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Purpose  To evaluate the short-term changes in intraocular pressure (IOP) after intravitreal injection of bevacizumab (IVB) 
in premature infants with retinopathy of prematurity (ROP).
Study design  Prospective cohort study.
Methods  Twenty-two eyes of 11 premature infants with ROP were evaluated. The control eyes were from adults who received 
an intravitreal injection of antivascular endothelial growth factor agent. The patients received a 0.025 mL (0.625 mg) IVB 
for the ROP. The IOP was measured with a rebound tonometer at baseline, immediately after the injection, and at 5, 10, 15, 
20, and 30 minutes after the injection. The clinical data were collected. The main outcome measures were the IOP values at 
baseline, immediately after the injection, and at 5, 10, 15, 20, and 30 minutes after the injection.
Results  The mean IOP values at baseline, immediately after the injection, and at 5, 10, 15, 20, and 30 minutes after the 
injection were 12.3 ± 3.0, 40.1 ± 10.7, 20.8 ± 5.1, 15.1 ± 4.8, 11.9 ± 3.2, 9.9 ± 2.6, and 8.8 ± 2.1 mmHg, respectively. 
The IOP was significantly higher at 5 minutes after the injection (P < .01); however, the pressure in all the eyes normalized 
(< 21 mmHg) within 15 minutes. None of the clinical parameters, including axial length, was correlated with a high IOP 
after IVB.
Conclusion  In premature infants with ROP, IVB is tolerable in terms of the short-term elevation in IOP, which returned to 
a safe range (< 21 mmHg) within 15 minutes of the injection in all the patients. Consecutive IOP measurement might not 
be necessary after IVB in premature infants with ROP.
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Introduction

Retinopathy of prematurity (ROP) due to immaturity of reti-
nal vascular proliferation is a potentially blinding condition 
and, with advances in perinatal care, has become a major 
cause of childhood blindness worldwide [1–4].

In recent years, intravitreal injection of bevacizumab 
(IVB) therapy has been reported as a useful option in addi-
tion to conventional laser treatment for preventing visual 
deterioration in premature infants with ROP [5–8]. However, 
contrary to the dramatic efficacy of IVB in premature infants 
with ROP, the complications associated with IVB for ROP 
have not been sufficiently evaluated. One of the complica-
tions of intravitreal injection of agents, including bevaci-
zumab, is the acute elevation of intraocular pressure (IOP) 
[9–18]. Previous reports revealed that the elevated IOP 
potentially causes optic nerve damage such as glaucoma; 
moreover, a small number of adult patients may need eye-
drop instillation following IVB treatment [10–12, 17, 18]. 
To the best of our knowledge, previously published studies 
have not assessed the short-term IOP transition after IVB in 
premature infants with ROP.

The purpose of this study was to evaluate the immediate 
and short-term IOP changes after IVB in premature infants 
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with ROP and to investigate the relationship between IOP 
elevation and the clinical parameters.

Patients and methods

This study was approved by the institutional review board 
of the University of Tsukuba Hospital and was conducted 
in adherence with the tenets of the Declaration of Helsinki. 
From September 2013 to March 2015, premature infants 
with a birth weight less than 1500 g or a gestational age 
younger than 35 weeks were screened for ROP in the neona-
tal intensive care unit of the University of Tsukuba Hospital 
by 2 ophthalmologists (Y.O., A.K.). The stage and severity 
of the ROP were classified in accordance with the Interna-
tional Classification of ROP (ICROP) [19, 20]. Threshold 
disease of ROP was defined in accordance with the criteria 
of the CRYO-ROP study [21]. Patients were excluded if they 
had a history of IVB (Avastin) or laser treatment for ROP, if 
they exhibited ocular disease that could affect the IOP and/
or ocular morphology, or if they exhibited gastrointestinal 
dysfunction. Conventional laser treatment was performed 
in patients with systemic illnesses, such as gastrointestinal 
bleeding and cerebral hemorrhage, who were considered 
high-risk for IVB. The indication for IVB treatment was 
the development of threshold ROP in the aforementioned 
premature infants. The off-label use of IVB as an alternative 
to laser treatment was explained to the parents.

