Combined multimodal cerebral monitoring and focused
hemodynamic assessment in extremely low birth weight
infants — Potential benefits or potential costs?

Ita Litmanovitz, MD

DOI: 10.14434/do.v14i2.33001

Israel NIDCAP Training Center, Meir Medical Center, Kfar-Saba, Israel, affiliated to Sackler School of Medicine,
Tel-Aviv University, Tel-Aviv, Israel. NIDCAP & Science Sub-Committee, NFI

Target article: Combined Multimodal Cerebral Monitoring and Focused Hemodynamic Assessment in the First 72 h in Extremely Low
Gestational Age Infants. Deshpande P, Jain Rios DR, Bhattacharya S, Dirks J, Baczynski M, McNamara KP, Hahn C, McNamara PJ,
Shah P, Guerguerianb AM. Neonatology 2020; 117:504-512. DOI: 10.1159/000508961

Brain injury remains one of the major unresolved challenges
in neonatal care. With improvements in the overall survival
rate of newborn infants, it was natural that attention would shift
to intact survival and good neurodevelopmental outcomes. It is
widely acknowledged that neonatal brain injury is the result of
the complex interaction between pathological processes, the de-
velopmental trajectory, genetic susceptibility, and environmental
influences. Hence, no single intervention can have a significant
effect on outcomes for the infant. Rather, a coordinated, interdis-
ciplinary approach combined with precise clinical care is needed
to facilitate new neuroprotective approaches to the phenomenon.
This understanding has been translated into several concepts of
neonatal care. Two distinct examples are the "Small Baby Unit"
and the "Neuro-Intensive Care Nursery" ("Neuro NICU").?
The two NICU modalities advocate for the implementation of
uniformly standardized care guidelines, adherence to evidence-
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based practices, and the creation of comprehensive and mul-
tidisciplinary teams. However, while the target of the "Small
Baby Unit" is the unique population of Extremely Low Gesta-
tional Age (ELGA) infants, the target population of the "Neuro
NICU" includes all newborns at risk of brain damage, including
full-term infants with Hypoxic Ischemic Encephalopathy (HIE)
or suffering from strokes or seizures, as well as ELGA infants.
Furthermore, the concept of the "Small Baby Unit" focuses on
optimization of care for these uniquely vulnerable infants in the
context of parent-centered care principles. The "Neuro NICU",
for its part, relies on the use of advanced technology such as
modern neuromonitoring and neuroimaging, as described in
the target article. So, despite the common goal of improving
developmental outcomes, the two models for preterm infant care
differ greatly.

Severe intraventricular hemorrhage (IVH) and white mat-
ter injury are associated with a significant risk of adverse neu-
rodevelopmental outcomes and remain a persistent challenge
for preterm infants. The first 72 hours after birth present with
the greatest risk of brain injury and is considered "the critical
window" for intervention and preventing neurological damage.
Many quality-improvement (QI) projects aimed at preventing
IVH focus on this critical period. The study by Deshpande et
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al., "Combined Multimodal Cerebral Monitoring and Focused
Hemodynamic Assessment in the First 72 h in Extremely Low
Gestational Age Infants", is a prospective observational cohort
study investigating the feasibility and safety of advanced cerebral
and hemodynamic monitoring in this population of vulnerable
infants during this sensitive period.

Study Details

Fifty infants born between 23*° and 27+ ¢ weeks gestation were
enrolled on the study. The infants had all been managed us-

ing an IVH prevention bundle, which included midline head
positioning and minimal handling. Cerebral regional oxygen
saturation (CrSO,) and integrated EEG (aEEG) were mea-
sured continuously, and echocardiography (ECHO) and head
ultrasounds were performed 2-4 times. The small head size,
fragile skin, coexisting headgear with an interface for ventilatory
support, and high ambient incubator humidity all made sen-
sor application challenging. However, the study demonstrated
that the combined monitoring approach was feasible with 98%
of the infants. Mild erythema without skin breakdown beneath
CrSO,2 sensors was noted in 8/50 subjects (16%), and desatu-
rations were reported during 17/197 (8.6%) of the ultrasound
studies. Compared to infants with no IVH, infants with severe
IVH (grade II1/IV) showed a different pattern of cerebral and
systemic hemodynamics. Specifically, changes detected by Near-
Infrared Spectroscopy (NIRS) showed low CrSO, and high
cerebral fractional tissue extraction, consistent with physiological
changes related to hypoxia-reperfusion — known to be one of the
risk factors for IVH.? However, since the study was not designed
to identify specific variables predicting IVH, along with the

low incidence of severe IVH (8%), the clinical relevance of this
observation could not be assessed. The authors concluded that
cerebral and cardiovascular multimodal monitoring for ELGA
infants is safe and well-tolerated, with a low adverse event rate.

Technological Advances

The technological development of non-invasive bedside tech-
niques over recent years has allowed the bedside monitoring
of heart function and hemodynamics by functional ECHO,



cerebral oxygenation by NIRS, as well as cerebral electrical activ-
ity by aEEG. This type of monitoring can support clinicians in
identifying infants at risk of IVH, to allow for early neuroprotec-
tive interventions.

