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Abstract

Objective—To determine the outcome of preterm infants whose cystic periventricular 

leukomalacia “disappeared” on serial screening cranial imaging studies.

Study design—Infants ≤26 weeks of gestation born between 2002 and 2012 who had cranial 

imaging studies at least twice, the most abnormal study at <28 days of age and another closest to 

36 weeks, were reviewed. The outcome of late death (after 36 weeks postmenstrual age) or 
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neurodevelopmental impairment (NDI) in surviving infants at 18–26 months corrected age was 

compared between the infants with no cystic periventricular leukomalacia on both studies and 

cystic periventricular leukomalacia that disappeared (cystic periventricular leukomalacia at <28 

days but not at 36 weeks), persisted (cystic periventricular leukomalacia on both studies), or 

appeared late (cystic periventricular leukomalacia only at 36 weeks). Predictors of NDI were 

evaluated by logistic regression.

Results—Of 7063 eligible infants, 433 (6.1%) had cystic periventricular leukomalacia. Among 

the 433 infants with cystic periventricular leukomalacia, cystic periventricular leukomalacia 

disappeared in 76 (18%), persisted in 87 (20%), and 270 (62%) had late cystic periventricular 

leukomalacia. Loss to follow-up ranged between 3% and 13%. Death or NDI was more common 

in infants with disappeared cystic periventricular leukomalacia compared with those with no cystic 

periventricular leukomalacia (38 of 72 [53%] vs 1776 of 6376 [28%]; OR [95% CI] 2.8 [1.8–4.6]). 

Disappeared, persistent, and late cystic periventricular leukomalacia were all also independently 

associated with NDI (OR 1.17, 1.21, and 1.16, respectively).

Conclusions—Infants with “disappeared” cystic periventricular leukomalacia are at increased 

risk of adverse outcome similar to infants with persistent or late cystic periventricular 

leukomalacia.

Detection of cystic periventricular leukomalacia by cranial ultrasonography screening for 

high-risk preterm neonates provides important information related to prognosis that can 

influence strategies for long-term follow-up and care.1 Cystic periventricular leukomalacia 

on routine screening cranial ultrasonography is typically first seen about 3 weeks after 

injury.2 However, cystic periventricular leukomalacia may remain apparent for only a few 

weeks in the periventricular region before the cystic areas coalesce, collapse, and then 

disappear, often resulting in ventriculomegaly being the visible sequel on cranial 

ultrasonography.3–5

We previously analyzed dataset from the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development (NICHD) Neonatal Research Network (NRN) Generic 

Data Base Registry (GDB) and reported that in approximately 1 of 7 (14.3%) preterm 

infants for whom cystic periventricular leukomalacia was noted on any cranial ultrasound 

<28 days chronological age (CA), cystic periventricular leukomalacia was not apparent, ie, 

had disappeared, on the follow up cranial imaging obtained at 36 weeks postmenstrual age 

(PMA).6 Although detection of cystic periventricular leukomalacia is strongly associated 

with subsequent neurodevelopmental outcome,1 little is known about the outcome of 

preterm infants in whom cystic periventricular leukomalacia disappears compared with that 

of infants with persistent cystic periventricular leukomalacia.5 This prompted us to use our 

follow-up data registry to determine the outcome for infants who never had cystic 

periventricular leukomalacia and infants whose cystic periventricular leukomalacia 

disappeared, persisted, or appeared late.

Our primary hypothesis was that the outcome for preterm infants whose cystic 

periventricular leukomalacia disappeared would differ from that of infants who never had 

cystic periventricular leukomalacia, and that the outcome in those whose cystic 

periventricular leukomalacia disappeared would not differ compared with those in whom it 
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persisted, and those in whom cystic periventricular leukomalacia appeared late on screening 

imaging. We also hypothesized that cystic periventricular leukomalacia related variables, 

such as disappeared, persistent, and late cystic periventricular leukomalacia, along with 

clinical risk factors, could be used in multivariable regression analysis to predict 

neurodevelopmental impairment (NDI) in preterm infants. Accordingly, the objective was to 

compare the primary outcome of late death (after 36 weeks PMA) or NDI in infancy for 

preterm infants who never had cystic periventricular leukomalacia compared with infants 

whose cystic periventricular leukomalacia disappeared, persisted, or appeared late.

