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Abstract

Aim: To examine associations between the deep medullary vein white matter injury global 

severity scoring system and neurodevelopmental impairment.

Methods: This is a prospective observational cohort study of infants born at ≥32 weeks, 

diagnosed with deep medullary vein thrombosis and infarction on neuroimaging in the first month 

of life. Developmental testing was performed using validated measures for early, preschool and 

school age follow-up.

Results: Nineteen (37%) patients had major neurodevelopmental impairment. Global severity 

score was higher among patients with neurodevelopmental impairment (21.6 vs 13.4, p = .04). 

78% of patients with epilepsy had neurodevelopmental impairment. A greater degree of 

asymmetry with right-sided injury predominance was associated with lower Bayley-III cognitive 

scores and presence of neurodevelopmental impairment (p < .01).

Conclusions: Results suggest a need for targeted clinical surveillance for patients with a high 

global severity score and/or asymmetric, predominantly right cerebral white matter injury and for 

those who develop epilepsy.

INTRODUCTION

Cerebral sinovenous thrombosis is an important cause of morbidity and mortality in 

children, with nearly half of cases occurring in neonates.1,2 Refined neonatal neuroimaging 

protocols, improved MR image quality, and advanced imaging techniques such as 

susceptibility weighted imaging (SWI) allow earlier and more accurate detection of 
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previously under-recognized cerebral deep vein thrombosis and infarction.3 Linear, radially 

oriented, fan-shaped lesions in the periventricular white matter are indicative of deep 

medullary vein (DMV) involvement.4 The characteristic imaging pattern of DMV 

thrombosis and infarction, explained by the anatomic distribution of the white matter venous 

drainage,5,6 has been of increasing concern to clinicians caring for infants and children over 

the past decade.4,5,7 We first developed a DMV white matter injury severity scoring system 

to comprehensively and objectively define brain injury after DMV thrombosis and infarction 

in neonates, to facilitate clinician response in the neonatal period.8 The DMV white matter 

injury global severity score allows stratification of patients by severity of radiologic findings 

at the time of diagnosis and is independent of gestational age and other antenatal risk 

factors.8

Published literature describing outcomes after neonatal cerebral sinovenous thrombosis is 

limited and outcome reports vary widely: 23–79% of patients have adverse neurologic or 

developmental sequelae depending on the study.1,2,9–13 Specific developmental impairment 

is typically related to the location and extent of injury; cognitive, language, neurosensory or 

behavioral problems, cerebral palsy or epilepsy have all been reported.2,9,10,14,15 Given this 

variability in outcomes and populations, many reports publish aggregate 

neurodevelopmental data to communicate outcomes (i.e. normal vs. abnormal neurologic or 

developmental outcomes, or mild, moderate or severe impairment).2,9,13,16 At this time, 

clinical outcome data after DMV pathology in infants are limited.4,7 Evaluating DMV 

characteristics associated with impairments throughout childhood may help direct early 

clinical surveillance following DMV thrombosis and infarction in the neonatal period.

The aim of this study was therefore to examine associations between the published DMV 

white matter injury global severity scoring system in a retrospectively identified cohort, to 

predict prospectively measured neurodevelopmental impairments. We hypothesized that 

infants with higher white matter injury global injury severity scores would have higher rates 

of neurodevelopmental impairment (NDI), even when controlling for gestational age and 

socioeconomic status (SES).

METHODS

Study design and participants

This was a prospective observational cohort design. We retrospectively identified patients 

with a diagnosis of DMV thrombosis and infarction in a pediatric neuroradiology database. 

All subjects were admitted to the neonatal intensive care unit or other hospital unit at our 

institution between 2000 and 2016. Included in the review were infants born at ≥32 weeks of 

gestation, diagnosed with DMV thrombosis and infarction on neuroimaging during the first 

30 days after birth. We excluded infants with congenital central nervous system anomalies or 

major genetic or chromosomal disorders (Figure 1). The electronic medical record was 

reviewed and all pertinent clinical, laboratory, imaging and follow-up data was collected. 

