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Abstract

BACKGROUND & PURPOSE—Perinatal hemorrhagic stroke in late preterm and term neonates 

is understudied. We describe 2-month and 2-year neurological outcomes in a prospective cohort.

METHODS—Neonates ≥36 weeks’ gestation with spontaneous hemorrhagic stroke (parenchymal 

and intraventricular) presenting at ≤28 days of age were enrolled between 03/2007 and 05/2015 at 

three tertiary pediatric centers. Hemorrhagic transformation of arterial ischemic stroke or cerebral 

sinovenous thrombosis was excluded. The Pediatric Stroke Outcome Measure (PSOM) assessed 

outcomes. Wilcoxon signed-rank tests evaluated change over time.

FINDINGS—Twenty-six neonates were included (median age: 1 day, IQR 0–16; median 

gestational age: 38.3 weeks, IQR 37.0–39.0). Hemorrhage was isolated intraventricular in 7 

(27%), isolated intraparenchymal in 6 (23%), and a combination in 10 (39%). Three neonates 

(12%) died during hospitalization; one died later due to cardiac disease. Among 22 survivors, 

outcomes were assessed at a median of 2.1 months (IQR 1.7–3.3) in 96% and 1.9 years (IQR 1.3–

2.0) in 73%. Median PSOM scores were 0.0 (IQR 0.0–1.0) and 0.25 (IQR 0.0–1.3), respectively. 

At 2 years, 45% of patients had no or non-impairing deficits (PSOM <1.0), 30% had mild (PSOM 

1.0–2.0), and 5% had moderate deficits (PSOM 2.5–4.5). Over time, 31% worsened and 6% 

improved. Although total PSOM scores did not change significantly (p=0.08), language sub-scores 

worsened (p=0.009). No child developed epilepsy.

CONCLUSIONS—Perinatal hemorrhagic stroke survivors had favorable outcomes in early 

childhood; at 2 years moderate-severe deficits occurred in 5%. Language deficits may emerge over 

time, warranting close follow-up.
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Introduction

Perinatal stroke is a common cause of lifelong neurologic morbidity in late preterm and term 

neonates, with an estimated overall incidence of 1 in 2200–2800 live births1,2. Recent data 

suggest that perinatal hemorrhagic stroke may be more common than previously thought, 

with reported incidences between 1 in 6000–9000 live births2,3. Although of comparable 

incidence to perinatal arterial ischemic stroke (1 in 2300–5000 live births), perinatal 

hemorrhagic stroke is understudied and comparatively little is understood about its risk 

factors, etiologies, and outcomes4. While IVH in premature neonates originates from a 

fragile germinal matrix, the mechanisms responsible for late preterm and term hemorrhagic 

strokes remain unclear. Over two thirds of cases are consistently described as idiopathic in 

cohort studies despite extensive evaluations1,2.

To date, studies have largely focused on elucidating clinical presentation and risk factors, 

which include fetal distress, post-maturity, congenital heart disease, and bleeding 

diatheses1,5. Recently, one population-based nested case-control study further identified 

lower maternal age, primiparity, prior spontaneous abortion, difficult transition, and small 

for gestational age as risk factors for idiopathic perinatal hemorrhagic stroke, suggesting a 

multifactorial etiology2. Although a few larger population-based cohort studies have been 

published1,2, outcomes after perinatal hemorrhagic stroke have mostly been described in 

small retrospective cohorts6–8. Additionally, the wide follow-up ranges within many studies 

(several months up to a couple decades for different individuals within the same cohort) 

makes interpretation of outcome data across development challenging. While some 

retrospective studies have reported poor outcomes in over 40%, one prospective study of 

perinatal hemorrhagic stroke noted that, despite the significant mortality rate (20%), only a 

minority of the cohort experienced moderate or severe deficits at a median of 1 year9.

Overall our understanding of perinatal hemorrhagic stroke outcomes and how neurological 

function changes over time remain limited, posing challenges to the study of novel 

interventions in this population as well as to effective counseling of parents and caregivers. 