Methods

Prospectively collected data on all infants cared for and/or born at centers of the Eunice 
Kennedy Shriver NICHD Neonatal Research Network between January 2002 and December 

2012 and entered in the NRN’s GDB registry were reviewed retrospectively. The registry 

contains records of maternal antepartum and intrapartum data, which were collected soon 

after infant’s birth and, in the case of the infant, collected prospectively from day one until 

death, or discharge from hospital or 120 days, whichever occurred first. The GDB includes 

information on NDI in surviving preterm infants who received follow-up assessments at 18–

26 months corrected age (infants were seen at 18–22 months corrected age before July 1, 

2012, and at 22–26 months corrected age after that). The follow-up evaluations performed 

also changed over time with the Bayley II examination used before mid-2007 and 

subsequently the Bayley III examination. Trained research coordinators collected the data 

using prespecified definitions. Data collection was approved by the local institutional review 

boards of the NRN centers participating in the GDB registry.

All infants born at 220/7 through 266/7 weeks PMA, who were entered in the GDB registry 

during the study period, survived beyond 36 weeks PMA, and had screening cranial imaging 

done at both of the 2 time points (ie, within 28 days CA and closest to 36 weeks PMA) were 

included for this analysis.

We compared the composite outcome of late death (death after 36 weeks PMA) or NDI (in 

surviving infants) among infants with (1) “no cystic periventricular leukomalacia”—no 

cystic periventricular leukomalacia on cranial imaging at both 28 days CA and close to 36 

weeks PMA; (2) “disappeared” cystic periventricular leukomalacia—cystic periventricular 

leukomalacia observed only on cranial ultrasonography within the first 28 days CA but not 

apparent on the cranial imaging close to 36 weeks PMA; (3) “persistent” cystic 

periventricular leukomalacia- cystic periventricular leukomalacia present on cranial 

ultrasonography within the first 28 day CA and also on the cranial imaging close to 36 

weeks PMA; and (4) “late” cystic periventricular leukomalacia—those infants who had 

cystic periventricular leukomalacia detected only on the cranial imaging closest to 36 weeks 

PMA.

Study Definitions

The GDB collects information regarding the presence of parenchymal cystic area(s) 

including the cystic periventricular leukomalacia and porencephalic cysts, if present on any 

cranial ultrasonography performed during first 28 days of birth. If more than 1 cranial 
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ultrasonography is done in the first 28 days, results from the cranial ultrasonography with 

the most severe findings are recorded. Data regarding cystic periventricular leukomalacia 

and porencephalic cyst are collected and documented separately from imaging studies 

(ultrasonography, computed tomography [CT] scan, or magnetic resonance imaging [MRI]) 

done closest to 36 weeks PMA. In infants with more than 1 imaging modality close to 36 

weeks PMA, the results to be recorded were MRI, sonogram, and then CT scan. The nature 

of screening cranial imaging studies (ultrasonography, CT scan, or MRI) performed close to 

36 weeks PMA was center dependent. The radiologists at each participating center read the 

scans, and the findings recorded were based on the radiologists’ reports. Cystic 

periventricular leukomalacia on cranial ultrasonography was defined as “characteristic 

lucencies in the periventricular area (most commonly dorsal and lateral to the external angle 

of the lateral ventricle and may be diffuse or focal in distribution along the front to back axis 

of the head).”6 “Hyperechogenicity in the periventricular area” or ventriculomegaly was not 

considered to be cystic periventricular leukomalacia.6 Cystic periventricular leukomalacia 

diagnosed by MRI on late imaging (closest to 36 weeks PMA) is based on a similar 

definition as for cranial ultrasonography (ie, presence of cysts). Porencephalic cyst was used 

to describe all other forms of cystic disease than periventricular leukomalacia.

