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o PURPOSE: To determine the long-term cognitive out-
comes in children who underwent intravitreal beva-
cizumab (IVB) for retinopathy of prematurity (ROP).

* DESIGN: Prospective cohort study.

e METHODS: This single-center study enrolled 186 chil-
dren between 3 and 6 years of age and included 101
children in the final analysis: premature without ROP
(group 1), ROP not needing treatment (group 2), IVB
monotherapy (group 3), IVB plus laser therapy (group
4), and laser monotherapy (group 5). The Full-Scale In-
telligence Quotient (FSIQ) was evaluated by the Wech-
sler Preschool and Primary Scale of Intelligence Test at
baseline and then annually for 1-2 years and compared
among groups.

e RESULTS: The age at cognitive evaluation was 4.5-4.9
years at baseline and 6.1-7.0 years at the last follow-up.
The FSIQ was comparable among the groups at both time
points (P = .08 and .50, respectively). Severe cognitive
impairment (FSIQ < 70) was more common in group 4
at baseline (4%, 22%, 13%, 33%, and 0% in groups 1-
5, respectively; P = .03) but did not differ among the
groups at the last follow-up (6%, 0%, 4%, 22%, and 0%;
P = .22). After adjusting for sex, Apgar score, neonatal
adverse events, and days on mechanical ventilation, [IVB
was not associated with FSIQ either at baseline or at the
last follow-up.

* CONCLUSIONS: At 4.5 to beyond 6 years of age, chil-
dren who underwent IVB monotherapy had comparable
cognitive outcomes compared to the other premature chil-
dren without prior IVB. Children who underwent IVB
plus laser showed higher severe cognitive impairment at
4.5 years of age.  (Am J Ophthalmol 2022;234: 59-70.
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ETINOPATHY OF PREMATURITY (ROP) 15 A
Rpreventable blinding disease in preterm children

worldwide, and the rate of ROP needing treat-
ment is increasing.’” Vascular endothelial growth factor
(VEGEF), a critical factor affecting the progression of ROP,
is a therapeutic target.” Since the 1990s, laser ablation of
the peripheral avascular retina to decrease the production
of VEGF has been the gold standard treatment for severe
ROP*

In 2011, the Bevacizumab Eliminates the Angiogenic
Threat for Retinopathy of Prematurity Study reported the
efficacy of treating severe ROP with intravitreal injection
of bevacizumab (IVB), an anti-VEGF agent, and demon-
strated comparable results to conventional laser treatment
for zone Il disease and an additional benefit for zone I
disease.” Treating ROP with bevacizumab was also asso-
ciated with fewer refractive errors, better foveal develop-
ment, and potentially less constricted visual fields.””” Be-
cause of these advantages and the ease of performing the
injections, bevacizumab treatment has gained popularity in
recent decades.”

However, IVB is associated with systemic risks. Although
medication was injected into the vitreous cavity, evidence
has shown that it can spread into the systemic circulation,
leading to systemic VEGF suppression for up to 8 weeks.”>'°
VEGEF is important for organogenesis and neurodevelop-
ment up to the third trimester of pregnancy, which is usually
the time at which children with ROP receive anti-VEGF
treatment.' !> Thus, whether the systemic suppression of
VEGEF affects neurodevelopmental outcomes in these I[VB-
treated children is a matter of concern.’

The current evidence regarding the influence of anti-
VEGEF agents on neurodevelopmental outcomes is inconsis-
tent and has limitations."” The Bayley Scales of Infant and
Toddler Development, Third Edition (Bayley-III), which
is the assessment used in most studies, is an overly opti-
mistic tool, especially for poorly performing children.'# !>
Moreover, most neurodevelopmental assessments were per-
formed before 2 years of age, with the only 5-year report
limited by its small sample size and single-arm design.®?+!¢
Notably, neurodevelopmental deficits can emerge at older
ages in patients with previously normal performance at ages
<3 years.!"!® Therefore, the current study was conducted
to determine the long-term cognitive outcomes in children

who underwent IVB for ROP.
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METHODS

e SUBJECTS AND GROUPING: This was a prospective co-
hort study conducted in Chang Gung Memorial Hospi-
tal, Linkou, between April 2015 and November 2018. The
study was approved by the Institutional Review Board (No.
201801566A3) and adhered to the tenets of the Declara-
tion of Helsinki. Written informed consent was obtained
from the children’s parent(s) for the enrollment of their
children in the study.

Premature children with or without ROP between the
chronological ages of 3 and 6 years were invited to partici-
pate in this study. Demographics, neonatal events, and data
on ROP were gathered from the medical records. Prematu-
rity was defined as birth at <37 weeks’ gestation. The sever-
ity of ROP was graded according to the Early Treatment for
Retinopathy of Prematurity (ETROP) Study.*

Children who underwent vitrectomy for advanced ROP,
received anti-VEGF agents other than bevacizumab, had
cerebral palsy, or were unwilling or unable to complete the
cognitive assessment were excluded. The enrolled children
received a baseline cognitive assessment and a subsequent
assessment at the end of year 1 and at the end of year 2 if
the patient was followed for 2 years (Figure 1). In the analy-
sis, we included subjects who received their last assessment
when they were between 5 and 8 years.