The aims of this prospective multicenter cohort study were to describe early outcome 

trajectories of spontaneous perinatal hemorrhagic stroke and to identify the distribution of 

deficits across neurologic domains over time.

Materials & Methods

Case Identification

Neonates ≥36 weeks’ gestation at birth with spontaneous hemorrhagic stroke 

(intraparenchymal or intraventricular hemorrhage), presenting at ≤28 days of life between 

March 2007 and May 2015 were enrolled prospectively at three pediatric tertiary care 

centers (Monroe Carell Jr. Hospital at Vanderbilt, Children’s Hospital of Philadelphia, Johns 
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Hopkins Children’s Center). All cases were confirmed by computed tomography (CT) or 

magnetic resonance imaging (MRI). Exclusion criteria were known trauma, isolated 

subdural, epidural, or subarachnoid hemorrhage, and hemorrhagic transformation of arterial 

ischemic stroke, cerebral venous sinus thrombosis, or hypoxic ischemic encephalopathy. 

Identification of cases was aided by prior implementation of a stroke protocol at each 

institution and strong relationships between neurology, neonatology, and neurosurgery 

departments at all participating institutions. Families were approached for consent and 

enrollment during the initial hospitalization or at the infant’s first follow-up. Institutional 

Review Board Approval was obtained at each site.

Clinical Data

Data collected from the initial hospitalization included demographics, maternal and birth 

history, clinical presentation, laboratory studies, neuroimaging results, and interventions. 

Study pediatric neurologists reviewed original neuroimaging as well as reports to determine 

hemorrhage characteristics and etiology using all available clinical, neuroimaging, and 

surgical data, if applicable. Hemorrhage volume was estimated and reported as a percentage 

of total brain volume (TBV) as described previously10. Serial imaging and review at 

pediatric neurovascular conferences at each institution was performed at the discretion of the 

treating pediatric neurologist and used to refine final etiology classification. Given the 

observational nature of the study, diagnostic and treatment choices were made by the 

treatment team; however, a common approach for evaluation at initial presentation as well as 

during follow-up is described in the Supplement. De-identified data were compiled into a 

single data collection tool shared across institutions in Research Electronic Data Capture 

(REDCap)11.

Outcome Assessment

Outcomes were assessed at pediatric stroke clinic visits at 2 months and 2 years using the 

Pediatric Stroke Outcome Measure (PSOM), a standardized composite score of neurologic 

function developed for pediatric ischemic stroke previously used in both prospective and 

retrospective studies of perinatal and pediatric hemorrhagic stroke12,13. Five domains (right 

and left sensorimotor, expressive and receptive language, and cognitive/behavioral) are each 

assigned a score between 0 and 2 representing increasingly severe functional impairment. 

Domain scores are then added for a total score (range 0 [no deficit] to 10 [maximum 

deficit)])14. Outcome status was dichotomized as “good” if total PSOM score was <1.0, 

corresponding to either complete recovery or at most a mild deficit in a single domain not 

impacting function, or “poor” if total PSOM score was ≥1.0 or if the patient died. This 

dichotomization has been used by other groups studying perinatal hemorrhagic stroke15. 

Outcomes were also categorized at a more granular level to describe the level of neurologic 

function: no or non-impairing deficits (PSOM<1.0), mild deficits (PSOM 1.0–2.0), moderate 

deficits (PSOM 2.5–4.5), and severe deficits (PSOM 5.0–10.0, including death). Sub-scores 

were tracked to examine domain-specific deficits and their relative trajectories over time. 

For the purpose of analysis, right and left sensorimotor sub-scores and expressive and 

receptive language sub-scores were combined, ultimately leading to three sub-score 

measures: sensorimotor combined, language combined, and cognitive/behavioral. Outcomes 

were also assessed qualitatively via assessment of rehabilitative service use as well as a short 
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parent survey regarding the child’s functional recovery15. Subgroup analyses were 

performed in children who died during the initial hospitalization and in a subset of children 

with longer follow-up (3.5–5.5 years post-hemorrhage).