Gestational age (GA) was based on the obstetrician’s best estimate. Birth weight <10th 

percentile for GA and sex was small for GA. Antenatal steroids included any corticosteroid 

given to the mother for fetal indications. Postnatal steroid treatment included use of any 

corticosteroid for bronchopulmonary dysplasia (BPD).Blood culture positivity after 72 hours 

of age and antimicrobial therapy for ≥5 days defined late-onset sepsis. Intracranial 

hemorrhage included blood in the ventricles or in parenchyma. The date of the image with 

most severe grade of intracranial hemorrhage prior to 28 days, the presence of porencephalic 

cyst, and ventriculomegaly at 36 weeks PMA screening cranial imaging were also 

documented. Modified Bell stage IIA or greater necrotizing enterocolitis (NEC) qualified for 

inclusion as NEC. Supplemental oxygen at 36 weeks PMA was defined as BPD. Stage 3 

retinopathy of prematurity or greater with “plus” disease was recorded as severe retinopathy 

of prematurity. Death after 36 weeks PMA was defined as “late.”

Neurodevelopmental Follow-Up of Infants Surviving to 36 Weeks PMA

The primary outcome variable was a combination of the competing outcomes of late death 

(death after 36 weeks but before neurodevelopmental assessment) or NDI. NDI was assessed 

in surviving infants at 18–26 months corrected age by standardized history, neuromotor 

examinations, and Bayley Scales of Infant Development testing. NDI definition included 1 

or more of the following: disabling cerebral palsy with Gross Motor Function Classification 

System level ≥2; Mental Developmental Index score <70 or Psychomotor Developmental 

Index score <70 while using Bayley II; Cognitive score <85 while using Bayley III; Bayley 

III Motor score <85 in infants followed on or after 1/1/2010; bilateral visual impairment 

(vision <20/200), or bilateral permanent severe hearing loss. Developmental testing and 

neurologic examination was done by trained and certified examiners.
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Statistical Analyses

Demographic characteristics of each cohort were compared using descriptive statistics. 

Frequencies and percentages, based on nonmissing responses, were reported for categorical 

variables with differences between the groups tested for using χ2 and Fisher exact tests. The 

Student t test was used to compare continuous variables. Comparisons were performed for 

the 4 groups: (1) no cystic periventricular leukomalacia on any screening cranial imaging; 

(2) “disappeared” cystic periventricular leukomalacia; (3) “persistent” cystic periventricular 

leukomalacia; and (4) “late” cystic periventricular leukomalacia. A P value of <.05 was 

considered significant.

A logistic regression model identified the variables which were independently associated 

with the outcome of NDI. The model was created using variables that are known to affect 

neurodevelopmental outcome as reported by Broitman et al7: antenatal steroids, 

chorioamnionitis (histologic or clinical), male sex, GA, race, maternal education status, 

bilateral presence of blood or echodensity in the ventricles or parenchyma (using screening 

cranial ultrasonography results within the first 28 days), late-onset sepsis, medical or 

surgical NEC, and BPD. “Disappeared” cystic periventricular leukomalacia, “persistent” 

cystic periventricular leukomalacia, and “late” cystic periventricular leukomalacia were also 

included in the logistic regression model. All infants surviving beyond 36 weeks PMA were 

included in the regression analysis, which was modeled for the outcome of NDI. NRN center 

was also adjusted for the model. SAS statistical software v 9.4 (SAS Institute, Cary, North 

Carolina) was used for statistical analyses.

Results

Between January 2002 and December 2012, 32 933 preterm infants were entered in the 

GDB. As seen in the Figure, 433 (6.1%) of the 7063 infants who met the inclusion criteria 

were noted to have cystic periventricular leukomalacia on screening cranial imaging; 76 at 

<28 days CA only, 270 at 36 weeks PMA only, and another 87 at both times. The median 

(IQR, 25th and 75th percentile) PMA at screening cranial imaging recorded for closet to 36 

weeks study was 35 weeks 2 days (31 weeks 3 days, 36 weeks 6 days). The “disappeared” 

cystic periventricular leukomalacia group included the 76 infants with cystic periventricular 

leukomalacia visible at <28 days CA (ie, 17.6% of the total 433 cystic periventricular 

leukomalacia cases) but no longer seen on repeat screening imaging close to 36 weeks PMA. 

