodine, 5%
povidone iodine was administered into the conjunctival
cul-de-sacs 3 min before the injection. Topical anesthe-
sia consisting of 3 drops of Alcaine 0.5% (Proparacaine
hydrochloride ophthalmic solution; Alcon, Fort Worth,
TX, USA) was then administered one minute before the
injection. After placing a sterile lid speculum, the supe-
rotemporal quadrant was used to perform the injection.
The needle entry site was at a distance of 3.5 mm from
the limbus in pseudophakic patients while 4.0 mm was
used in phakic patients. The IVI technique was similar
to that described in the Ozkaya et al. [7] studies where
a scleral tunnel technique that decreased vitreus reflux
was used. Ranibizumab (Lucentis®; Genentech Inc, South
San Francisco, California, USA) or Bevacizumab (Avas-
tin®°, Genentech, San Francisco, CA, USA) at a volume
of 0.05 mL was injected using a 30-gauge % inch needle
(Becton Dickinson & Co., Franklin Lakes, NJ, USA, Pre-
cision Glide No: 305106). A cotton tip was placed over
the sclera for 5 s immediately after needle removal for
all injections. The cotton tip was then removed, and the
incision site observed regarding reflux under the opera-
tion microscope. The injection was determined to be
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Fig. 1 Visual analogue scale

reflux positive if any subconjunctival bleb was observed.
An ophthalmic solution of moxifloxacin was adminis-
tered 5 times a day for 1 week following the procedure.
The procedure was performed between 9 AM and 10
AM. The IOP was measured and recorded 30 min before
and 30 min after the IVIL.

A visual analogue scale (VAS) was used to score the
severity of the patient’s perceived pain between 1 and 10
[8-9] (Fig. 1). The patients were told how to evaluate the
pain with VAS following the injection.

The Beck Anxiety Inventory (BAI) was the used to mea-
sure the severity of anxiety. The BAI has 21 items, each
rated from O to 3) assessing the various physical and cog-
nitive symptoms of anxiety that have been experienced in
the past week. The total score is between 0 and 63, and
higher scores indicate a higher level of anxiety [10]. The
BAI was explained before the IVI procedure. Patient BAI
results were recorded.

Statistical analysis

Sample size analyses were performed via the G Power
3.1 software. It was estimated that a sample size of 84
patients would have >90% confidence (two-tailed alpha
level 0.05). Exact-Correlation: The bivariate normal
model was used. Power (1- B) was 0.80, and effect size
0.30 (Lower critical r=-0.215, upper critical r=0.215).

Statistical analyses were performed via the SPSS 23
software (SPSS, Inc., Chicago, IL, USA).

The Kolmogorov-Smirnov test was used to evaluate
whether the data conformed to a normal distribution.
Parametric tests were employed for data conforming to a
normal distribution and nonparametric analysis methods
for other data. Linear stepwise regression analysis was
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Table 1 Demographic and ocular profile, and the VAS and
anxiety scores

p
Gender (M/F) 44(52.4%) / 40 (47.6%)

Right/Left 42(50%) / 42(50%)

Age (years) 63.37+10.22(44-80)

Pre-IVI IOP (mmHg) 15.54+2.75 (9-19) >0.001
Post-IVI 30 min IOP (mmHg) 22.81+5.33(12-39)

Postop-preop IOP difference  7.26+4.38 (1-21)

(mmHg)

Anxiety Score 8.95+5.28 (2-26)

VAS 3.25+1.60 (1-8)
Phakic/Pseudophakic 59(70.2%) / 25(29.8%)
AMD/RVO/DME 28(33.3%)/11(13.19%)/45(53.6%)
Ranibizumalb/Bevacizumab 35(41.7%) / 49(58.3%)

IVI: Intravitreal injection, IOP: Intraocular pressure, VAS: Visual Analogue Scale,
AMD: Age-related macular degeneration, RVO: Retinal vein occlusion, DME:
Diabetic macular edema

used for data that were shown to be linked during cor-
relation analysis and a Multiple Regression model was
created.

Results

The 84 eyes of 84 patients were included in the study. The
demographic and ocular data of these patients have been
presented in Table 1 together with the VAS and anxiety
scores.

Correlation analyses between the VAS results and the
injection speed, IOP difference, and anxiety. A significant
correlation was detected between VAS and all 3 variables
(Table 2).

Linear stepwise regression analysis was performed to
determine which of these 3 independent variables (VAS,
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Table 2 Result of correlation analysis between VAS and the
injection speed, IOP difference and anxiety

VAS
Anxiety r=0.77 p<0.001
Postop-preop IOP difference r=0.365 p=0.001

Injection rate

VAS: Visual Analogue Scale, IOP: Intraocular pressure

r=-0.246 p=0.024

Table 3 The injection rate, VAS, IOP difference and anxiety score
distribution of the two anti-VEGF agents, with P values

Ranibizumab Bevacizumab p
(N=35(41.7%) (N=49(58.3%)
Injection rate (sec) 2.09+0.32(1.45- 1.93+040(1.07- 0.066
247) 249)
VAS 263+1.11(1-5) 3.69+1.75 (1-8) 0.005
Anxiety Score 7.54+3.95(2-16) 9.96+5.89(1-26) 0.063
Postop-preop IOP dif-  7.23+4.91(2-21) 729+402(1-21) 0526

ference (mmHg)

VAS: Visual Analogue Scale, IOP: Intraocular pressure

IOP difference, Anxiety Scale) influenced the pain the
most. The independent variables that most influenced
the VAS dependent variable were found to be anxiety and
IOP difference. However, these two variables explained
the VAS change at a rate of 63.5% (F(2.81)=73.257
p<0.001) Multiple Regression model; VAS =0.834 + Anx-
iety*0.227 + IOP difference*0.053. The p value was <0.001
for anxiety and 0.036 for IOP difference.