Statistical Analyses

Descriptive statistics including frequencies with percentages and median with interquartile 

ranges (IQR) were used for categorical and continuous variables, respectively. Wilcoxon 

signed-rank tests were used to compare mean PSOM scores over time. Associations between 

possible predictors of poor outcome or of death were evaluated with exact logistic regression 

or Fisher exact tests. Unpaired student t-tests were used to compare means between neonates 

who died during the initial hospitalization and those who did not. All statistical analyses 

were conducted in STATA 15.0 (StataCorp College Station, TX, USA).

Results

Cohort Characteristics & Clinical Presentation

Twenty-six neonates met inclusion criteria, with a median age at presentation of 1 day (IQR 

0.0–3.6) and estimated gestational age of 39.1 (IQR 38.3–40.0) weeks. Clinical presentation 

and outcomes of 14 of these 26 were previously reported at a median of 1 year9. Table 1 

summarizes demographic, obstetric, birth history, known precipitating factors, and clinical 

presentation data. Seventeen neonates (65%) were male, and 23 (88%) were Caucasian. 

Obstetric history was available for only 18 cases due to hospital transfers or lack of prenatal 

care, with a notable proportion of pregnancies complicated by maternal hypertension (23%), 

tobacco use (27%), or recreational drug use (23%). Most deliveries were uncomplicated 

vaginal deliveries (18/26, 70%), with induction in half of these. Only a single case was an 

assisted delivery (1/26, 3.9%). Median 1- and 5-minute Apgar scores were known for 20 

neonates and were 8 (IQR 7–8) and 9 (IQR 9–9), respectively. Perinatal distress was 

observed in 10 of the 22 cases in which this information was available (45%). Seizure was 

the most common presenting sign (58%), followed by apnea (38%), abnormal level of 

consciousness (27%), and abnormal tone (27%).

Neuroimaging Data & Etiology

Table 2 summarizes neuroimaging data, treatment received, and hospital course. 

Hemorrhage was isolated intraventricular in 8 neonates (31%), isolated parenchymal in 6 

(23%), a combination of parenchymal and intraventricular in 10 (39%), and a combination 

of parenchymal and subarachnoid in 2 (8%). Hemorrhage was supratentorial in nearly all 

cases (96%). Intraparenchymal hemorrhages were located in the thalamus (2), basal ganglia 

(5), cerebellum (1), and cerebral hemispheres (13; frontal lobe in 3, temporal lobe in 2, 

parietal lobe in 4, occipital in 4). Hemorrhage volume could be confidently calculated in 16 

cases (89% of cases with intraparenchymal hemorrhage). Of these, hemorrhage volume was 

<2% of TBV in 11, 2–4% of TBV in 1, and ≥4% of TBV in 4. Six cases of IVH originated 

from the choroid plexus or germinal matrix. Vascular imaging was performed during the 

acute hospitalization in 21 cases (81%). Nine underwent both magnetic resonance 

angiography (MRA) and venography (MRV) (35%), 7 had MRA only (27%), 3 MRV only 

(12%), 1 had CT angiogram (4%), and 1 had conventional angiography (4%). No vascular 
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lesions were identified via initial imaging; autopsy of one neonate revealed abnormal vessels 

in the territory of the parenchymal hemorrhage, possibly a diffuse telangiectasia or 

cavernoma, but definitive lesion characterization remained challenging. Follow-up vascular 

imaging was obtained in 8 survivors (36%) and was unrevealing in all except one who 

underwent conventional angiography due to persisting concern for a vascular lesion on MRI. 

Review in a multispecialty pediatric vascular conference confirmed no arterial vascular 

abnormalities and ultimately cavernoma was felt to be the cause of the hemorrhage.