Infants with “disappeared” cystic periventricular leukomalacia were more often preterm; 

received prenatal steroids less frequently; had an Apgar score of <4 at 5 minutes more often; 

had higher incidence of blood in ventricles or in parenchyma, BPD, or porencephalic cyst; 

and received postnatal steroids less frequently compared with the infants with no cystic 

periventricular leukomalacia (Table I).

The demographic, perinatal, and clinical characteristics were similar between the 

“disappeared” and “persistent” cystic periventricular leukomalacia groups except that the 

infants with “disappeared” cystic periventricular leukomalacia were more preterm (P = .03, 

OR 0.69, 95% CI 0.50–0.96), had blood in ventricles or in parenchyma more often (P = .04, 

OR 2.37, 95% CI 1.01–5.55), and received postnatal steroid less often (P = .03, OR 0.38, 

95% CI 0.16–0.91). However, as seen in Table I, all the characteristics except the birth 
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weight were similar between the “persistent” and “late” cystic periventricular leukomalacia 

groups.

Loss to follow-up was 8%, 3%, 13%, and 8%, respectively, in the no cystic periventricular 

leukomalacia, disappeared, persisted, and late cystic periventricular leukomalacia groups. As 

seen in Table II, the primary composite outcome of late death or NDI was more common in 

infants with “disappeared” cystic periventricular leukomalacia compared with infants with 

no cystic periventricular leukomalacia (38 of 72 or 53% vs 1776 of 6376 or 28%; P < .01, 

OR 2.89, 95% CI 1.82–4.61); however, among all infants with any cystic periventricular 

leukomalacia, the incidence of the composite primary outcome did not differ between the 

infants with “disappeared” cystic periventricular leukomalacia and “persistent” cystic 

periventricular leukomalacia (P = .74), or between the infants with “disappeared” cystic 

periventricular leukomalacia and those infants who had cystic periventricular leukomalacia 

detected only on the 36 week cranial imaging (Table II). Detailed description of components 

of NDI are also shown in Table II.

Logistic regression analyses identified all the cystic periventricular leukomalacia subtypes 

(disappeared, persistent, or late) on screening cranial imaging were each independently 

associated with an increased risk of NDI (Table III).

Discussion

The neuroimaging technique of choice for routine screening of cystic periventricular 

leukomalacia in preterm extremely low birth weight newborns is still cranial 

ultrasonography.1 Detection of cystic periventricular leukomalacia on cranial 

ultrasonography correlates well with neuropathology8,9 and is the best ultrasonography 

marker for predicting cerebral palsy among preterm extremely low birth weight infants.10 

Such cerebral palsy is related to the position of cystic periventricular leukomalacia 

(periventricular regions dorsal and lateral to the external angle of the lateral ventricle) in the 

regions that are occupied by motor, somatosensory, callosal, and associative fiber tracts.11 

Prior investigations have examined the neurodevelopment of preterm infants based on 

characteristics of cystic periventricular leukomalacia such as location of the lesion, number 

of lesions, and size of the lesion.12 This study, which is a follow-up analysis to a prior work,
6 addressed a unique feature, the transient nature of some of the cystic periventricular 

leukomalacia lesions and the impact on outcome. In a large cohort of preterm infants ≤26 

weeks PMA with cystic periventricular leukomalacia, we noted that almost 1 in 6 cases of 

cystic periventricular leukomalacia seen on an earlier cranial ultrasonography disappeared 

by the time the later screening cranial imaging study was obtained. We also report that these 

lesions, although transient, are harbingers of adverse outcome including neurodevelopmental 

deficits. In this study, consistent with our hypothesis, death or NDI was more frequent 

among infants whose cystic periventricular leukomalacia disappeared compared with those 

who never had cystic periventricular leukomalacia. Furthermore, cystic periventricular 

leukomalacia detected at any time was independently associated with NDI, regardless of 

whether cysts disappeared, persisted, or appeared late.
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This study has a potential policy implication for schedules of surveillance cranial imaging 

given the prognostic importance of disappearing cystic periventricular leukomalacia for 