The final cohort was divided into 5 groups according to
their prior ROP status in the more severely affected eye:
premature without ROP (group 1), ROP not needing treat-
ment (group 2), [IVB monotherapy (group 3), IVB + laser
treatment (group 4), and laser monotherapy (group 5). Fi-
nally, the cognitive outcomes were compared among the
groups.

e INTRAVITREAL BEVACIZUMAB AND LASER TREAT-
MENT: The treatment for ROP was either primary [VB or
laser photocoagulation, and the indication for treatment
was type 1 ROP, as defined by the ETROP Study.* The
risks and benefits of the treatments and the off-label use
of bevacizumab were thoroughly explained to the parents.
The parents chose the treatment method and signed an
informed consent form.

The IVB procedure was performed as previously de-
scribed.”” In brief, IVB was administered in a neonatal in-
tensive care unit under intravenous sedation. After antisep-
tic preparation, bevacizumab 0.625 mg (Avastin; Genen-
tech Inc) was injected through the pars plicata with a 30-
gauge needle. Levofloxacin 0.5% (Cravit; Santen) was ap-
plied for 7 days after the procedure, and patients were fol-
lowed every 1-2 weeks until full vascularization or the ab-
sence of an active fibrovascular component of the retina.

For laser ablation, a conventional near-confluent 810-nm
diode laser was applied to the entire avascular retina. The
follow-up schedule was same as after [IVB.
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After the primary treatment, if there was an initial pos-
itive response but with later worsening of the ROP sta-
tus, including recurrence or deterioration of neovascu-
larization or plus disease,”’ additional IVB or laser ther-
apy was administered based on the preference of the par-
ents. If retinal detachment was present, vitrectomy was
considered.

¢ COGNITIVE OUTCOMES ASSESSMENT: Cognitive abili-
ties were assessed by the Chinese version of the Wech-
sler Preschool and Primary Scale of Intelligence, Fourth
Edition (WPPSI-1V; Chinese Behavioral Science Corpo-
ration) Test. The WPPSI-1V is composed of different sub-
tests according to the test subject’s age. From these sub-
tests, raw scores can be calculated and converted to an age-
corrected standard scaled score. Specific composite scores
can be further derived from these scaled scores, including
the Full-Scale Intelligence Quotient (FSIQ; mean = 100,
SD = 15), which reflects the overall intelligence of a test
subject. FSIQs of 70 to 84 (<1-2 SD) and <70 (<2 SD)
were defined as borderline and severe cognitive impair-
ment, respectively. In this study, an experienced pediatric
psychiatrist (Y.-S.H.) performed all the assessments and was
blinded to each patient’s prior ophthalmic history and treat-
ment.

o STATISTICAL ANALYSES: The normality of the distribu-
tion of numerical variables was tested with the Shapiro-
Wilk test. A x? test or Fisher exact test was performed
to compare categorical variables. Analysis of covariance or
Kruskal-Wallis tests were used to compare differences in
numerical variables, and multiple comparisons were con-
ducted. Cognitive scores were compared among groups and
within the same group using McNemar test and paired ¢
tests, respectively. Generalized estimating equations were
used to analyze the change in FSIQ over time. Finally, mul-
tiple linear regression models were constructed by forward
selection of all the recorded factors to explore the variables
related to FSIQ. SAS, version 9.4 (SAS Inc) was used for
analysis, and a P <.05 was considered statistically signifi-
cant.

RESULTS

o DEMOGRAPHICS AND CLINICAL FEATURES: A total of
186 children were recruited and underwent the baseline
WPPSI-IV assessment. Among these children, 126 (67.7%)
were followed for 1 year or longer and underwent at least 1
follow-up assessment. After excluding the 25 children who
had their last cognitive assessments outside of the target
age band, 101 children were included in the final analyses
(Figure 1).

Table 1 shows the demographics and neonatal events of
the children. Group 1 had a significantly older gestational
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Assessed for eligibility:
preterm children aged 3-6 years (n = 207)

Excluded (n = 21)
* Intravitreal injection of ranibizumab (n = 2)
» Cerebral palsy (n = 3)
* Underwent vitrectomy (n = 10)
» Uncooperative and unable to complete
cognitive assessment (n = 6)
= Autism (n = 2); ADHD (n = 4)

Baseline WPPSI-IV examination (n = 186 ) |

Lost to follow-up (n = 60)

* Could not cooperate during follow-up
examination (n = 2)

+ Refused to come because the examination
was too time consuming (n = 32)

» Parents could not cooperate with
examination schedule (n = 16)

* Lost contact (n = 10)

Follow-up WPPSI-IV examination(s) 21
year from baseline (n = 126)

Excluded from analysis (n = 25)
* Notin the target age band of 5-8 years at
the last follow-up examination (n = 25)

Final cohort for analysis (n = 101) |

A A

A A

Group 1 Group 2 Group 3 Group 4 Group 5
Premature without ROP not needing IVB monotherapy IVB + laser Laser monotherapy
ROP (n = 55) treatment (n = 9) (n=23) treatment (n = 9) (n=5)