Bleeding diatheses caused hemorrhage in 9 patients (35%). Three had hemorrhagic disease 

of the newborn due to vitamin K refusal, 1 had neonatal alloimmune thrombocytopenia, 2 

had mild thrombocytopenia in the context of sepsis, one of which was complicated by a 

renal artery thrombus requiring thrombolytic therapy, 1 had isolated mild thrombocytopenia, 

1 was anticoagulated in the setting of post-surgical extracorporeal membrane oxygenation, 

and 1 had von Willebrand Factor deficiency. Four neonates had congenital heart disease 

(15%), 2 of whom had recently undergone repair. Supplemental Table 1 summarizes the 

cardiac and anticoagulation history of these neonates. A clear etiology could not be 

determined in the remaining 10 cases (42%) despite careful imaging review. In 2 of the 5 

newborns in whom vascular imaging was not obtained, imaging suggested a clear choroid 

plexus or germinal matrix hemorrhage. Hematologic abnormalities were present in 2 others 

(severe thrombocytopenia with platelets of 9,000 due to sepsis in one, INR of 1.7 and PTT 

51 in the setting of vitamin K refusal in the other). Finally, etiology remained idiopathic in a 

newborn with unrepaired congenital heart disease in whom support was withdrawn 

following the development of cardiac failure superimposed on renal failure.

Treatment & Hospital Outcome

Acute life-threatening increased intracranial pressure requiring medical or surgical treatment 

occurred in 3 cases (12%). Sixteen patients were treated with antiseizure medications (62%), 

monotherapy in 14, 2 critically ill neonates required 5 medications. Monotherapy was with 

phenobarbital in 13 and levetiracetam in 1. Median hospital length of stay was 11 days (IQR 

7–18); median length of intensive care unit was 7 days (IQR 6–13). Perinatal hemorrhagic 

stroke was identified as the primary cause of death in 1 neonate and contributed to the 

decision to withdraw care in 2 neonates with medical comorbidities. A fourth child with a 

history of congenital heart disease died prior to the 1-year follow-up visit due to underlying 

cardiac disease.

Neurologic Outcomes

Twenty-two of the 23 survivors (96%) were evaluated at pediatric stroke clinics at a median 

of 2.1 months (IQR 1.7–3.3). Sixteen of the 22 patients alive at 2 years (73%) were 

evaluated at a median of 1.9 years (IQR 1.3–2.0).

At 2-month follow-up, the median total PSOM was 0 (IQR 0.0–1.0) (Table 2). Neurologic 

outcome was poor (total PSOM ≥1.0) in 7 infants in addition to the 3 neonates who died 

during the initial hospitalization (10/25, 40%). Overall, 15 (60%) had no or non-impairing 

deficits (PSOM <1.0), 7 (28%) had mild deficits (PSOM 1.0–2.0), and no patient had 

moderate or severe deficits (PSOM 2.5–10). At 2-year follow-up, the median total PSOM 
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among survivors was 0.25 (IQR 0.0–1.3). Neurologic outcome was poor (total PSOM ≥1.0) 

in 7 in addition to the 4 who died during hospitalization or in the follow-up period (11/20, 

55%). Overall, 9 (45%) had no or non-impairing deficits (PSOM <1.0), 6 (30%) had mild 

deficits (PSOM 1.0–2.0), and 1 (5%) had moderate deficits (PSOM 2.5–4.5). Figure 1 

illustrates the distribution of PSOM scores at 2 months and 2 years. In univariable analyses, 

poor outcome was inversely associated with estimated gestational age (OR 0.4, 95% CI 0.1–

1.0, p=0.04) as well as with birth weight (OR 0.06, 95% CI 0.002–0.9, p=0.04). No 

associations with demographic, maternal, obstetric, precipitating, clinical presentation, or 

treatment factors were present.

PSOM scores were compared between the two time points in 16 patients. While median total 

PSOM score did not significantly increase over time (p=0.08), language combined sub-

scores worsened in 44% (p=0.009). Sensorimotor combined and cognitive/behavioral sub-

scores remained stable (69% and 88%, respectively). Over time, 31% of patients had more 

deficits compared to improvement in 6%. Direction of change for both the overall PSOM 

score as well as sub-scores is illustrated in Supplemental Figure 1. Supplemental Figure 2 

further illustrates shift in PSOM scores over time.