This prospective study included 22 eyes of 11 patients (7 
male and 4 female) averaging 26.1 ± 2.7 gestational weeks 
(mean ± standard deviation) in age (range: 23–31 weeks). 
The demographic and clinical data were collected through 
chart review. We prepared the patients in a standard fash-
ion, draped and positioned supine for the procedure. The 
patients’ eyes were sterilized with a swab containing 
10% povidone-iodine solution. Intravitreal bevacizumab 
(0.625 mg/0.025 cc) was performed through the temporal 
or nasal pars plana at 1.0 mm using a 30-gauge needle; the 
needle was aimed directly towards the optic nerve in the 
direction of the visual axis. The needle was inserted approxi-
mately 5 mm into the globe before the injection was per-
formed. The IVB procedure was performed by 2 ophthal-
mologists (Y.O., A.K.). After the injection, a sterile cotton 
swab was placed on the injection site to prevent reflux of 
the medicine. All IVB therapy and IOP measurements were 
performed under general anesthesia by the neonatologist 
and using fentanyl citrate or midazolam. Intraocular pres-
sure measurement was performed at baseline, immediately 
after the injection, and at 5, 10, 15, 20, and 30 minutes after 
the injection using a rebound tonometer (Icare PRO; Icare 
Finland Oy). The Icare PRO has been found to be a reliable 
method and has shown good correlation with Goldmann 
applanation tonometry [22]. The IOP measurements were 

ceased within 30 minutes of the IOP becoming lower than 
the preinjection IOP in consideration of the patient’s sys-
temic burden. Topical antibiotic drugs were administered 
for 3 days after the IVB. The refractive value at 1 year of 
age was measured with a handheld autorefractor (Retinomax 
K-plus; Nikon).

For comparison of the short-term IOP changes after IVB, 
intravitreal injections were performed in adult controls from 
February 2014 to October 2015. The controls comprised 4 
patients with cystoid macular edema-induced branch retinal 
vein occlusion, 3 patients with age-related macular degen-
eration, and 2 patients with diabetic macular edema. All 
the controls were treatment-naïve and the exclusion crite-
ria included patients with ophthalmic disorders other than 
original diseases or previous history of ocular surgery. After 
their informed consent was obtained, the patients received 
an intravitreal injection of antivascular endothelial growth 
factor (VEGF) agent (1.25 mg/0.05 cc) without paracentesis. 
The anti-VEGF agents used in the adult control group were 
ranibizumab in 5 eyes and aflibercept in 4 eyes. The axial 
length was measured manually using A-scan ultrasonogra-
phy (AL-4000; Tomey).

The data were subjected to repeated-measures analysis of 
variance (ANOVA) to assess the time course of the changes. 
If significant differences were observed, the Dunnett test 
was performed. The data obtained from the eyes with ROP 
and the control eyes were also compared to evaluate any dif-
ferences. The t test was used to detect differences between 
the 2 groups. Correlations between the highest IOP value 
after IVB and birth weight, gestational age, postmenstrual 
age at treatment, duration of hospitalization from birth to 
treatment, axial length at treatment, and refractive value 
at 1 year of age were analyzed using the Spearman rank 
correlation. Probability values below .05 were considered 
significant for all the comparisons. All statistical analyses 
were performed using StatView statistical software (version 
5.0; SAS Institute).

Results

Table 1 summarizes the patients’ clinical characteristics and 
parameters. The IVB procedure was successfully performed 
in all eyes; no serious intraprocedural or postprocedural 
complications (eg, cataract, intravitreal hemorrhage, retinal 
detachment, and endophthalmitis) were observed. Macro-
scopically, continuous reflux from the injection site was not 
observed in any of the premature infant cases. No partici-
pants, including the patients with ROP and the adult con-
trols, had a systemic or critical disease after exposure to the 
antivascular endothelial growth factor (VEGF) agent during 
the study period. Additional IVB treatment was not needed 
in any of the patients with ROP; thus, IVB monotherapy in 
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this study could be used to successfully treat ROP until the 
retina was fully vascularized in the remaining eyes.

