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Blindness and Retinopathy of Prematurity

• 1% of extremely preterm infants develop severe visual impairment.

• 13% of extremely preterm infants develop severe ROP needing treatment.

• Among infants with severe ROP, 6.4% develop bilateral blindness with no 
functional vision.
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Blindness and Cerebral Injury
Cerebral Visual Impairment (CVI), in term and preterm infants, a result of:

• Hypoxic ischemic encephalopathy (HIE)
• Periventricular leukomalacia (PVL)
• Hydrocephalus

• Preterm infants are especially vulnerable to:
• cerebral hemorrhage with ventricular extension
• White matter ischemia and/or inflammation manifesting as PVL



Hypothesis

Cerebral injury is independently 
associated with bilateral blindness in 

extremely preterm infants, in addition to 
severe ROP alone.



Methods

• Design: Retrospective analysis of prospectively collected data – 
              Neonatal Research Network multicenter preterm infant registry

• Participants: Extremely preterm infants of gestational age 22 0/7 to 28 6/7 
weeks, born from 1994 to 2021, who received care at NICHD Neonatal Research 
Network centers and participated in follow-up at 18-26 months with visual 
assessment.

Neonatal Research Network Centers



Methods
• Exposures:

• Severe ROP, defined as any of the following:
 either eye with stage 3 ROP or worse
 retinal detachment
 Plus disease
 receipt of peripheral retinal laser ablation, scleral buckling, vitrectomy, and/or 

treatment with anti-VEGF drugs
• Cerebral injury, defined as any of the following on cranial imaging:

 blood/increased echogenicity in the parenchyma
 ventriculomegaly with or without hydrocephalus
 cystic periventricular leukomalacia

• Outcome: Bilateral blindness was defined as a follow-up examination meeting criteria 
of “blind – some functional vision” or “blind – no useful vision” in both eyes.



Methods

• Statistical Analysis: A logistic regression model compared the presence of  
bilateral blindness among infants with severe ROP and/or cerebral injury.

• We adjusted for baseline factors that differed between groups and tested for 
interaction between ROP and cerebral injury.



Participant Flow Diagram

GA-Gestational Age
NRN-Neonatal Research Network
ROP-Retinopathy of Prematurity

Infants with birth weight 401-
1000g or GA 22 0/7 to 28 6/7 
weeks who received care at 

NRN centers 1994-2021, with 
NRN follow-up data available 

(n=21,745)

Excluded (n=1882)
• Birth defects, genetic syndromes (n=696)
• Missing data on Cerebral Injury and/or 

Severe ROP (n=1131)
• Missing data on blindness (n=55)

Final study population 
(n=19,863)



Baseline Characteristics

• Mean gestational age: 25.6 ± 1.7 
weeks

• Mean birth weight: 782 ± 158 
grams 

Children who had cerebral injury:
• shorter gestation
• lower birth weight
• less likely to be small for 

gestational age, to have received 
antenatal glucocorticoids, 
antenatal magnesium sulfate, and 
to be born to mothers with 
hypertension



Baseline Characteristics

Of all children included:
• 23% (4568/19,863) had severe 

ROP
• 22% (4274/19,863) had 

cerebral injury
• 1% (213/19,863) had bilateral 

blindness



Risk Factors for Blindness

Of blind children (n=213):

Severe ROP only:
25% (n=53/213)

Cerebral injury only:
22% (n=47/213)

Both:
40% (n=86/213)

Neither:
13% (n=27/213)



1.0

8.14 8.38

28.7

0
5

10
15
20
25
30
35
40
45
50

Neither risk factor
(reference group)

Severe ROP,
given No Cerebral

Injury

Cerebral Injury,
given No Severe

ROP

Both Cerebral
Injury

 and Severe ROP

Ad
ju

st
ed

 O
dd

s R
at

io
 (a

O
R)

Possible Risk Factor

Adjusted Odds Ratios (aOR) for Blindness

p<0.0001 p<0.0001 p<0.0001



Conclusions

• Cerebral injury is associated with blindness and accounts for variance not 
explained severe ROP alone.