Qualitative Outcomes

There were no recurrent hemorrhages at 2 months or 2 years. None of the 22 infants 

experienced seizures by the 2-month follow-up, but 50% remained on an antiseizure 

medication (phenobarbital monotherapy in 9/11, levetiracetam monotherapy in 2/11). Fifteen 

of the 22 infants (68%) were receiving rehabilitative services. At 2-year follow-up, one child 

had experienced a seizure with fever; all children had stopped daily antiseizure medications. 

A second child experienced two seizures, each with fever, after 2-year follow-up but 

remained off antiseizure medication. From a functional standpoint, 44% of parents reported 

impairment compared to peers. Eight of the 16 children seen at 2 years (50%) continued to 

receive rehabilitative services, and 2 used assistive devices (13%).

Sub-analyses: Patients Who Died and Patients with Later Follow-up

All neonates who died during initial hospitalization were small for gestational age, however, 

this association was not statistically significant (p=0.5). Risk of death was not associated 

with congenital heart disease or bleeding diathesis, but there was a trend towards association 

with sepsis (OR 30, 95% CI 1.0–2701, p=0.05). Hemorrhage was intraparenchymal plus 

intraventricular in two cases, with volumes of <2% TBV and ≥4% TBV. In the remaining 

case, hemorrhage did not have an intraparenchymal component.

Seven of the 22 (32%) survivors were also evaluated at a median of 4.5 years (IQR 3.5–4.8). 

At this later time, median total PSOM score was 1 (IQR 0.0–1.5). Neurologic outcome was 

poor (total PSOM ≥1.0) in 5/7 (71%). Overall, 2/7 had no or non-impairing deficits (29%) 

(PSOM <1.0), 5 had mild deficits (PSOM 1.0–2.0), and none had moderate or severe 

deficits. When compared to 2-year outcomes in these same 7 children, median total PSOM 

scores did not change significantly over time with the majority of total PSOM scores 

remaining stable (67%), and an equal proportion of scores improving or worsening (17%). 

While sample size limited analysis of sub-scores, a similar pattern of relative worsening of 
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the language relative to the sensorimotor and cognitive sub-scores was observed. Language 

sub-scores worsened in 3/7 (43%) of cases compared to worsening in 2/7 (29%) and 1/7 

(14%) in the sensorimotor and cognitive sub-scores respectively. Conversely, improvement 

was seen only in the sensorimotor sub-score (3/7, 43% of cases). No patients had recurrent 

hemorrhage, and none had restarted an antiseizure medication. From a functional standpoint, 

71% of parents reported impairment compared to peers, with all noting increased need for 

help with day-to-day activities and one report of emotional and behavioral dysregulation 

(14%). Four children (57%) continued to receive rehabilitative services, with use of assistive 

devices in 1 (14%). For the 4 school-aged children, all were in age-appropriate classes with 

2 receiving in-class services.

Discussion

In this multicenter prospective cohort study we describe the clinical features and outcome 

trajectories of perinatal primary hemorrhagic stroke. In our cohort of 26 neonates, 12% died 

in the newborn period. Survivors, however, had a relatively favorable outcome at 2 years 

with moderate-severe deficits in only 5% and no or non-impairing deficits in over 40% of 

cases. Differences in inclusion criteria among studies of perinatal hemorrhagic stroke make 

comparisons challenging (estimated gestational age, inclusion/exclusion of hemorrhagic 

transformation of arterial ischemic strokes and cerebral sinovenous thrombosis, inclusion/

exclusion of isolated IVH). The mortality rate in our cohort is comparable to the 25% rate 

reported by Brouwer et al8 but significantly higher than the 4% reported by Cole et al2. Of 

note, these studies variably included hemorrhagic conversion of ischemic strokes as well as 

presumed perinatal hemorrhagic stroke in the latter case.

Comparison of outcomes in hemorrhagic stroke in children and infants has also been 

historically challenging due to inconsistent outcome measures16. More recently, Cole et al2 

and Bruno et9 al have used the PSOM in perinatal hemorrhagic stroke. Although cut-offs 

used vary slightly, our findings of functional deficits (PSOM ≥1) in 55% of cases and 

moderate-severe deficits in 5% of survivors are consistent with the poor outcome in 56% 

reported by Cole et al (PSOM ≥1)2.