The baseline IOP before IVB in the premature infants 
with ROP was 12.3 ± 3.0 mmHg (range: 7.2–18.6). All the 
eyes had a baseline IOP of less than 20 mmHg. The average 
axial length in the premature infants with ROP was 17.01 
± 1.50 mm (range: 15.07–19.68), and 3 of the 11 patients 
(6 eyes) were excluded owing to inadequate accuracy. The 
highest mean IOP after IVB was 40.1 ± 10.7 mmHg (range: 
24.2–64.8), which was recorded immediately after the IVB 
in all the cases. Of the 22 eyes with ROP, 12 eyes of 9 
patients (54.5%) had an IOP greater than 40 mmHg, and 2 
eyes of 2 patients (9.0%) had an IOP greater than 60 mmHg. 
No correlation was found between the highest IOP after IVB 
and any clinical parameters including birth weight (P = .52), 
gestational age (P = .47), postmenstrual age at treatment (P 
= .32), duration of hospitalization from birth to treatment (P 
= .96), body weight at treatment (P = .86), refractive value 
at 1 year of age (P = .21), and axial length at treatment (P 
= .97; Fig. 1).

Table 2 shows the time course of changes in IOP after the 
intravitreal injection of anti-VEGF agent in the patients with 
ROP and the adult controls. The eyes with ROP showed a 
sharp and transient elevation in IOP after the IVB; both imme-
diately and 5 minutes after the IVB, the IOP was significantly 
higher than at baseline (P < .05, Dunnett test). No significant 
differences was found between the IOP at baseline and that 
after 10 minutes (ie, 10, 15, 20, and 30 minutes after the injec-
tion), and the IOP after 15 minutes (ie, 15, 20, and 30 minutes 
after the injection) tended to be lower than that at baseline (P > 

.05, Dunnett test). In the eyes with ROP, an IOP lower than the 
baseline measurement was observed in 10 of 21 eyes (47.6%) 
at 15 minutes, in 11 of 13 eyes (84.6%) at 20 minutes, and in 
8 of 10 eyes (80.0%) at 30 minutes. The changes in IOP in the 
adult control group after intravitreal injection of anti-VEGF 
followed a similar trend to those of the ROP eyes, including 
a significantly higher IOP both immediately and at 5 minutes 
after the injection, compared with baseline (P < .05, Dunnett 
test).

When the IOP measurements of the eyes with ROP were 
compared with those of the control eyes, a significant dif-
ference in IOP was found between the 2 groups at all time 
points, including at baseline (P < .05). Table 2 shows the time 
course of IOP deviation from baseline after injection of anti-
VEGF following adjustment of the baseline IOP between the 
2 groups. The IOP of the premature infants with ROP was 
significantly lower than that of the control group at 15, 20, 
and 30 minutes (P = .004, .001, and .005, respectively). How-
ever, no significant difference in IOP was found between the 
2 groups within the first 10 minutes (ie, immediately, 5, and 
10 minutes after the injection), and the deviation in IOP in the 
premature infants with ROP tended to be lower than that in the 
adult controls throughout the study period.

Discussion

Since the BEAT-ROP study was published, the effective-
ness of IVB in premature infants with ROP has been widely 
recognized [7]. However, the elevation in IOP associated 

Table 1   Clinical characteristics and ophthalmic parameters in patients undergoing intravitreal injection of bevacizumab for retinopathy of pre-
maturity

Values are presented as means ± standard deviations
IOP intraocular pressure, IVB intravitreal injection of bevacizumab

Patient no. Sex Birth weight, 
g

Gestational 
age, wk

Postmen-
strual age at 
treatment, wk

Duration of 
hospitaliza-
tion from 
birth to treat-
ment, d

Body weight 
at treatment, 
g

Axial length, 
mm (R/L)

Refractive 
value at 
1 year of age 
(R/L)

Highest IOP 
after IVB, 
mmHg (R/L)