FIGURE 1. Study flowchart. ADHD = attention deficit/hyperactivity disorder, FSIQ = Full-Scale Intelligence Quotient, [IVB = in-
travitreal injection of bevacizumab, ROP = retinopathy of prematurity, WPPSI-IV = Wechsler Preschool and Primary Scale of

Intelligence, Fourth Edition.

age (GA), larger birth weight (BW), and higher Apgar
scores at 1 and 5 minutes (all P < .0001), but those values
were similar in groups 2 to 4. In group 1, significantly fewer
children had sepsis (P = .02), patent ductus arteriosus (P <
.0001), and respiratory distress syndrome (P < .0001), and
they had fewer days on ventilation during infancy (median
10 days in group 1 compared with 84-93 days in groups 2-
4; P < .0001). The factors in group 5 were comparable to
those in groups 2 to 4 but showed no statistical significance
when compared to those in group 1, likely because of the
small number of cases in group 5. In addition, some imbal-
ances were noted among the groups regarding the rates of
antenatal corticosteroids, NEC, and intraventricular hem-
orthage grade 3/4. Despite the heterogeneity among the
groups, in general, the systemic condition in the neonatal
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period was significantly better in group 1 than in the other
groups.

Table 2 compares the demographics and clinical features
between the 101 included children and the 60 children who
were lost to follow-up. Most of the factors were balanced,
except significantly more children were inborn (95%) and
had a higher proportion with NEC (15%) for those who
were lost to follow-up. The detailed comparison between
the included children and those lost to follow-up in the re-
spective study groups is listed in Supplementary Tables S1
to $4.

e COGNITIVE OUTCOMES AT BASELINE AND THE LAST
FOLLOW-UP: Table 3 shows the cognitive outcomes at the
2 time points. The mean age at baseline and the last follow-
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TABLE 1. Demographics and Clinical Characteristics Between the Study Groups

Group 1: Group 2: Group 3: Group 4: Group 5: P Value
Premature Without ROP Not Needing IVB Monotherapy IVB + Laser Laser Monotherapy
ROP Treatment (n=23) Treatment (n=15)
(n = 55) (n=9) (n=9)
Male 29 (53) 4 (44) 15 (65) 8 (89) 2 (40) 199
GA, wk, median (IQR) 32.6 (30.0, 26.7° (26.0, 25.9° (24.6, 25.1% (25.1, 26 (26.0, 26.0) <.0001°
34.0) 27.9) 26.7) 25.7)
BW, g, median (IQR) 1675 (1340, 770" (705, 794" (730, 797 (750, 860) 700 (670, 795) <.0001°
2100) 1010) 1020)
Apgar score, 1 min, median (IQR) 8(7,8) 40 (3, 5) 5° (4, 8) 40 (3, 5) 5 (4, 6) <.0001°
Apgar score, 5 min, median (IQR) 9(8,9) 7° (6, 8) 7°(7,9) 6° (6,7) 8 (6, 8) <.0001°
Inborn 45 (82) 7 (78) 15 (65) 8 (89) 2 (40) 142
Use of antenatal corticosteroids 30 (55) 8 (89) 12 (52) 8 (89) 5 (100) .03?
Patent ductus arteriosus 4 (8) 7 (78) 15 (65) 4 (44) 5 (100) <.00012
Necrotizing enterocolitis 0 (0) 1(11) 0 (0) 0 (0) 1 (20) .047
Sepsis 8 (15) 4 (44) 11 (48) 3(33) 1 (20) .022
IVH, grade 3 or 4 1(2) 0(0) 4(17) 0(0) 1 (20) .0487
Periventricular leukomalacia 2 (4) 0 (0) 0 (0) 0 (0) 0 (0) >.997
Respiratory distress syndrome 25 (48) 9 (100) 22 (96) 9 (100) 5 (100) <.00017
Days on mechanical ventilation, 10.0 (1.0, 30.0) 84.0° (65.0, 93.0° (670, 86.0° (770, 56 (52.0, 87.0) <.0001¢
median (IQR) 86.0) 103.0) 101.5)
ROP stage® <.0001¢
No ROP 55 (100) N/A N/A N/A N/A
1 N/A 4 (44) 0(0) 0(0) 0(0)
2 N/A 5 (56) 1(4) 0(0) 1 (20)
3 N/A 0(0) 22 (96) 9 (100) 4 (80)
ROP zone? .051¢
| N/A 0(0) 1(4) 3(33) 1 (20)
I N/A 8 (89) 22 (96) 6 (67) 4 (80)
1 N/A 1(11) 0(0) 0(0) 0(0)
Plus disease <.0001°¢
Yes N/A 0(0) 23 (100) 9 (100) 4 (80)
No 55 (100) 9 (100) 0(0) 0(0) 1 (20)

BW = birth weight, GA = gestational age, IQR = interquartile range, IVH = intraventricular hemorrhage, ROP = retinopathy of prematurity.

2P values were calculated by Fisher exact test.

bSignificant difference between the current group and group 1 by the post hoc test.
°P values were calculated by Kruskal-Wallis test, and post hoc tests were performed by Dunn test.
9As defined in the Early Treatment for Retinopathy of Prematurity Study.* The worst recorded ROP grading in the more severely affected

eye of each subject is shown.

¢P values were calculated by Fisher exact test while comparing between groups 2, 3, 4, and 5.