Qualifying patients were invited for prospective neuropsychological testing; the specific 

tests selected were based on the child’s age at the time of testing and to provide the most 

consistent standardized approach. This study was approved by the Nationwide Children’s 

Hospital institutional review board for human research (IRB16–00644). Written informed 
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consent was obtained from a parent or guardian of the participant and verbal assent was 

obtained from the participant when appropriate. Study data were managed using REDCap 

electronic data capture tools (https://www.project-redcap.org) hosted at our institution.17

MR imaging acquisition

All brain MR imaging was obtained at either 1.5T or 3T (Excite HDXT 1.5T and GE Signa 

MR750 3T; GE Healthcare, Milwaukee, Wisconsin; and Magnetom Espree 1.5T and 

Magnetom Skyra 3T; Siemens, Erlangen Germany). Due to the retrospective nature of the 

cohort identification, imaging protocols, sequences, and parameters varied. Scans included a 

combination of T1, T2, T1 FLAIR, DWI, and SWI sequences.

MR imaging assessment

While all scans for all subjects were reviewed, the MRI obtained at the time of initial 

radiologic diagnosis of DMV thrombosis and infarction was used for scoring purposes. A 

previously published standardized scoring system was used to describe the severity of 

cerebral white matter injury after DMV thrombosis and infarction.6

The DMV white matter injury-severity scoring system assigns points for the degree of injury 

for focal lesions within the right and left frontal, parietal, occipital, and temporal lobes, for 

focal infarction within the corpus callosum and for diffuse white matter cerebral edema.8 All 

scores were added to yield a global severity score (0–102 points) with an asymmetry score 

comparing injury severity between right and left hemispheres. Degree of asymmetry was 

calculated as the absolute value of the difference between left and right scores, while the 

predominant side was defined as left if (L-R) value was positive, as right if (L-R) value was 

negative, and as equal if (L-R) value was zero. Two pediatric radiologists independently 

scored the scans and then agreed on the final consensus scoring after review of any 

discrepancies. On a random testing set of the entire sample, initial interrater reliability had 

an intra class coefficient for average measures of 0.802 (two-way mixed effects model). 

After review and consensus of the testing set, with improved specificity of definitions, intra 

class coefficient was >0.990.

Neurodevelopmental outcome assessment measures

The choice of instruments and testing were dictated by two priorities: (1) use of validated 

assessments using standardized scores with a mean of 100 and standard deviation of 15, that 

could be performed in a highly reliable manner by trained examiners (2) continuity of 

constructs throughout infancy and childhood. For these reasons, we chose the Bayley Scales 

of Infant and Toddler Development, Third Edition (Bayley-III) to assess cognitive, motor, 

and language development in children under 30 months. Composite scores for all three 

domains could be obtained from our high-risk infant follow-up clinic, where testers were 

tested for reliability and adherence to standard administration as part of the Neonatal 

Research Network.18 Scores derived included cognitive, motor and language composite 

scores (standardized population mean 100, standard deviation 15).19

Cognitive function in children ≥30 months was assessed via the Wechsler Preschool and 

Primary Scale of Intelligence, Fourth Edition (WPPSI-IV) (ages 2:6 to 6:11)20 or the 
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Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V) (ages 7:0 to 16:11)21 

depending on the child’s age, as these two assessments were designed to have continuity.
22–24 Scores derived included verbal IQ, performance IQ and age-standardized full-scale IQ 

(standardized population mean 100, standard deviation 15). Cerebral palsy diagnosis was 

confirmed through a review of neurological exams and clinic notes, and classified according 

to the Gross Motor Function Classification System25 on the basis of the motor function 

documented at the last visit.