The presence of absence of a difference regarding
VAS for the IVI of the two anti-VEGF agents was also
evaluated. There was no significant difference for pres-
sure change (p>0.05) and anxiety scale (p>0.05) values
between the two anti-VEGF agents but Bevacizumab
IVI caused significantly more perceived pain (p=0.005)
(Table 3).

Discussion

The number of IVI applications of anti-vascular endo-
thelial growth factor agents have gradually increased to
make it the most common method of treatment after
cataract surgery in many ophthalmic centers. Despite
the reputation of the IVI procedure for a low number of
complications, the large recurrence rate of the relevant
condition and the short half-life of the drug makes it
necessary to use multiple treatments in general [1]. The
patients also describe various degrees of “pain” during
the procedure. Pain is defined as “an unpleasant sensory
or emotional experience associated with real or poten-
tial tissue damage or similar” by the International Pain
Studies Association. The “sensory and emotional expe-
rience” phrase in this description indicates that pain is
complex and may be associated with many factors [11].
In this context, the pain measurements in the studies are
expected to be associated with various factors that are
not related (such as anxiety) to the injection procedure
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factors (such as anesthetic agent and techniques, needle
diameter) [4]. Various studies have been conducted to
ensure an IVI procedure that is as painless as possible,
taking all these into account [4, 5, 12, 13]. However, we
did not come across a study that evaluated the severity
of the pain together with the injection speed, anxiety and
IOP change during IVI in the literature.

The sudden increase in IOP following an intravitreal
injection, although temporary, has been reported to
be associated with pain in the literature. The mean IOP
within the one minute after IVI has been found to be
41-50 mm Hg [14-16]. A meta-analysis of 46 articles
(2872 eyes) has found the mean difference between the
post-anti-VEGF injection and pre-injection state to be
23.41 mmHg right after the injection and 2.51 mmHg
30 min later [17]. Another study has found the IOP differ-
ence at 30 min to be 9.5 mmHg [14]. The VAS result had
a negative correlation with the IVI speed in our obser-
vational study, indicating that the VAS result increased
as the IVI duration of the anti-VEGF agent decreased
in general. An ex vivo study in pig eyes has shown that
the IOP increase will show a direct relationship with the
injection speed increase. Although the injection volume
was 0.05 mL in this study, the pressure increase dur-
ing the injection was significantly larger in the faster
injection group than the slower injection group (IOP
increase with 0.05, 0.02 and 0.01 mL/sec was 16.65+ 5.0,
13.79+1.5 and 11.78 + 1.7 mmHg, respectively) [18]. This
result demonstrates that rapid injection could increase
the pain severity due to the sudden IOP increase. We
found a statistically significant increase in the IOP after
the injection of either anti-VEGF agent when compared
to the preoperative IOP.

In addition, we found that the VAS results showed a
positive correlation with anxiety in this study. Follow-
ing the correlation analyses, regression analysis was
performed to show which clinical parameter was most
associated with the pain. Although a significant corre-
lation was found between the injection speed and pain,
the factors found to be most associated with the pain on
regression analysis (63.5%) were IOP difference and anxi-
ety, with anxiety taking first place. Anxiety is a common
response to many factors during IVI such as whether the
patient is awake and conscious, the suspicion regarding
whether there will be a response to treatment, the fear of
going blind, the sounds and lights of the operating the-
ater, the sensation of being touched by the surgeon, and
the sound level in the operating theater, etc. Studies have
shown that many factors can influence the anxiety level
and that this in turn can modify the perception of pain
[19, 20]. Many studies have shown a direct relationship
between preoperative anxiety and pain perceived dur-
ing IVIL. For example, patients with higher anxiety levels
have reported high pain scores during the IVI procedure
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compared to patients with lower anxiety levels. This rela-
tionship shows that anxiety not only affects the emotional
response to pain but can also increase the sensitivity to
painful stimuli [1, 13, 20].

Evaluation of whether the pain severity was different
following the IVI of the two anti-VEGF agents revealed
a significant difference between the two agents regarding
the pain while there was no difference related to the other
clinical parameters. The pain scores were higher with
Bevacizumab injection. The reason could be the higher
pre-IVI anxiety scores of the patients receiving a Bevaci-
zumab injection, which could increase the pain severity.
Some studies have reported that the pain perceived dur-
ing the IVI procedure is higher with Bevacizumab than
with Ranibizumab. The reason has been though to be
the different diameters of the needles used for injection,
although the volumes of the effective substance used
in the studies was the same, and the different composi-
tion and pH values of the drug solutions leaking into the
subconjunctival area [21, 22]. Ranibizumab and Beva-
cizumab were administered with needles of the same
caliber in the current study, and patients with reflux fol-
lowing the injection were excluded.

Our study has some limitations in addition to those
specified above. The first one is that the axial length of
the eyes was not considered. However, axial length has
been reported not to be a significant factor regarding the
IOP increase following IVI [23]. In addition, the preoper-
ative waiting duration, the level of light and sound in the
injection room, personal characteristics or psychosocial
factors could also influence the results [14] and have not
been considered in this study.

In conclusion, we found a significant negative cor-
relation between the injection speed and pain score. In
addition, anxiety was found to be the most influential
parameter on the pain score, followed by the postop-
preop IOP difference. It may therefore be beneficial to
first evaluate and take precautions to decrease the anxi-
ety associated with intravitreal injections.
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