NDI. The American Academy of Neurology and the Child Neurology Society recommend 

that late screening cranial ultrasonography should be “optimally” done “at 36 to 40 weeks’ 

postmenstrual age.”1 This recommendation is “designed to detect evidence for 

periventricular leukomalacia and/or ventriculomegaly, which are useful for prognosis and 

best seen when the infants are examined at term.” Contrary to the recommendation by the 

American Academy of Neurology and the Child Neurology Society, the finding of the 

present study and other previous reports5,6,10 demonstrating some cases of cystic 

periventricular leukomalacia disappearing on repeat screening imaging close to 36 weeks 

stresses once more the importance of sequential late screening neuroimaging to capture 

additional cases of cystic periventricular leukomalacia. Similar observations have been made 

recently by Martinez-Biarge et al based on sequential MRI in infants with nonhemorrhagic 

white matter injury.13

Although the overall incidence of cystic periventricular leukomalacia was low, access to the 

large NICHD NRN database to test our hypothesis was a strength for this study. The absence 

of a central cranial ultrasonography reader and lack of reporting of the neuroimaging 

findings in a standardized format across centers were potential limitations. However, a 

previous report from the NRN comparing local and central cranial ultrasonography 

interpretations indicated that the diagnosis of major cranial ultrasonography findings, 

especially cystic periventricular leukomalacia, is reliable (kappa for grade 3/4 

intraventricular hemorrhage or periventricular leukomalacia was 0.81).14

We acknowledge that NRN sites perform multiple cranial ultrasonography as part of usual 

care and different centers have varying schedules of cranial ultrasonography surveillance, 

which may contribute to center differences in cranial ultrasonography ascertainment. 

However, this should have limited impact on the results because our analysis was adjusted 

for NRN center. Our results also included only the infants who survived beyond 36 weeks 

PMA to have cranial imaging at both of the 2 time points. Furthermore, we compared cranial 

ultrasonography at <28 days to any late cranial imaging modality (although cranial 

ultrasonography constituted majority of the late images done close to 36 weeks PMA) 

despite the fact that cranial ultrasonography, MRI, and CT scan have different diagnostic 

accuracy for white matter abnormalities. The transition from the Bayley II to III for follow-

up evaluations was also a concern because Bayley Scales of Infant Development III Motor 

Composite threshold of 85 likely overstates disability.15 Similarly, the transition from 18–22 

months to 22–26 months corrected age follow-up assessments during the study period could 

impact neurodevelopmental testing results. Nevertheless, this study extends the observations 

from our previous report demonstrating that infants in whom cystic periventricular 

leukomalacia is no longer apparent around 36 weeks PMA share the same level of 

neurodevelopmental risks as infants whose cystic periventricular leukomalacia is still readily 

apparent at 36 weeks PMA. ■
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Figure. 
Study sample.
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Table III.

Logistic regression model for NDI

Characteristics OR (95% CI) P value

Antenatal steroids 0.97 (0.91,1.04) .38

Chorioamnionitis
* 0.99 (0.94,1.03) .59

Less than high school
† 1.07 (1.01,1.13) .02

Male 1.11 (1.06,1.16) <.01

Black 0.96(0.87,1.07) .49

White 1.00(0.91,1.10) .98

GA
0.95

‡
 (0.93,0.98)

<.01

ICH
§ 1.15 (1.09,1.20) <.01

Late onset sepsis 1.05 (1.00,1.10) .05

NEC 1.13 (1.05,1.21) <.01

BPD 1.16(1.10,1.22) <.01

Disappearing cystic periventricular leukomalacia 1.17 (1.04,1.31) .01

Persistent cystic periventricular leukomalacia 1.21 (1.06,1.37) <.01

Late cystic periventricular leukomalacia 1.16 (1.06,1.27) <.01

Model adjusted for center.

*
Chorioamnionitis defined as clinical or histologic.

†
Less than high school- defined as anyone who had education up to 12th grade but did not graduate.

‡
OR for each additional week of GA.

§
Blood in ventricles or in parenchyma.
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