Behavioral and emotional problems were assessed using the Child Behavior Checklist 

(CBCL) completed by the child’s primary caregiver. The CBCL (1 ½−5 year and 6–18 year 

form) is a validated questionnaire, designed to provide continuity in assessment from 18 

months to 18 years.26,27 The CBCL allows screening for internalizing (anxious/depressed, 

withdrawn/depressed, somatic complaints) and externalizing (rule-breaking behavior, 

aggressive behavior) problems corresponding to Diagnostic and Statistical Manual of Mental 

Disorders classifications. Scoring results in calculation of internalizing, externalizing and 

total problem T scores with higher scores indicating a higher level of behavioral problems. A 

T score ≥64 is classified as clinically abnormal, corresponding to a score above the 90th 

percentile for age and gender. Socioeconomic status was represented by the Hollingshead 

Four-Factor Index score, based on report of maternal and paternal occupation, education and 

marital status.28 Primary outcome was the presence of major NDI, defined as any of the 

following: a Bayley-III, WPPSI-IV or WISC-V score more than 2 standard deviations below 

the mean, major hearing impairment (bilateral hearing loss requiring amplification), major 

vision impairment (cortical vision impairment, bilateral visual field loss, bilateral surgical 

correction of visual defect), major language impairment or a diagnosis of cerebral palsy.

Statistical Analysis

Data were summarized using frequencies and percentages for categorical variables and 

means with standard deviations for continuous variables. Two-sample t-tests were used to 

compare differences by NDI status, and Pearson correlations were used to assess 

associations among all continuous study variables. Univariate and multivariable logistic 

regression examined whether global severity score was associated with development of NDI. 

Area under the ROC curve (AUC) values described discriminatory ability of each logistic 

regression model. AUC values range from 0.5 to 1, with values near 0.5 suggesting the 

model is no better random chance at predicting which patients will develop NDI, and values 

near 1.0 suggesting perfect prediction; typically, values above 0.8 are considered to have 

good discriminatory ability. An optimum threshold value for using global severity score to 

predict NDI was calculated using Youden’s J statistic, which simultaneously maximizes the 

sensitivity and specificity of the threshold. Univariate and multivariable linear regression 

studied whether global severity score was associated with each of the other 

neurodevelopmental outcomes with continuous distributions. For all linear regression 

models, R-squared values were used as a measure of goodness of fit and explanatory ability 

of the model; R-squared values range from 0 to 1, with higher values suggesting better 

model fit, and represent the proportion of variability in the outcome that is explained by the 

model. For all multivariable models, gestational age and Hollingshead Score (to represent 

SES) were included as covariates. Evaluation of categorical outcomes other than NDI was 
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not performed due to insufficient effective sample size. All analyses were conducted using 

SAS 9.4 (SAS Institute, Cary, NC) with two-sided p-values <.05 considered statistically 

significant.

RESULTS

Our cohort included 51 patients, 63% were male. Mean gestational age at birth was 37 

weeks (range, 32–41 weeks) with mean birth weight 3182 ± 720g. Neonatal comorbidities 

included encephalopathy (20%), neonatal infection (18%), hypoglycemia (35%) complex 

congenital heart disease (8%), meningitis (8%) and prothrombotic disorders (8%). Infants 

presented on day of life 4.5 ± 5.3 with seizures (55%), apnea (53%), lethargy (49%) and 

poor feeding (35%). The average age at diagnosis of DMV thrombosis or infarction via MR 

imaging was postnatal day 10.1 ± 6.1.

Group level neurodevelopmental outcomes are summarized in Table 1. Current age of cohort 

patients ranged from 2–17 years. Nineteen (37%) patients had major NDI, 8 (16%) had 

language impairment, 2 (4%) had major hearing impairment, 10 (20%) had major vision 

impairment and 10 (20%) had cerebral palsy. Eight (24%) patients had a CBCL total 

problems T score above the risk cutoff (≥64). Similarly, 10 (30%) and 8 (24%) patients had 

CBCL T scores above the risk cutoff on the internalizing and externalizing problem scales 

respectively.

Gestational age, birth weight, SES, neurologic comorbidities, and neuroimaging findings 

were compared between patients with and without neurodevelopmental impairment in Table 

2. Gestational age, birth weight and Hollingshead score (representing SES) were not 

different between groups. Patients who developed epilepsy were more likely to have 

neurodevelopmental impairment (78% of patients with epilepsy had NDI). DMV white 

matter injury global severity scores ranged from 1–53 and were divided into quartiles (1st 

quartile score 1–5; 2nd quartile score 6–11; 3rd quartile score 12–25; 4th quartile score ≥26). 