Our cohort was largely seizure-free during follow-up, with no diagnoses of epilepsy. 

Although lower than the 6% incidence of epilepsy reported by Cole et al2, this finding is 

overall consistent with reports in the literature17. Epilepsy incidence after primary perinatal 

hemorrhagic stroke is clearly lower than the rate described in perinatal arterial ischemic 

stroke (38–46%)18. Outcomes were also favorable when compared with those described in a 

parallel cohort of children with hemorrhagic stroke (ages 29 days–18 years) at these same 

institutions, where over a third of patients had significant neurologic deficits (PSOM >2) at 

3-year follow-up, and over 10% developed symptomatic epilepsy by 2 years19,20. Overall, 

these data suggest favorable outcomes for survivors of perinatal hemorrhagic stroke, 

particularly when contrasted with those of perinatal arterial ischemic stroke and pediatric 

hemorrhagic stroke. Though seizures are a common presenting or early symptom, the 

consistent observation that incidence of epilepsy is low suggests that early weaning of 

antiseizure medications may be appropriate in most cases.
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Although outcomes in survivors are encouraging, two caveats should be emphasized. First, 

the high percentage of both functional difficulties impacting daily activities and use of 

rehabilitative services underscores the importance of consistent follow-up and access to 

services. Second, language sub-scores significantly worsened in our cohort between 2-month 

and 2-year follow-up. Given challenges assessing early language skills, this finding may 

simply reflect limited assessment. Language sub-scores did not significantly change across 

time in the subset of patients with 4–5-year follow-up; however, our sample size at later time 

points was underpowered to demonstrate significant worsening in the language domain. 

Notably, in this group language sub-scores did worsen more frequently (43%) when 

compared to sensorimotor (29%) and cognitive sub-scores (14%), and in no cases did they 

improve. Language deficits may emerge over time or may be appreciated more easily as the 

cognitive demands children face at school-age increase. Data regarding long-term 

educational placement and outcomes in perinatal hemorrhagic stroke are scarce, although 

outcomes in pediatric hemorrhagic stroke suggest a similar pattern of either worsening or 

more appreciable deficits over time19,21.

A hemorrhage etiology could not be identified in over 40% of cases, which is consistent 

with reports in the literature1,2. Follow-up imaging was generally unrevealing but did 

uncover one cavernoma in a highly suspect case. Among the cases with a clear etiology, 

bleeding diatheses accounted for the majority, followed by choroid plexus and germinal 

matrix hemorrhages. Vascular malformations were rare. Despite fetal distress being common 

(45% of cases), the vast majority of deliveries were vaginal with only one assisted delivery. 

This is consistent with recent reports1,9 and is in contrast with other studies that suggest an 

association with assisted deliveries22. Maternal hypertension, prenatal infections, and 

substance exposures, all factors associated with fetal distress, were also common.

Our data underscore the limited understanding of the pathophysiology of primary perinatal 

hemorrhagic stroke. Some have suggested underlying unique vascular development and 

anatomy, which in combination with increased pressures occurring during the fetal transition 

and perinatal stressors lead to rare events that are difficult to predict2. The contribution of 

bleeding diatheses, however, is clearly significant. Although this study was not designed to 

quantify hemorrhage risk or provide specific screening and treatment recommendations, the 

fact that 10% of cases occurred in the context of vitamin K refusal is noteworthy. While 

intracranial bleeding is known to be the predominant manifestation of “late” vitamin K 

deficiency bleeding (VKDB) occurring between 2 and 12 weeks of life, manifestations in the 

first 24 hours and week of life (“early” and “classical” VKDB, respectively) are thought to 

be mainly gastrointestinal and umbilical23. All cases of hemorrhagic stroke following refusal 

in our cohort occurred within the first 24 hours of life. While it is possible that additional 

unknown factors were present, this observation suggests a possible role of early VKDB and 

highlights the importance of parental counseling.