Unless otherwise noted, values are n (%).

up examination were 4.5-4.9 years and 6.1-7.0 years, re-
spectively, which were comparable among groups 1 to 4
but older in group 5. Compared to group 1, groups 2 to 5
had nonsignificantly lower mean FSIQ scores at baseline
(P = .08). Similarly, the scores at the last follow-up tended
to be slightly lower in the latter groups, but the difference
was not significant (P = .50).

Severe cognitive impairment (FSIQ < 70) at baseline
was more common in groups 2 (22%), 3 (13%), and 4
(33%) than in groups 1 and 5 (4% and 0%, respectively;
P = .03). This significance disappeared at the last follow-
up (6%, 0%, 4%, 22%, and 0% in groups 1-5, respectively;
P = .33). The proportion of patients with borderline cog-
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nitive impairment (FSIQ between 70 and 84) was not sig-
nificantly different among the 5 study groups.

e CHANGES IN COGNITIVE SCORES: Compared to the
baseline, the FSIQ scores at the last follow-up had improved
in all groups, and the improvement was significant in groups
2, 3, and 5 (P = .06, .009, .0006, .24, and .01 in groups
1-5, respectively). The proportion of patients with severe
cognitive impairment also decreased from baseline to the
last follow-up in groups 2, 3, and 4 but was nonsignificant
(P = NJ/A, .16, and .56, respectively). The proportion of
patients with borderline cognitive impairment decreased in
all groups and was significant in group 3 (P = .32, .08, .046,
>.99, and .16 in groups 1—5, respectively).
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TABLE 2. Demographics and Clinical Characteristics Between the Included Children and the Children Who Were Lost to Follow-up

Included Lost to Follow-up P Value
(n=101) (n = 60)
Groups .08
Group 1: Premature without ROP 55 (54.5) 33 (55.0)
Group 2: ROP not needing treatment 9(8.9) 10 (16.7)
Group 3: IVB monotherapy 23 (22.8) 16 (26.7)
Group 4: IVB + laser treatment 9(8.9) 1(1.7)
Group 5: Laser monotherapy 5(5.0) 0 (0.0)
Male 58 (57.4) 37 (61.7) .60°
GA, wk, median (IQR) 29.4 (26.0, 33.0) 29.7 (271, 32.4) .86°
BW, g, median (IQR) 1180 (797.0, 1750.0) 1202.5 (893.0, .85¢
1567.5)
Apgar score, 1 min, median (IQR) 7 (4, 8) 6 (5, 8) .66°
Apgar score, 5 min, median (IQR) 8(7,9) 8(7,9) .84¢
Inborn 77 (76) 57 (95) .002°
Use of antenatal corticosteroids 63 (62.4) 41 (68.3) .44°
Patent ductus arteriosus 35 (35.7) 22 (36.7) >.99°
Necrotizing enterocolitis 2(2.0) 9 (15.0) .003?
Sepsis 27 (27.6) 10 (16.7) 18P
IVH, grade 3 or 4 6 (6.3) 6 (10.0) .54°
Periventricular leukomalacia 2(2.1) 0 (0.0) .52
Respiratory distress syndrome 70 (71.4) 48 (80.0) .26°
Days on mechanical ventilation, median (IQR) 45 (8, 85) 45 (20, 83) 71¢
ROP stage? 532
No ROP 55 (54.5) 34 (56.7)
1 4 (4.0) 5(8.3)
2 7 (6.9) 5(8.3)
3 35 (34.7) 16 (26.7)
ROP zone? .207
No ROP 55 (54.5) 34 (56.7)
| 5(5.0) 3(5.0)
I 40 (39.6) 19 (31.7)
n 1(1.0) 4 (77)
Plus disease .06°
Yes 36 (35.6) 13 (21.7)
No 65 (64.4) 47 (78.3)
Age at baseline WPPSI-IV examination, y, mean + SD 45+0.9 3.9+ 0.6 <.0001°
Baseline WPPSI-IV FSIQ, mean + SD 89.2+15.6 915+ 16.8 .37¢
Severe cognitive impairment at baseline (FSIQ < 70) 10 (9.9) 7 (11.7) 720
Borderline cognitive impairment at baseline (FSIQ 70-84) 26 (30.2) 12 (23.1) .36°

BW = birth weight, FSIQ = Full-Scale Intelligence Quotient, GA = gestational age, IQR = interquartile range, IVH = intraventricular
hemorrhage, ROP = retinopathy of prematurity, WPPSI-IV = Wechsler Preschool and Primary Scale of Intelligence, Fourth Edition.

2P values were calculated by Fisher exact test.

bp values were calculated by x? test.

¢P values were calculated by Wilcoxon 2-sample test.

9As defined in the Early Treatment for Retinopathy of Prematurity Study.* The worst recorded ROP grading in the more severely affected
eye of each subject is shown.

¢P values were calculated by 2-sample t test.

Unless otherwise noted, values are n (%).

Furthermore, generalized estimating equations were used significantly greater in group 2 and group 3 than in group 1
to compare the changes in FSIQ over the follow-up pe- (P = .03 and .01, respectively; Supplementary Table S5).
riod (Figure 2). Although there were no significant differ-
ences in the mean FSIQ at baseline and at the last follow-up ¢ FACTORS ASSOCIATED WITH COGNITIVE OUTCOMES:
among the groups, the changes in the FSIQ over time were | At baseline, univariate analysis demonstrated that IVB
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TABLE 3. Cognitive Outcomes at Baseline and the Last Follow-up Between ROP Groups.