Representative MR images with corresponding diagrammatic scoring from a patient without 

neurodevelopmental impairment (global severity score 11, 2nd quartile) and a patient with 

neurodevelopmental impairment (global severity score 25, 3rd quartile) are shown in Figures 

2 and 3 respectively. The global severity score was significantly higher among patients with 

NDI (mean global severity score = 21.6 in patients with NDI vs. 13.4 in patients without 

NDI, p = .04, Table 2). Based on ROC curve analysis, the optimal cut-point of the global 

severity score for differentiating patients who developed NDI versus those who did not was a 

score >16. However, sensitivity, specificity and AUC were 66%, 58% and 0.63 respectively.

Global severity score and degree of asymmetry were positively correlated (r = 0.41, p < .01) 

and patients with any asymmetry had a significantly higher global severity score compared 

to those without asymmetry (median [IQR] = 4 [3–7] vs 18 [10–28], p = .001). White matter 

injury was more commonly asymmetric in patients with NDI (84% asymmetric in patients 

with NDI versus 56% asymmetric in patients without NDI, p = .04). A greater degree of 

asymmetry with right-sided injury predominance (right sided lesions larger and/or more 

severe than left sided lesions) was associated with significantly lower Bayley-III cognitive 

composite scores and presence of NDI (p < .01). On its own, the degree of asymmetry 
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accounted for 30% of the variability in cognitive composite scores. After controlling for 

global severity score, gestational age and SES, right side injury predominance was the only 

variable to remain significantly associated with cognitive composite scores (p = .04).

Table 3 shows unadjusted and adjusted odds of developing NDI. When the DMV white 

matter injury global severity score, SES, gestational age and predominant side of injury were 

considered together in a multivariable model, their combined ability to discriminate NDI 

from non-NDI was good (AUC = 0.82).

DISCUSSION

This is the first study to evaluate long-term neurodevelopmental outcomes in patients with 

neonatal DMV thrombosis and infarction. While lesions attributed to DMV pathology have 

been described in children and neonates4,8,29–31, neurodevelopmental outcome data related 

to DMV pathology exist only in isolated case reports of motor impairment.7 In our cohort of 

patients with neonatal DMV thrombosis and infarction, a higher DMV white matter injury 

global severity score8 was associated with neurodevelopmental impairment. Additionally, 

global severity score and degree of asymmetry were positively correlated, and white matter 

injury was more commonly asymmetric in patients with neurodevelopmental impairment.

Although, the potential max global severity score from the DMV white matter injury-

severity scoring system is 102 points, the max score in our cohort was 53 (median 11, 

interquartile range [25th-75th percentile], 5–25).8 In our previous work, we compared 

regional white matter injury scores and determined that the occipital white matter and white 

matter cerebral edema scores were not significantly different among quartiles and therefore 

do not meaningfully impact the global severity score.8 Scores for all other regions (corpus 

callosum, right and left frontal, parietal and temporal regions) were significantly different 

among quartiles.8 This lesional distribution concentrated in the frontoparietal area may 

explain the narrow range of scores in our cohort and a modified, simpler score that excludes 

occipital and white matter cerebral edema scores might be considered in future studies.

In our cohort, a higher global severity score, indicating more severe brain injury, was 

associated with neurodevelopmental impairment. This is consistent with other forms of 

neonatal brain injury (hypoxic-ischemic encephalopathy, intraventricular hemorrhage) in 

which severity of injury on MRI corresponds with likelihood of NDI.32–37 This report serves 

to validate the white matter injury global severity scoring system for DMV thrombosis and 

infarction. Not only does a higher global severity score indicate more severe injury as 

visualized on MRI in the neonatal period but it predicts later outcomes with a higher global 

severity score associated with neurodevelopmental impairment. Furthermore, analyses 

indicate that a global severity score of 16 is an optimal cut point to identify infants at higher 

risk for long-term neurodevelopmental impairment. Infants with a global severity score 

higher than 16 should be most closely monitored for neurodevelopmental delays and 

referred for early intervention if indicated. However, due to moderate sensitivity and 

specificity of the model, as well as variability among this population, heighted surveillance 

for developmental delays of infants with a global severity score below 16 is still 

recommended.
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In children and neonates with cerebral sinovenous thrombosis, morbidity and mortality often 

depend on the extent and localization of thrombosis and associated cerebral parenchymal 

lesions.1,2,9 Published reports of NDI after sinovenous thrombosis range from 23–79% of 

patients having adverse neurologic or developmental sequale.1,2,9–11 Overall, 37% of our 

cohort with neonatal DMV thrombosis and infarction had NDI, consistent with these 

previous reports.

