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Severe intraventricular hemorrhage in a new decade:
what do we tell parents?
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As neonatologists, we are continually faced with the task of
prognosticating outcomes for the families of our patients. From
the moment we walk into the labor room of a woman about to
deliver a 24-week infant to that very child’s final follow-up clinic
visit, we are asked for our best estimate of what we think are ‘the
odds’ of survival, of going home by the holidays, of being able to
walk someday and of simply having a ‘normal life.’ For many
neonatal intensive care unit (NICU) clinicians, one of the most
distressing discussions to anticipate is the disclosure to a family
that their infant has a ‘severe’ intraventricular hemorrhage (IVH)
on cranial ultrasound. Historically, severe IVH has been classified as
a Grade 3 or 4 IVH according to Papile and has been associated
with higher rates of neurodevelopmental impairment (NDI) com-
pared to Grades 1 and 2 IVH.1–3 These sequelae have included
cerebral palsy, cognitive delays and neurosensory deficits.4–8

Although Grade 4 IVH is now understood to represent periven-
tricular hemorrhagic infarction (PVHI) rather than true extension of
hemorrhage, it continues to be classified according to Papile and
most often is combined with Grade 3 IVH as a composite measure
despite the differences in pathophysiology and outcome. Even
among infants with PVHI, the spectrum of ventricular and
parenchymal involvement is so expansive that it is impossible to
use a universal approach to prognostication, and many would
question whether we should make prophecies based on a
radiologic study. Neurodevelopmental outcome studies done
shortly after the advent of cranial ultrasound imaging had
hoped that prompt identification of infants with ‘irreversible
brain damage’ might reassure clinicians that withdrawal of
medical support was both ethical and compassionate on the
basis of an impending future so bleak.8 Literature on the sequelae
of severe IVH continues to be limited by the fact that large
numbers of children do not survive due to redirection of care in
the NICU, and often on the basis of their IVH. As such, there is a
necessity to understand the outcome of children who live with
these diagnoses that is paramount.
Fortunately, with advances in perinatal management, including

high utilization of antenatal steroids, the rates of Grades 3 and 4
IVH have diminished in the past two decades.9–12 Rates of severe
IVH for very low birth weight (VLBW) infants in the Vermont
Oxford Network declined from 10% to 6% from 1991–2009.9,10

Similarly, severe IVH rates for extremely low birth weigh infants in
the National Institute of Child Health and Human Development
(NICHD) Neonatal Research Network (NRN) born in 1995–1996
were 38% but for extremely preterm (EPT) infants born in 2003–
2007 were only 16% with the majority of cases occurring in infants
of 22–23 weeks’ gestation.11,12 Consequently, a major limitation of
contemporary studies on severe IVH is small cohort size. There is
also immense heterogeneity both within and between studies in
terms of neonatal and socio-demographic traits of the population,
differences in neuroimaging protocols and timing and rates of
neonatal follow-up that complicate efforts to consolidate findings.
Finally, it must be acknowledged that neurodevelopmental

outcomes of VLBW infants born in the second half of the 1990s
are confounded by high rates of postnatal steroid exposure, which
has been shown to have its own adverse effect on neurologic
outcome in survivors of IVH.13

In this issue of the Journal of Perinatology, Dr Davis and
colleagues from the NICHD NRN present the largest analysis to
date of early childhood neurodevelopmental outcome of infants
with a diagnosis of Grade 3 or 4 IVH.14 It is the only study to
specifically evaluate the impact of this morbidity in infants of p26
weeks’ gestational age as well for infants born since 2006. The
high rate of antenatal steroid (78%) and low rate of postnatal
steroid exposure (20%) underscore the changes in practice that
have occurred since publication of prior studies. The authors
wished to better delineate the qualities of severe IVH that impact
neurodevelopmental outcome, specifically laterality (unilateral vs
bilateral) and the absence or presence of parenchymal involve-
ment in IVH while adjusting for other clinical variables through
both logistic regression and classification and regression tree
(CART) analysis. Unadjusted rates of moderate to severe cerebral
palsy were 16% for the entire cohort but were significantly lower
for those with unilateral vs bilateral IVH (8 vs 21%) and for those
without parenchymal involvement (10 vs 24%). Furthermore, 47%
of this high-risk cohort was unimpaired at 18–22 month follow-up.
Regression analyses revealed that bilateral IVH and PVHI alongside
birthweight, namely when p707 g as computed through the
CART program, were the most significant predictors of the
combined outcome of death/NDI. However, when analyses were
limited to survivors the most significant predictors of adverse
outcome through both methods of analysis were need for a shunt
and exposure to postnatal steroids, with severe IVH exerting a
lesser effect.
These findings although markedly improved from the early

reports on neurodevelopmental sequelae of severe IVH, are
consistent with recent data on premature infants born in 1995–
2005.13,15–17 In a large study of 214 infants with severe IVH, only
7.4% of those with Grade 3 and 49% with Grade 4 IVH had cere-
bral palsy and the majority had normal developmental quotients
at 24 months.15 Others have also attempted to elucidate features
of IVH and/or comorbid conditions which negatively impact
prognosis. In a multicenter analysis of 69 VLBW infants with PVHI,
rates of moderate to severe cerebral palsy were 37 vs 88% and for
MDIo70 were 36 vs 93% for infants with unilateral vs bilateral
involvement, respectively at 18–36 months.16 Furthermore, for
infants with unilateral PVHI who did not have concomitant
periventricular leukomalacia and/or severe retinopathy of
prematurity the rate of MDIo70 was only 24%.16 Merhar et al.13

evaluated the impact of laterality on all grades of IVH in 166
extremely low birth weigh infants and founds that infants with
Grade 3 IVH, even when bilateral, had outcomes which were
comparable to those of infants with Grades 1-2 IVH.
Perhaps one of the most informative and sobering numbers in

this study is the mortality rate of 55% that is much higher than in
other recent reports of infants with severe IVH.15,17 However,
when one considers that the mean gestational age of the study
cohort was 24±1 weeks, it begs the question of how much
medical decision-making is done on the basis of gestational age vs
the presence of severe IVH? Recent reports from the NRN
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demonstrated similar mortality rates for infants at the threshold of
viability and confirmed the fact that the majority of infants who
died had withdrawal of life-sustaining measures.12 In this study,
half of all redirection of care was due to IVH, something which the
authors acknowledge as a limitation and address in separate
analyses. Composite outcomes of death/NDI are problematic to
interpret in situations involving a high rate of withdrawal of
support because it can rarely be determined retrospectively if
death would have been inevitable or was solely due to the
redirection of care. Furthermore, to a family of an EPT infant with
severe IVH, the only relevant outcome is that of an infant who
does survive to go home and for that family the question will
always be about the odds of ‘having a normal life.’ Davis et al. 14

have shown that at least in early childhood almost half of these
children will be normal, a number which will surprise many
clinicians and be of great comfort and hope to a family.
Undoubtedly, prognostication in the NICU is a complex process.

As the overwhelming majority of severe IVH now occurs in infants
born at the threshold of viability, clinicians will need to
disentangle the competing influence of gestational age, neonatal
morbidities and well-intentioned therapies on neurodevelopmen-
tal outcome. Early identification of infants who require a shunt as
well as continued judicious use of postnatal steroids may be more
beneficial than any blanket statement on adverse outcomes of
severe IVH, particularly for this population. Finally, discussions with
a family of an infant with severe IVH on how to direct medical care
should always take into account the global picture, that these
brain injuries will increase the risk of NDI, but also never lose sight
of the mounting evidence that large numbers of infants survive
into early childhood without impairment.
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