Group 1: Group 2: Group 3: Group 4: Group 5: P Value
Premature ROP Not IVB IVB + Laser Laser
Without ROP Needing Monotherapy Treatment Monotherapy
(n=55) Treatment (n=23) n=9) (n=5)
(n=9)
Chronological age at examination, y, mean + SD
Baseline 45+0.7 45+10 46+0.8 46+ 12 49+10 77°
Last follow-up 6.1 +0.6° 6.2 + 0.6° 6.4+ 0.7 6.3+0.9 70 £ 1.0°° .044
WPPSI-IV FSIQ, mean + SD
Baseline 947 +136 847+165 835+16.9 78.0+ 16.1 82.8 +4.6 .08
Last follow-up 97.7 £16.6 949+142 916+ 15.1 83.2+ 145 90.0 £ 6.3 .50
WPPSI-IV FSIQ change between the last 3.0 (5.0, 6.0 (5.0, 8.0 (2.0, 3.0 (—6.0, 7 (3.0, 9.0) .20
follow-up and baseline®, median (IQR) 10.0) 12.0) 16.0) 18.0)
Severe cognitive impairment (FSIQ < 70)
Baseline 2(4) 2 (22) 3 (13) 3(33) 0 (0) .03¢9
Last follow-up 3 (6) 0 (0) 1(4) 2 (22) 0 (0) .33¢9
Borderline cognitive impairment (FSIQ 70-84)
Baseline 11 (21) 3 (43) 8 (40) 2 (33) 2 (67) 159
Last follow-up 8 (15) 2(22) 6 (27) 3 (43) 1 (20) .249

FSIQ = Full-Scale Intelligence Quotient, IQR = interquartile range, ROP = retinopathy of prematurity, WPPSI-IV = Wechsler Preschool
and Primary Scale of Intelligence, Fourth Edition.

2P values were calculated by analysis of variance, and post hoc test was calculated by Fisher least significant difference test.

bSignificant difference between groups 1 and 5.

¢Significant difference between groups 2 and 5.

9P values were calculated by analysis of covariance while gestational age, Apgar score at 5 minutes, patent ductus arteriosus, and days
on mechanical ventilation were covariates.

€Calculated by subtracting FSIQ at baseline from the last follow-up.

fP values were calculated by Kruskal-Wallis test.

9P values were calculated by Fisher exact test.

Unless otherwise noted, values are n (%).
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FIGURE 2. Changes in cognitive scores from baseline to the last follow-up. Compared to group 1, the changes in the Full-Scale
Intelligence Quotient (FSIQ) were significantly greater in groups 2 and 3 (asterisks). The FSIQ was evaluated by the Wechsler
Preschool and Primary Scale of Intelligence, Fourth Edition (WPPSI-IV) Test. The change in the FSIQ was analyzed using gen-
eralized estimating models and adjusted for gestational age, the Apgar score at 5 minutes, patent ductus arteriosus, and days on
mechanical ventilation. [IVB = intravitreal injection of bevacizumab, ROP = retinopathy of prematurity. *P < .05. “P values com-
paring the scores among the 5 groups at baseline and the last follow-up, respectively, were calculated with analysis of covariance
with the same covariates as in the generalized estimating models.
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treatment, male sex, patent ductus arteriosus, and days
on mechanical ventilation were negatively associated with
the FSIQ, whereas GA and BW had positive associations
(Table 4). Only male sex (P = .01) and days on ventilation
(P = .0001) were significant factors with a negative associ-
ation in the multivariable model.

At the last follow-up, both IVB treatment and days on
ventilator were found to be negatively related to the FSIQ.
However, after adjustments for the related demographic and
systemic factors, only days on mechanical ventilation re-
mained to have a negative influence on the FSIQ at the
last follow-up (P = .01). The adjusted R? was 0.29 for the
constructed model at baseline and decreased to 0.13 at the
last follow-up, implying that the included factors affected
cognitive outcome to a lesser degree as the children grew.

DISCUSSION

This prospective observational study demonstrates that
children who underwent IVB had cognitive scores compa-
rable to preterm children who did not undergo IVB at 4.5
and 6 years of age. Severe cognitive impairment at age 4.5
years was significantly more common in children who un-
derwent IVB + laser combination treatment, but this dif-
ference decreased by the time the children were 6 years old.
Moreover, after adjusting for sex, Apgar score at 1 minute,
inborn status, use of antenatal corticosteroids, patent duc-
tus arteriosus, necrotizing enterocolitis (NEC), sepsis, high-
grade intraventricular hemorrhage, periventricular leuko-
malacia, and days on mechanical ventilation, IVB was not
associated with FSIQ at either age.