Predictors of worse neurologic outcome in other studies of perinatal stroke include 

concurrent neurological comorbidity (hypoxic-ischemic encephalopathy, meningitis) at 

diagnosis and subsequent development of epilepsy.2,38–41 In our cohort, 27% of patients had 

a concurrent neurological comorbidity at diagnosis however, rate of NDI was not increased 

in these patients. In our group however, all cases of meningitis were viral (herpes simplex 

virus, enterovirus) rather than bacterial, perhaps changing its predictive value. Published 

reports estimate the risk of epilepsy after neonatal cerebral sinovenous thrombosis to be 

between 20 and 40%.2,38–41 Eighteen percent of our cohort developed epilepsy and these 

patients had a significantly higher risk of NDI with 78% of the patients diagnosed with 

epilepsy having NDI. In conjunction with others, our results highlight the importance of 

considering neurologic comorbidities to aid in prediction of neurodevelopmental outcome to 

guide appropriate follow-up.

The predominant side of injury in our cohort with DMV thrombosis and infarction, was 

evenly split between left, right and equal (each group with 33% of the cohort). However, 

right cerebral white matter injury predominance was associated with significantly lower 

cognitive performance. This is consistent with some reports of the differential effects of left 

and right brain injury on intelligence, particularly that seen after adult unilateral stroke.42–44 

In comparison, perinatal stroke in term infants has a left-side predominance.14 Yet, reported 

lateralized cognitive deficits after perinatal or childhood stroke are inconsistent, as the 

outcomes of perinatal stroke are largely dependent on the specific location (cortical, 

subcortical or combined) affected structures and lesion severity.15,43,45–48 Interestingly, 

degree of asymmetry accounted for approximately 30% of the variance in cognitive ability 

observed among study participants. This suggests the relationship between asymmetry of 

DMV thrombosis and infarction and cognitive ability needs further explored.

Although this study represents the largest of its kind to date, it is limited by small size and 

retrospective identification of patients for inclusion in the cohort. DMV thrombosis and 

infarction is relatively uncommon but has been recognized with increasing frequency in the 

past decade.4,7,8,30,31 For many of our analyses, lack of statistical significance might be due 

to low statistical power as a result of small effective sample size. This study was limited by 

the retrospective, nonharmonized imaging data. However, all scans were performed at a 

large academic pediatric radiology institution where the MRI physicist works closely with 

the vendors and pediatric neuroradiologists to continually optimize MR protocols on each 

platform. Additionally, the scoring system is relatively simple and can be applied to routine 

MR neuroimaging sequences. Another limitation is the varied age at time of 

neuropsychological assessment. We attempted to control for this variation by choosing 

validated assessments with age-specific standardized scores that could provide continuity 

throughout infancy and childhood. Additionally, having a cohort that included school-age 
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children allowed for assessment of late outcomes beyond the 2-year Bayley-III that is 

standard in many high-risk infant follow-up programs. Finally, follow-up rates varied 

between specific outcome measures, mostly due to current age of cohort patients that 

determined the most appropriate testing modality. Despite this, we were able to obtain 

neurodevelopmental testing for 78% of the cohort.

CONCLUSIONS

The current study supports the white matter injury global severity scoring system for 

prediction of childhood neurodevelopmental outcomes after neonatal DMV thrombosis and 

infarction. A higher white matter injury global severity score after neonatal DMV 

thrombosis and infarction was associated with childhood neurodevelopmental impairment. 