Limitations of our study include small sample size, which impacted our ability to identify 

predictors of poor outcome and track longer-term outcome trajectories at school-age. The 

subgroup for whom data was available 4–5 years post hemorrhage was particularly small 

(7/22 survivors). Data for these individuals could be biased towards worse outcomes, as 

children with more significant functional difficulties may be more likely to follow-up. 

Porcari et al. Page 8

Pediatr Neurol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Prolonged and consistent follow-up, however, may also reflect greater access to care. 

Although the PSOM has been validated for infants, capturing language and cognitive deficits 

at early ages is difficult14. This limitation, which affects other studies in the field, further 

underscores that deficits may not be apparent during early follow-up. Finally, our ability to 

quantify rehabilitative services was limited. Despite these limitations, the prospective nature 

of this study is a significant strength, particularly given evidence that case identification for 

pediatric stroke via ICD-code based searches is poor24. The ability to track outcomes at 

consistent time-points and evaluate trajectories over time is also notable

Conclusions

In this prospective cohort study of primary perinatal hemorrhagic stroke, over 40% of cases 

were considered idiopathic even after careful imaging review. Bleeding diatheses 

represented the most commonly identified etiology. Despite a significant mortality rate 

(20%), survivors had relatively favorable outcomes with moderate-severe deficits in only 5% 

at 2 years. At a median follow-up of 2 years, no child developed epilepsy, and all assessed 

children had successfully weaned off antiseizure medication. Total PSOM scores did not 

change significantly over time; however, language sub-scores worsened while sensorimotor 

and cognitive/behavioral sub-scores remained stable. Overall, these data suggest that 

deficits, particularly in the language domain, may emerge over time. Larger prospective 

cohort studies of neurocognitive outcomes in school-aged survivors of primary perinatal 

hemorrhagic stroke are needed to better delineate the vulnerability of this population over 

time and optimal approach to screening and intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of total PSOM scores at a) 2 months, b) 2 years (N=26 at both timepoints; bar 

labels include number of cases per category as well as percentage of known outcomes; 

vertical line represents poor outcome cut-off).

Porcari et al. Page 11

Pediatr Neurol. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Porcari et al. Page 12

Table 1.

Summary of cohort demographics, birth and medical history, clinical presentation, and univariable 

associations with poor 2-year outcome (N=26)

N (%) OR 95% CI p-value

Demographics

Age, days (median & IQR) 1.0 (0.0 – 3.6) 1.0 0.9 – 1.1 0.9

EGA, weeks (median & IQR) 39.1 (38.3 – 40.0) 0.4 0.1 – 1.0 0.04*

Birth weight, kg (median & IQR) 3.24 (3.03 – 3.56) 0.06 0.002 – 0.9 0.04*

Male sex 17 (65) 1.3 0.1 – 14 1.0

Race & Ethnicity

 Caucasian (reference) 23 (88)

 African-American 3 (12) 1.7 0.08 – 118 1.0

 Hispanic 2 (7.7)

Obstetric and Birth History

Maternal age (median & IQR) (n=18) 29 (25 – 34) 1.0 0.8 – 1.2 1.0

Antenatal concerns (n=18)

 GDM 1 (5.6)

 Maternal HTN 6 (33) 0.8 0.4 – 16 1.0

 Maternal tobacco use 7 (39) 1.0 0 – 3.2 0.9

 Maternal drug use 6 (33) 1.0 0 – 3.2 0.9

 Maternal infection 5 (28)

 Abnormal bleeding 1 (5.6) 1.9 0.8 – 137 1.0

Delivery history (n=22)

 PROM >24h 2 (7.7) 0.3 0 – 4.5 0.4

 Prolonged second stage 2 (7.7)

 Cord abnormalities 9 (35) 0.3 0.05 – 2.1 0.4

 Placental abnormalities 1 (3.9)

Delivery method (n=26)

 Spontaneous/induced vaginal 18 (69) 0.9 0.09 – 7.8 1.0

 Assisted vaginal (vacuum) 1 (3.9)