Table 5 lists the current studies on neurodevelopmental
outcomes after IVB. Most of these studies only followed
the treated children up to 26 months’ corrected age and
used Bayley-III or II (Second Edition) as the assessment
tool. The Bayley scales are designed to evaluate infants and
toddlers up to 42 months of age. Compared to the Denver
Developmental Screening Test, Second Edition, Bayley-
III is a more comprehensive and detailed screening test’!
and is used widely in current clinical practice. However,
the Bayley-III test was found to underestimate neurodevel-
opmental impairment,’” thus rendering these Bayley-I11I—
tested children at risk of being overlooked.

The WPPSI-1V test is targeted at an older and broader
age band of 2 years 6 months to 7 years 7 months. For the
WPPSI-IV composite FSIQ, the reliability analysis showed
excellent internal consistency with a reliability coefficient
of .96 and a test-retest correlation of .93.”> The broad age
band and the high validity of the WPPSI-IV test ensured
the reliability of the current long-term longitudinal study.

At a corrected age of 1.5 years, Morin and associates??
and Arima and associates’’ reported that the Bayley-I11I as-
sessment showed a greater likelihood of severe neurodevel-
opmental disabilities and delay in the language-social do-
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main in children who received IVB than in children who
received laser treatment (Table 5). However, their stud-
ies were limited by the retrospective design, unbalanced
groups,”®?" and, in the latter study, a lack of reporting im-
portant risk factors.

A recent multicenter prospective study reviewed 181
children who received IVB and 224 children who under-
went laser or cryotherapy and compared the Bayley-III
scores at corrected ages of 18-26 months.”® The results
demonstrated that although the likelihood of neurodevel-
opmental impairment was comparable, the IVB group had
a significantly higher mortality rate and likelihood of a cog-
nitive score <85. However, as the authors mentioned, the
[VB group had a slightly but significantly smaller BW and
longer time on oxygen support, which could indicate that
the children in this group were more severely ill.”’

Conversely, a recent retrospective study on 61 children
who underwent [VB and 85 who underwent laser treatment
concluded that IVB did not affect either mortality or neu-
rodevelopment.”” In agreement with their findings, our pre-
vious studies’”>*! and other studies’*”*” also found no signif-
icant association between IVB and poor neurodevelopmen-
tal outcomes in children up to 2 years of age (Table 5). Sim-
ilarly, a recent meta-analysis concluded that IVB did not
increase the risk of developing severe neurodevelopmental
impairment, although the quality of the currently available
evidence was low."’

The development of cognitive function in preterm chil-
dren is affected by multiple factors. In general, preterm chil-
dren have lower IQ scores than full-term children, and a
younger GA and lower BW are correlated with a lower
cognitive score.’® Male sex, birth at an external site, and
neonatal events, including bronchopulmonary dysplasia,
NEC, sepsis, ROP, high-grade intraventricular hemorrhage,
periventricular leukomalacia, and postnatal corticosteroids,
were also associated with cognitive impairment.’”** In the
present study, in groups 2 to 5, the median GA (25.1-
26.7 weeks) and BW (700-797 g) were categorized as ex-
tremely preterm and extremely low birth weight, respec-
tively. When comparing groups 1 to groups 2 to 5, the for-
mer had a significantly older GA (32.6 weeks) and heavier
BW (1675 g); thus, it is not surprising that cognitive scores
tended to be numerically lower in the latter groups.

Among the ROP groups with similar demographics at
birth (groups 2-5), the laser monotherapy group (group 5)
was the ideal group to compare with the IVB monotherapy
group (group 3). Although limited by the small case num-
bers in group 5 (n = 5), the rate of cognitive impairment
was not significantly different between groups 3 and 5 at
baseline (severe impairment, 13% vs 0%; borderline impair-
ment, 40% vs 67%). Similarly, comparable low rates were
observed at the follow-up examination (severe impairment,
4% vs 0%).

Furthermore, when comparing the IVB monotherapy
group to the ROP not needing treatment group (group
2), the rates of cognitive impairment were also compara-
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TABLE 4. Univariate and Multivariable Regression Analysis for Factors Associated With Cognitive Outcomes?

FSIQ at Baseline

FSIQ at the Last Follow-up

Univariate Multivariable? Univariate Multivariable?
B (95% Cl) P Value B (95% Cl) P Value B (95% Cl) P Value B (95% Cl) P Value