1 Female 1123 31.1 38.4 51 2209 18.11/18.99 1.5/0.875 24.8/24.2
2 Male 837 29.7 43.1 94 2340 18.33/18.34 -1.75/-2.125 40.4/41.4
3 Male 809 25.6 35.6 70 2204 - -6.0/-4.125 64.8/48.3
4 Male 639 24.4 39 105 1693 19.68/18.65 -3.625/-4.0 34.9/42.0
5 Male 751 26.4 41.3 114 2780 16.80/16.76 -1.875/-1.625 32.3/40.3
6 Female 448 23.1 32.6 73 1003 - 0.625/-0.125 38.2/62.0
7 Male 517 23.1 34.1 78 1321 15.58/15.54 -5.5/-3.75 41.7/34.0
8 Male 499 28 37.2 65 1467 15.27/15.07 - 40.0/36.1
9 Male 740 26 38.5 90 2130 - 0.875/1.625 47.5/44.8

10 Female 672 24 40.3 115 1389 15.61/15.62 - 25.0/36.0
11 Female 982 29 29.1 75 2192 17.21/16.63 -3.25/-3.0 54.0/30.0

Average 729 ± 206 26.1 ± 2.7 38.2 ± 4.1 86 ± 21 1875 ± 541 17.01 ± 1.50 -1.96 ± 2.40 40.1 ± 10.7
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with IVB in premature infants with ROP was not clarified in 
the BEAT-ROP study. Therefore, the present study focused 
on the elevation of IOP as a complication following IVB in 
premature infants with ROP.

None of the patients with ROP in the present study 
required additional therapy after a single IVB, which was 
consistent with the positive results of the BEAT-ROP study 
(ie, the benefit of IVB monotherapy in premature infants 
with ROP was equivalent to or better than that of conven-
tional laser). No ocular complications occurred during 

the BEAT-ROP study, but some complications have been 
reported in association with IVB in premature infants with 
ROP [23]. Although the positive effect of IVB treatment for 
ROP is becoming clearer, careful follow-up of these patients 
is needed to determine whether the effectiveness of IVB 
outweighs the risk of future complications.

In the present study, both the ROP patients and the adult 
controls, who received IVB and intravitreal injection of anti-
VEGF agents, respectively, had a risk of short-term elevation 
in IOP. However, the elevation in IOP normalized rapidly 

Fig. 1   Relationship between 
axial length and the highest 
intraocular pressure after intra-
vitreal injection of bevacizumab 
for retinopathy of prematurity 
(16 eyes). IOP intraocular pres-
sure, IVB intravitreal injection 
of bevacizumab
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Table 2   Time course of 
changes in intraocular pressure 
after intravitreal injection of 
antivascular endothelial growth 
factor agents for retinopathy of 
prematurity and controls

Values are presented as means ± standard deviations
ROP retinopathy of prematurity, IOP intraocular pressure
*Significant difference in intraocular pressure from baseline (P < .05, Dunnett test)
† Significant difference in intraocular pressure between the ROP eyes and the control eyes (P < .05, t test)

IOP, mmHg Average deviation from baseline, 
mmHg

ROP (22 eyes) Control (9 eyes) P value ROP Control P value

Baseline 12.3 ± 3.0 16.5 ± 2.2 < .001† - - -
Immediately 40.1 ± 10.7* 50.2 ± 9.5* .02† 27.9 ± 10.2 33.7 ± 9.2 .15
5 minutes 20.8 ± 5.1* 29.3 ± 9.3* .002† 8.6 ± 4.6 12.8 ± 7.4 .06
10 minutes 15.1 ± 4.8 22.7 ± 6.4 .001† 2.9 ± 4.7 6.2 ± 4.6 .08
15 minutes 11.9 ± 3.2 21.2 ± 6.1 < .001† -0.5 ± 4.1 4.7 ± 4.5 .004†

20 minutes 9.9 ± 2.6 20.3 ± 4.6 < .001† -2.3 ± 2.2 3.2 ± 2.8 .001†

30 minutes 8.8 ± 2.1 17.7 ± 3.4 < .001† -2.1 ± 2.6 1.2 ± 3.2 .005†
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within 10 minutes in all the cases. These results suggest that 
consecutive IOP measurements are not necessary after IVB 
in premature infants with ROP. Patients with a history of 
glaucoma tend to have higher IOP after intravitreal injection 
than that of patients without glaucoma [10–12]. Because the 
long-term consequences of these transient events in prema-
ture infants with ROP are unknown, we should consider the 
possibility of sequelae.