This tool can be used in future research and clinical practice, enabling identification of 

infants at risk of adverse neurodevelopmental outcomes. Given the variability in impacted 

developmental domains, interventions targeted to specific developmental deficits is 

recommended. These results suggest a need for targeted clinical surveillance with 

neurodevelopmental testing and early intervention for patients with a high global severity 

score and/or asymmetric, predominantly right cerebral white matter injury and for those who 

develop epilepsy.
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Figure 1. 
Flow diagram summarizing patients excluded and those included in the final analysis.
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Figure 2. 
(A) Axial DWI, (B) axial T2-weighted, (C) sagittal T1-weighted, and (D) coronal T2-

weighted magnetic resonance images (MRIs) of a 7-day-old male neonate who presented 

with seizures. (E) Global severity score = 11 (second quartile). There are severe right frontal 

(3 points) and severe right parietal (3 points) hemorrhagic linear lesions (T1 bright and T2 

dark) with restricted diffusion (+DWI) (A-C, boxes). There is restricted diffusion throughout 

the corpus callosum (genu shown, A, circle) (3 points) and asymmetric, bilateral white 

matter edema, R > L (D, arrows) (2 points). Neuropsychological testing was normal at 8 

years of age, and the patient had no major neurodevelopmental or neurosensory impairment. 

DWI, diffusion-weighted imaging; R, right; L, left; WM, white matter.
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Figure 3. 
(A, B) Coronal T2-weighted, (C) axial T2-weighted, and (D) sagittal T1-weighted magnetic 

resonance images (MRIs) of a 9-day-old male neonate who presented with fever, lethargy, 

poor feeding, and respiratory failure. The global severity score was 25 (third quartile) (E). 

There are right frontal (severe punctate, 3 points, and mild linear, 1 point), right parietal 

(severe punctate, 3 points, and mild linear, 1 point), left frontal (severe punctate, 3 points), 

and left parietal (severe punctate, 3 points, and mild linear, 1 point) hemorrhagic T2 dark 

lesions (A-C, boxes). There are bilateral, symmetric, hemorrhagic T1 bright temporal lobe 

(severe punctate, 3 points each) lesions (right shown, D, circle). There is restriction diffusion 

in the splenium of the corpus callosum (not shown, 1 point). There is bilateral diffuse 

increased cerebral white matter T2 signal of edema (A, arrows) (3 points). 

Neuropsychological testing at 4.5 years revealed a full-scale IQ of 69 (>2 SDs below the 

mean) corresponding to neurodevelopmental impairment. R, right; L, left; WM, white 

matter.
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Table 1:

Cohort neurodevelopmental outcomes

Variable Test n (total cohort = 51)

Cognitive

FSIQ composite score 
a
, mean ± SD

26 82.6 ± 24.2

FSIQ composite score 
a
 <70, n (%)

26 6 (23)

Bayley-III cognitive composite, mean ± SD 28 91.3 ± 24.9

Bayley-III cognitive composite <70, n (%) 28 3 (11)

Behavioral

CBCL total problems T score 
b
 ≥64, n (%)

33 8 (24)

CBCL internalizing T score 
b
 ≥64, n (%)

33 11 (22)

CBCL externalizing T score 
b
 ≥64, n (%)

33 8 (24)

Major behavioral diagnosis 
c
, n (%)

51 11 (22)

Motor

Bayley-III motor composite, mean ± SD 29 89.8 ± 24.3

Bayley-III motor composite <70, n (%) 29 4 (14)

Cerebral palsy, n (%) 51 10 (20)

Language

Bayley-III language composite, mean ± SD 25 92 ± 14.9

Bayley-III language composite <70, n (%) 25 2 (8)

Major language impairment 51 8 (16)

Other impairments

Epilepsy, n (%) 51 9 (18)

Major hearing impairment, n (%) 51 2 (4)

Major vision impairment, n (%) 51 10 (20)

NDI 
d
, n (%)