IVB treatment® —10.6 (—16.9, —4.2) .0019 —3.6 (—11.5, 4.3) .37 —75(—14.1, -0.9) .03 -3.2(-12.0,5.7) 48
Male sex —6.6 (—12.8, —0.5) .039 —7.3° (-13.1, —1.5) .019 —4.1(-10.4, 2.3) .21 —5.27 (—11.8, 1.3) A1
Gestational age, y 1.3 (0.5, 2.1) .0029 — — 0.8 (—0.04, 1.6) .06 — —
Birth weight, g 0.007 (0.002, 0.01) .005¢ — — 0.004 (—0.001, 0.01) 14 — —
Apgar score, 1 min 0.9 (-0.5,2.3) 19 —1.7 (-3.4,0.1) .06 0.4 (—1.1,1.8) .61 -1.7 (3.6, 0.3) .10
Apgar score, 5 min 1.1 (-0.8, 3.0) .27 —_ — 0.5(—14,2.5) .57 — —_
Inborn (reference: outborn) —1.3(-8.6, 6.0) 72 5.9 (-1.7, 13.6) 13 —4.8 (—12.2, 2.5) 19 — —
Use of antenatal corticosteroids -12(-76,5.2) 72 4.7 (-1.5, 11.0) 14 —-1.1(-76,5.4) .75 5.1 (-19,12.1) 15
Patent ductus arteriosus —6.5 (—13.0, —0.01) .05 5.1 (-3.1,13.3) 22 -3.6 (—10.3, 3.1) .29 4.2 (-4.9,13.3) .36
Necrotizing enterocolitis —5.0 (—27.5, 17.5) .66 —12.8 (—33.1, 74) .21 —5.8 (—28.7,17.1) .62 —16.9 (—39.5, 5.8) 14
Sepsis —4.5 (—11.5, 2.6) .21 — — —3.0(—10.2, 4.3) 42 —-1.9(-9.4,5.4) .60
IVH, grade 3 or 4 (reference: no IVH) —6.1(—19.3,7.1) .36 —_ — —10.3 (—23.7, 3.0) 13 —4.9(—18.3,8.4) .46
Periventricular leukomalacia —6.0 (—28.5, 16.5) .60 — — —14.0 (-36.7, 8.8) .23 —13.4 (—35.0, 8.2) 22
Respiratory distress syndrome —8.1% (—15.0, —1.3), .02 — — -19(-9.1,5.2) .59 — —
Days on mechanical ventilation —-0.2 (-0.2, -0.1) <.0001" -0.2° (0.4, —0.1) .0001¢ —0.1 (-0.2, —0.05) .0019 —0.27 (—0.4, —0.1) .019
Adjusted R? - 0.294 - 0.128

FSIQ = Full-Scale Intelligence Quotient, IVB = intravitreal injection of bevacizumab, IVH = intraventricular hemorrhage.

2FSIQ was evaluated by the Wechsler Preschool and Primary Scale of Intelligence, Fourth Edition (WPPSI-IV) test.

bForward selection.

°Including children who underwent IVB monotherapy and IVB + laser. The reference group included preterm children without prior ROP, children not needing treatment for ROP, and
those who underwent laser monotherapy.

dp < 05.
epP < .001.
fP < .0001.




TABLE 5. Publications on Neurodevelopmental Outcomes of Preterm Children After Intravitreal Injection of Bevacizumab

Author Publication Study Design Age at Assessment  Patient Groups and ~ Findings
Year Assessment Tool Numbers
Martinez- 2013 Prospective, Up to 60 mo DDST-11 IVB (n = 13) All except 1 critically ill patient showed
Castellanos single-arm normal neurodevelopmental scores.
etal'®
Araz-Ersan 2015 Retrospective, Upto24mo  Bayley-IIl  IVB + laser (n =13), No significant difference was found in
etal® case-control laser (n = 13) the Bayley scores.
Morin et al** 2016 Retrospective, 18 mo Bayley-I11 IVB (n =27), laser  Higher odds of severe
comparative (n=98) neurodevelopmental disabilities in the
IVB group.
Lien et al’! 2016 Retrospective, 6,12, 18,and  Bayley-II IVB (n = 12), laser  Similar neurodevelopmental outcomes
comparative 24 mo (n = 33), in the IVB and the laser monotherapy
IVB + laser (n = 16)  group. The IVB + laser group had a
higher incidence of mental and
psychomotor impairment than the laser
monotherapy group.
Kennedy 2018 Prospective, 18-22 mo Bayley-111 IVB (n=17),laser  No significant differences in body
et al’? randomized (n=9) weight, length, head circumference,
cerebral palsy, or Bayley scores.
Chen et al’’ 2018 Retrospective, Upto20mo Bayley-lll or VB (n=15), laser  No significant difference in
comparative an (n=9) neurodevelopmental delay.
equivalent
test
Fan et al®’ 2019 Prospective, 12-36 mo Bayley-I11 IVB (n = 38); No significant difference in Bayley
case-control premature, no ROP  scores and the risks for poor
(n=79); ROP,no  neurodevelopmental outcomes.
treatment (n = 31)
Raghuram 2019 Retrospective, 18-24 mo Bayley-I11 IVB (n = 34), laser  No significant differences in
etal®’ comparative (n=30) neurodevelopmental impairment or
severe neurodevelopmental
impairment.
Natarajan 2019 Multicenter 18-26 mo Bayley-I11 IVB (n = 155), No significant differences were
etal’® prospectively surgery for ROP identified in severe neurodevelopmental
collected data (n=210) impairment, but IVB group had a
higher mortality rate and likelihood of a
cognitive score < 85.
Chang et al’* 2019 Retrospective, ~ Upto24mo Bayley-Illor IVB(n=18),any  No significant differences in body
comparative Bayley-II1 ROP (n = 86) weight and neurodevelopmental
outcomes.
Arima et al? 2020 Retrospective, 18 mo KSPD IVB (n = 14), laser  [VB was significantly associated with
comparative (n=39) neurodevelopmental delay in the
language-social domain.
Zayek et al*® 2020 Retrospective, 18-24 mo Bayley-III IVB (n =61), laser  IVB did not affect survival and severe
comparative (n=285) neurodevelopmental impairment.
Ahmed 2020 Retrospective, ~ Upto24mo  Bayley-III IVB + laser No significant difference in
etal® comparative (n = 18), laser neurodevelopmental delay.
(n=48)
Chou et al Current Single-center 45-49and  WPPSI-IV ~ Premature, no ROP At 4.5 to beyond 6 years of age,
study prospectively 6.1-70y (n=55); ROP not  children who underwent IVB
collected data needing treatment  monotherapy had comparable cognitive
(n=29);IVB outcomes compared to the other
(n =23); premature children without prior IVB.
IVB + laser (n =9);  Children who underwent IVB plus laser
laser (n = 5) showed higher severe cognitive
impairment at 4.5 y of age.
Bayley-Il = Bayley Scales of Infant and Toddler Development, Second Edition, Bayley-Ill = Bayley Scales of Infant and Toddler Development,