The IOP in premature infants with ROP after IVB tended 
to be lower than the baseline IOP after 15 minutes and was 
significantly lower than that of the adult control group (P 
< .05). This might be because there was continuous reflux 
from the injection site after the needle was withdrawn. In 
the present study, we did not observe significant reflux from 
the injection site in any of the cases. However, it is possible 
that the fluid oozed very slowly from the injection site with-
out a conjunctival bleb. Further investigation is necessary to 
determine whether the trend of lower IOP after IVB extends 
beyond 30 minutes.

In the present study, short-term IOP elevation was a 
demonstrated complication after each intravitreal injec-
tion. Many studies have reported that the rise in IOP peaked 
immediately after the intravitreal injection and decreased 
gradually within 30 minutes. In the present study, the major-
ity (54.5%) of the patients who received IVB had an IOP 
greater than 40 mmHg, and 2 eyes (9.0%) had an IOP greater 
than 60 mmHg. Bui and colleagues [24] reported that an 
acute elevation in IOP of approximately 10 mmHg for 105 
minutes has the potential to cause permanent dysfunction 
of the electroretinogram (ERG) in animal models and that 
there is a “threshold” for permanent retinal functional loss 
at an IOP of less than 60 mmHg. Because all of the cases 
in the present study recovered to the original IOP within 30 
minutes, retinal damage is unlikely to have occurred. We did 
not investigate the systolic and diastolic blood pressures of 
the study candidates around the timing of the vitreous injec-
tion. Standard values of blood pressure in newborn infants 
differ according to the size and position of the cuff, as well 
as the physiological state of the infant; however, diastolic 
blood pressure in newborns is lower than the temporal rise 
of IOP, by as much as 60 mmHg [25]. Thus, it may induce 
retinal arterial occlusion. However, Hayreh and colleagues 
[26] reported that in old atherosclerotic hypertensive rhesus 
monkeys, no detectable damage occurred with 97 minutes of 
central retinal artery occlusion, whereas there was a variable 
degree of partial retinal recovery between 105 and 240 min-
utes, as indicated by the visual-evoked potential. Therefore, 
the elevation in IOP rapidly normalized within 10 minutes in 
all of the present cases; if retinal arterial occlusion occurred, 
retinal damage was undetectable.

To prevent increased IOP after intravitreal injection, 
preinjection paracentesis is an effective procedure in adult 
participants [27, 28]. However, the depth of the anterior 

chamber is smaller in a premature infant, and preinjection 
paracentesis has a greater potential to cause lens damage and 
subsequent amblyopia [29, 30]. Another possible method to 
prevent IOP elevation after intravitreal injection is to reduce 
the dose of the agents [31–33]. The elevation of IOP after 
intravitreal injection occurred in a dose-dependent manner. 
Low-dose IVB (0.25 mg/0.01 cc), or one-fifth of the stand-
ard dose, exhibited similar effectiveness for treatment of 
ROP to that of the standard dose IVB [32, 33]. These case 
series were limited by the small number of patients enrolled 
and uncertainty as to whether some premature infants might 
have been selected for laser treatment; nevertheless, they 
support the safety and effectiveness of a lower dose IVB 
for ROP.

In the present study, none of the parameters, including 
axial length, were correlated with a rise in IOP following 
IVB. In contrast, in the adult participants, the axial length 
was significantly correlated with IOP elevation after intra-
vitreal injection [16, 18]. This difference may be explained 
by ocular biometry. Scleral thickness increases up to 2 years 
of age; thereafter, the thickness is independent of age and 
decreases with longer axial length [34]. Thus, axial length 
might not be correlated with elevation in IOP after IVB in 
premature infants with ROP.