 Unscheduled/urgent C/S 7 (27)

Apgar (median & IQR) (n=20)

 1 min 8 (7 – 8)

 5 min 9 (9 – 9)

Fetal distress (n=22) 10 (45) 1.6 0.2 – 17 1.0

Medical History & Precipitating Factors

CHD 4 (15) 2.8 0.2 – 177 0.7

Bleeding disorder 1 (3.9)

Renal failure 1 (3.9)
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N (%) OR 95% CI p-value

Sepsis 3 (12) 0.5

Coagulopathy 9 (35) 1.7 0.8 – 118 1.0

 Thrombocytopenia 4 (15)

 ECMO (heparin) 1 (3.9)

 Thrombolytic therapy 1 (3.9)

 Vitamin K refusal 3 (12)

Surgery 2 (7.7)

Clinical Presentation

Apnea 10 (38) 0.8 0.01 – 24 1.0

Difficulty feeding 6 (23) 2.1 1.0 – 157 1.0

Abnormal tone/reflexes 7 (27) 8.0 0.4 – 588 0.2

Altered mental status 7 (27) 6.1 0.5 – 354 0.2

Seizure 15 (58) 1.2 0.1 – 11 1.0

*
p<0.05.

EGA – Estimated gestational age; SGA – Small for gestational age; LGA – Large for gestational age; AMA – Advanced maternal age; GDM – 
Gestational diabetes mellitus; HTN – Hypertension; PROM – Premature rupture of membranes; US – ultrasound; NSVD – normal spontaneous 
vaginal delivery C/S – Cesarean section; CHD – Congenital heart disease; ECMO – extracorporeal membrane oxygenation
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Table 2.

Summary of hemorrhage characteristics, treatment, hospital course, outcomes, and univariable association 

with poor 2-year outcome (N=26)

Hemorrhage Characteristics N (%) OR 95% CI p-value

Hemorrhage pattern

 Isolated IVH (1 IVH+SAH) 8 (31)

 Isolated ICH 6 (23)

 ICH + another compartment (IVH or SAH) 12 (46)

Supratentorial 25 (96)

Hemorrhage volume (n=14)

 <2% TBV 11 (69)

 2–4% TBV 1 (6.3)

 ≥4% TBV 4 (25) 1.1 0.8 – 1.6 0.7

Complicating findings

 Edema 12 (46) 0.5 0.05 – 3.8 0.7

 Hydrocephalus 9 (35) 3.9 0.4 – 56 0.3

 Herniation syndrome 3 (11)

Etiology

 Cavernoma 1 (3.9)

 Coagulopathy 9 (35) 2.0 0.3 – 15 0.5

 Choroid plexus/germinal matrix bleed 6 (23) 0.3 0.04 – 2.1 0.2

 Idiopathic 10 (42) 1.1 0.2 – 7.3 0.9

Treatment & Hospital Course

Interventions 9.6 0.9 – 105 0.06

 Mannitol/hyperosmolar saline 1 (3.9) NA

 AED 16 (62) 1.0

 Transfusion 9 (35) 8.5 0.7 – 495 0.1

 Hematoma evacuation 2 (7.7)

 Ventriculostomy 1 (3.9)

Seizures during hospitalization 14 (54) 1.2 0.1 – 15 1.0

Hospital LOS 10.5 (7 – 18) 1.0 1.0 – 1.1 0.3

ICU LOS 7 (6 – 13) 1.0 0.9 – 1.2 0.5

Outcomes

PSOM (median and IQR)

 2 month (n=22) 0 (0 – 1)

 2 year (n=16) 0.25 (0 – 1.25)

 4 year (n=7) 1 (0 – 1.5)

Overall mortality 4 (20)

*
p<0.05.
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IVH – intraventricular hemorrhage; SAH – subarachnoid hemorrhage; ICH – intracerebral hemorrhage; TBV – total brain volume; AED – 
Antiepileptic drug; LOS – length of stay; ICU – intensive care unit; PSOM – Pediatric Stroke Outcome Measure
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