51 19 (37)

a
Full Scale IQ assessed by WPPSI-IV or WISC-V depending on child’s age, score <70 corresponds to more than 2 SD below the mean

b
CBCL total problems, internalizing and externalizing T scores ≥64 considered clinically abnormal (above 90th percentile)

c
Major behavioral diagnosis defined as ADHD, ASD, PDD, mood disorders, other

d
NDI defined as any of the following: Bayley-III, WPPSI-IV or WISC-V score >2 SD below the mean (i.e. score <70 on any domain), major 

hearing impairment, major vision impairment, major language impairment or a diagnosis of cerebral palsy

ADHD, attention-deficit hyperactivity disorder; ASD, autism spectrum disorder; Bayley-III, Bayley Scales of Infant and Toddler Development, 
Third Edition; CBCL, Child Behavior Checklist; FSIQ, full-scale IQ; NDI, neurodevelopmental impairment; PDD, pervasive developmental 
disorder; SD, standard deviation; WISC-V, Wechsler Intelligence Scale for Children, Fifth Edition; WPPSI-IV, Wechsler Preschool and Primary 
Scale of Intelligence, Fourth Edition
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Table 2.

Comparison of patients with and without neurodevelopmental impairment

Total (n=51) No NDI (n=32) NDI (n=19)

Mean ± SD or N (%) Mean ± SD or N (%) Mean ± SD or N (%) P value

Gestational age, weeks 37.3 ± 2.2 37.5 ± 2.2 37 ± 2 .37

Birth weight, g 3182 ± 720 3279 ± 643 3029 ± 822 .24

Hollingshead total score 40.9 ± 13.9 42.7 ± 14.5 38.2 ± 13 .37

Neurologic comorbidity 
a 14 (27) 9 (28) 5 (26) .89

Epilepsy 9 (18) 2 (6) 7 (37) .009

GSS 16.5 ± 14 13.4 ± 12.1 21.6 ± 15.6 .04

GSS 3rd & 4th quartile 
b 24 (47) 12 (38) 12 (63) .08

Predominant side of injury 
c .10

Left 17 (33) 10 (31) 7 (37)

Right 17 (33) 8 (25) 9 (47)

Equal 17 (33) 14 (44) 3 (16)

Degree of asymmetry 
d 2.2 ± 2.6 1.6 ± 1.9 3.1 ± 3.4 .09

a
Neurologic comorbidity at diagnosis of DMV thrombosis/infarction defined as HIE and/or meningitis

b
3rd & 4th quartile corresponds to GSS 12–25 and ≥26 respectively

c
Predominant side of injury was defined as left if (L-R) value was positive, as right if (L-R) value was negative, and as equal if (L-R) value was 

zero.

d
Degree of asymmetry was calculated as the absolute value of the difference between left and right scores

DMV, deep medullary veins; g, grams; GSS, global severity score; HIE, hypoxic-ischemic encephalopathy; L, left; NDI, neurodevelopmental 
impairment; R, right; SD, standard deviation
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Table 3.

Unadjusted and adjusted odds of neurodevelopmental impairment and multivariable model

Univariate Multivariable Model 
a

Unadjusted OR (95% CI) P value Variable AUC Adjusted OR (95% CI) P value
Model 
AUC

GSS 1.04 (1.0–1.1) .048 0.66 1.03 (1.0–1.1) .33 0.82

4th quartile GSS (≥26) 2 (0.5–0.7) .30 0.56

Degree asymmetry 1.3 (1.0–1.6) .07 0.65

Predominant side of injury 
b

Left 3.3 (0.7–15.8) .14 2.6 (0.3–23.4) .40

Equal 0.67

Right 5.3 (1.1–25.2) .04 7.3 (0–7.3) .09

Hollingshead score 1.0 (0.9–1.0) .36 0.60 1.0 (0.9–1.1) .59

Gestational age 0.9 (0.7–1.2) .35 0.61 0.9 (0.7–1.3) .71

Birth weight 1.0 (0.9–1.0) .24 0.61

a
Model was adjusted for GSS, SES, GA and predominant side of injury

b
Predominant side of injury was defined as left if (L-R) value was positive, as right if (L-R) value was negative, and as equal if (L-R) value was 

zero.

AUC, area under the curve; GA, gestational age; GSS, global severity score; OR, odds ratio; SES, socioeconomic status
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