Mild myopic changes were observed in the refractive 
value of patients at 1 year of age in the present study, which 
supports the results of previous studies [35–38]. Chen and 
colleagues [39] reported a higher refractive error after IVB 
than after intravitreal injection of ranibizumab in premature 
infants with ROP; this higher refractive error might have 
been caused by the longer half-life and longer suppression 
of VEGF. Chen and colleagues [39] thus suggested that low-
ering the dose of IVB might reduce the myopic shift com-
monly seen after IVB in premature infants with ROP. How-
ever, the cause of myopic progression after IVB in premature 
infants with ROP remains unknown. We hypothesize that 
acute and transient elevation in IOP might affect the ocular 
structure, causing changes in the refractive value; however, 
in this study, elevation in IOP was not associated with the 
refractive value. The amount of bevacizumab given to the 
premature infants (0.625 mg/0.025 cc) differed from that 
given to the adult controls (1.5 mg/0.05 cc). The vitreous 
has a volume of approximately 4 mL in the adult eye, or 
approximately 80% of the volume of the entire eye [40]. In 
the present study, the average axial length in the premature 
patients with ROP was 17.01 ± 1.50 mm; the volume of the 
entire eye is 2.06 mL in these patients. Thus, the vitreous 
volume is half that of the controls for premature infants with 
ROP. The difference in the volume of drug is not likely to 
cause a problem.

A limitation of the present study is that the presence of 
subconjunctival reflux was checked using a handheld slit 
lamp device. Significant bleb formation due to reflux was 
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not identified in any of the cases. However, wound configu-
rations that are self-sealing in adults will often leak when 
used in children; moreover, children have thinner and less 
rigid sclera [41]. Thus, it is possible that the fluid oozed 
very slowly from the injection site. In the adult participants, 
reflux was noted in 48 of 152 eyes (31%), for which injection 
of anti-VEGF agents was given [42]. Further investigation 
is needed to evaluate the reflux rate after IVB in premature 
infants with ROP. Another potential study limitation is that 
measurement of the true highest IOP is impossible because 
of the delay before the start of IOP measurement after IVB. 
Conceivably, it might be possible that the true highest IOP 
is correlated with the clinical parameters in premature 
infants with ROP. The third potential study limitation is the 
accuracy of the IOP at higher levels (> 50 mmHg) with 
the iCare. Although the display range of the instrument is 
0 to 99 mmHg, the measurement range is 7 to 50 mmHg. 
We found no papers in the literature regarding the accu-
racy of IOP at higher levels (> 50 mmHg) with the instru-
ment. In the present study, 3 eyes of 3 patients had an IOP > 
50 mmHg; it is possible that these values may lack accuracy. 
The fourth potential study limitation is that anesthetics may 
increase or decrease the IOP to a variable degree. All IOP 
measurements in the premature infants with ROP were per-
formed under general anesthesia, using fentanyl citrate or 
midazolam. However, measurements in the adult controls 
were not performed under general anesthesia. Oberacher-
Velten and colleagues [43] concluded that the feasibility of 
IOP measurements under sedation with midazolam, and the 
insignificant impact of orally administered midazolam on 
IOP, may be of benefit for glaucoma management in young 
children. Sator-Katzenschlager and colleagues [44] reported 
that general anesthesia with fentanyl as an analgesic reduces 
IOP in patients undergoing nonophthalmic surgery. General 
anesthesia using fentanyl citrate might decrease the IOP in 
premature patients with ROP.

In conclusion, IVB in premature infants with ROP was 
tolerable with respect to the short-term elevation in IOP, as 
all the patients’ IOP returned to a safe range (< 21 mmHg) 
within 15 minutes. The systemic status of the patient at birth 
or at treatment, the axial length, and the refractive value at 
1 year of age were not correlated with elevation in IOP after 
IVB. Therefore, consecutive measurements of IOP might 
not be necessary after IVB in premature infants with ROP.
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