• Cerebral injury and severe ROP are equally important risk factors for 
blindness (aOR 8.38 vs 8.14).

• Likely diverse mechanisms for blindness in extremely preterm infants;
some blindness is likely cerebral in nature.

• Shared mechanisms of ROP and cerebral injury are possible.



• The multiplicative interaction was significant (p=0.01).
• Risk factors are not synergistic:

• Given cerebral injury, aOR for severe ROP = 28.73/8.14 = 3.53
• Given severe ROP, aOR for cerebral injury = 28.73/8.38 = 3.43

Conclusions



• Actual risk of blindness is low:

Conclusions

Severe ROP only 
(n=3130)

1.7%

Cerebral injury only 
(n=2836)

1.7%

Both
(n=1438)

6.0%



Of blind children (n=213):

Severe ROP only:
25% (n=53/213)

Cerebral injury only:
22% (n=47/213)

Both:
40% (n=86/213)

Neither:
13% (n=27/213)

Conclusions



Limitations

• No information on pupillary reflexes, location of cerebral injuries
• Challenging to asses vision in young children with severe cerebral injury
• Follow-up vision outcomes based on history and a certified neurologic 

examiner’s observation, but no formal follow-up by an ophthalmologist.



Strengths

• Large database and study population (n=19,863)
• Robust follow-up
• Relatively few excluded infants



Final Conclusions

• Cerebral injury and severe ROP were equally important factors for 
blindness.

• Besides ROP, clinicians should have a high index of suspicion for 
cerebral injury when considering causes of blindness in this population.
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Thank you!

Waldemar A. Carlo, MD Scott A. McDonald, BS
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Risk Factors for Blindness



Adjusted Odds Ratios (aOR) for Blindness

In infants without severe ROP, cerebral injury was associated with an 8.38-fold 
increase in adjusted odds of blindness.



Adjusted Odds Ratios (aOR) for Blindness

In infants without cerebral injury, severe ROP was associated with an 8.14-fold 
increase in adjusted odds of blindness.



Adjusted Odds Ratios (aOR) for Blindness

As compared to infants with neither risk factor, those with both severe ROP and 
cerebral injury were 28.73 times more likely to be blind.



Secondary Investigation for Visual Outcomes based on Type of Cerebral 
Injury, Relative to No Cerebral Injury

None of the 200 infants with blood/echodensity in the parenchyma as the sole 
abnormality were blind.



Secondary Investigation for Visual Outcomes based on Type of Cerebral 
Injury, Relative to No Cerebral Injury

Among cerebral injuries, cystic PVL was associated with the greatest increase in 
the risk of blindness.



Secondary Investigation for Visual Outcomes based on Type of Cerebral 
Injury, Relative to No Cerebral Injury

Severe hydrocephalus category: defined as placement of a ventricular shunt in 
the setting of other cerebral injury.
Infants with hydrocephalus requiring shunt in the setting of other defined 
cerebral injury had a further increased risk of blindness.



Adjusting for Severe Cerebral Palsy and Grade 3 Bronchopulmonary 
Dysplasia (2006-2021 births)

• Severe CP was found to be a significant risk factor for blindness (aOR=40.6, 
95% CI=27.9-58.9, p=0.002).

• There was no association between grade 3 BPD and blindness (p=0.62). 



Adjusted Odds Ratios for Blindness, Comparing Cerebral injury vs. Normal 
imaging

• This excluded 4285 infants who lacked imaging (N=15,578).



Risk Factors for Blindness, Cerebral Injury vs. Normal 
Imaging



Adjusted aOR and 95% Confidence Interval for Blindness, with 
Blood/Echodensity in Parenchyma not in Cerebral Injury Definition



Risk Factors for Blindness, with Blood/Echodensity in Parenchyma not 
Included in Cerebral Injury Definition
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