Third Edition, DDST-Il = Denver Developmental Screening Test, Second Edition, IVB = intravitreal injection of bevacizumab, KSPD = Kyoto
Scale of Psychological Development, ROP = retinopathy of prematurity, WPPSI-IV = Wechsler Preschool and Primary Scale of Intelligence,

Fourth Edition.
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ble. Last, the mean FSIQ was very similar among groups
2, 3, and 5, which was 84.7, 83.5, and 82.8 at base-
line and 94.9, 91.6, and 90.0 at the last follow-up. The
above observations indicated that no significant difference
in cognitive outcomes was found among children treated
with IVB or laser monotherapy and children without ROP
treatment.

Notably, the children who underwent IVB + laser (group
4) had a significantly higher rate (33%) of severe cogni-
tive impairment at baseline. These children were different
from the IVB monotherapy group, as eyes with recurrence
of ROP after the primary treatment were mostly sicker chil-
dren with worse systemic and ocular conditions, and they
tended to undergo ROP treatment at earlier ages.”” In line
with this, group 4 underwent IVB at a significantly younger
postmenstrual age of 33.2 £ 2.4 weeks compared with the
IVB monotherapy group of 36.1 & 1.6 weeks in the current
study (P = .005). Furthermore, group 4 consisted of mainly
boys (89%) and had the lowest GA among all groups, and
both of these factors were strongly and independently as-
sociated with poorer cognitive outcomes.*®*’ Therefore, to
determine the effect of IVB on this group of children, the
above factors should be adjusted.

In the unadjusted correlation analysis, there was a neg-
ative association between IVB treatment and FSIQ at
both baseline and the follow-up examination (Table 4).
However, the “IVB treatment” factor included the IVB
monotherapy and the IVB + laser groups, and the refer-
ence group contained not only those who received laser
monotherapy but also those with a better neonatal condi-
tion, the premature without ROP group.

To adjust for these clinical differences, multivariable
models were constructed, and the significant association
found between IVB and FSIQ in the univariate analysis
turned nonsignificant after adding the days on mechanical
ventilation factor to the model. In fact, there was a signifi-
cant difference in the duration on ventilation between the
children who underwent IVB (median 92 days) and those
who did not (median 22 days, P < .001). The effect of me-
chanical ventilation on cognitive function was reported to
be —0.43 IQ points per day of ventilation.*” In agreement
with their findings, the detrimental effect of ventilation on

the FSIQ was noted in this study.

The importance of long-term follow-up of the neurode-
velopment of preterm children was emphasized because
not all aspects of cognition can be accurately predicted in
early childhood.'”'¥ Borderline cognitive impairment in
toddlerhood was associated with definite deficits at school
age, and emotional and behavioral problems may emerge
at older ages.*** In children who were born extremely
preterm, severe neurodevelopmental impairment is present
in 11% to 28% when they reach 6.5-10 years of age.””*!40
In our study, 22% to 33% of our extremely preterm chil-
dren in groups 2 to 4 had severe cognitive impairment at
4.5 years, but there was no increase from 4.5 to 6 years of
age. Interestingly, severe cognitive impairment decreased
and the mean FSIQQ increased as the children aged.

Similar to our findings, investigators have found that cog-
nitive test scores improved over time in very-low-birth-
weight and extremely preterm children.*’*® Whether this
change over time is truly an actual improvement is still un-
der debate,* but studies did find that socioeconomic fac-
tors, including higher parental educational level, caregiver
employment, and living in the same household with both
parents, were associated with a greater improvement in cog-
nitive score across preschool years,”” as the negative influ-
ence of male sex on neonates became less relevant in the
longer term.”!

This study has several limitations. First, this was a non-
randomized single-center study with a small number of en-
rolled patients. Second, because a significant number of
children might have been lost to follow-up by the time they
were eligible for this study, selection bias could have existed.
However, our institution is a tertiary referral center and re-
ceives patients from a broad area, and the cohort had been
followed for years and tended to stay in our clinic.”’>’!

Third, neurodevelopmental impairment is typically de-
fined as the presence of cognitive, neurologic, and/or sen-
sory deficits. Here, only the cognitive outcomes were eval-
uated. Last, cognitive development is complicated and is
influenced by a broad range of factors. Although we docu-
mented various recognized factors, other unrecorded vari-
ables may also have a significant role. Despite these limita-
tions, this study is important because of its prospective, lon-
gitudinal study design, which provides valuable long-term
data from this special cohort.
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