Functional echocardiography and NIRS have been used as
clinical and research tools to assess changes in systemic and cere-
bral blood flow and oxygenation during transitional circulation
in preterm infants. It has been documented that both cerebral
blood flow and cerebral oxygenation are lower for infants who
develop IVH3. However, it is yet to be determined whether
monitoring cerebral oxygenation, if combined with clinical
interventions when cerebral oxygenation levels are outside the
desired range, can prevent cerebral injury and improve neuro-
logical outcomes. A recent multicenter randomized clinical trial,
the SafeBoosC,* demonstrated that it was possible to reduce the
burden of cerebral hypoxia during the first 72 hours of life using
treatment guidelines for respiratory and hemodynamic support.
However, despite reductions in cerebral hypoxia for less than
half of the treatment group, there were no differences in brain
injury markers between the groups: neither in the aEEG tracing,
nor in specific blood biomarkers.’ The authors questioned the
significance of cerebral hypoxia as an etiology for brain injury,
recommending that the guidelines should not be used outside a
research setting.’

Functional echocardiography can provide direct assessment
of hemodynamics at the bedside and can be used as a modern
hemodynamic monitoring tool in the neonatal intensive care
unit. This is currently regarded by many clinicians as an ex-
tension to the infant clinical examination in conditions such
as neonatal hypotension and shock, suspected patent ductus
arteriosus, and suspected persistent pulmonary hypertension
of the newborn.®'® The anatomic, physiological, and hemody-
namic information provided by a functional ECHO can be used
in directing specific interventions and evaluating response to
treatment.® It has been shown that a functional ECHO, when
carefully performed by a trained neonatologist, is well tolerated
even by extremely preterm infants.” In combination with blood
pressure measurement, it can provide essential information about
the hemodynamic status of the newborn and enables a targeted
hemodynamic management approach that can account for the
underlying pathophysiologic mechanisms of circulatory failure
in the individual patient.®” Toyoshima et al. demonstrated in a
prospective cohort study that tailor-made circulatory manage-
ment significantly reduced both the incidence and the severity
of IVH, improved survival rates, and was associated with a trend
towards a decrease in mental retardation.” An echocardiographic
assessment of the hemodynamic status of the newborn has the
potential to improve neonatal intensive care; however, there is
still a paucity of prospective studies demonstrating improved
outcomes.

The combined monitoring also included recordings of an
aEEG and a head ultrasound. Both are used mainly to esti-
mate the timing of the brain injury and its severity, to improve
prognosis prediction.'” Changes in cerebral oxygenation during
head ultrasounds were reported previously for more than half

FIGURE 1. Premie HAL manikin (Gaumard scientific) with a
CrSO, sensor on the forehead and 3 aEEG sensors on the scalp, as
described by Deshpande et al.

of the infants;" indeed, QI projects aiming for neuroprotection
recommend postponing the first ultrasound until 72 hours after

birth.'?

There is more to multimodal cerebral monitoring, as pointed

out by Deshpande et al. The illustration in Fig. 1 presents com-
pelling proof of the possible impact of multimodal monitoring
on bonding processes and parental stress — both recognized as
factors that can affect long-term neurodevelopment.

Implications for NIDCAP

There is a significant body of evidence showing the positive
effects of sensitive and responsive maternal behavior on child
development. Higher levels of early maternal responsiveness, sen-
sitivity and positive mind-set have been positively associated with
infants’ cognitive and social-emotional development, supporting
the proposition that healthy early mother-infant interactions can
improve not only behavioral but also developmental outcomes'.

The first hours after birth represent a crucial period: not
only in a physiological sense, due to the hemodynamic instability
and transitional processes involved in it, but also because this is a
sensitive period for the mother-child interaction, setting the basis
for subsequent maternal behavior.

Close contact between mother and child in the first hours
after birth is essential, to provide the optimal conditions for the
maternal behavior that will facilitate secure attachment in the
first year of life. Separation following birth restricts opportunities
for the mother-infant dyad to engage in intimate physical con-
tact, potentially altering the unfolding of the affectionate bond
between mother and infant. In very low birth weight preterm
infants, close contact between mother and child is not routinely
possible. The technical environment of the baby and the archi-
tecture of NICUs pose additional barriers to physical closeness.
This separation hampers normal physical contact and emotional
closeness between the parents and their infant, with long-lasting
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consequences for emotional programming, neurodevelopmental
outcomes, and parental mental health. 4

Several studies have reported differences in the bonding be-
havior of the mothers of preterm and full-term infants. Mothers
of preterm infants were found to show less secure attachment, as
well as less acceptance of the infant and reduced caregiving sen-
sitivity'>!> Feldman et al.'* showed that the delayed first contact
between mother and child led to the decrease of maternal attach-
ment behaviors and representations. Mehler et al.”® demonstrated
that mothers who were able to see their infant in the first 3 hours
after birth developed a more optimal maternal attachment. Thus,
strategies to facilitate bonding, despite the obstacles posed by the
infant’s neurobehavioral immaturity and medical challenges, are
an imperative in the NICU setting. Moreover, these strategies
need to be anticipated and intentional, designed by and consid-
ered from the different perspectives that a multidisciplinary and
well-coordinated team can provide.

For parents, the extreme preterm delivery of their infant will
be a traumatic experience, one followed by a phase of extreme
psychological disturbance. Many parents feel detached and
separated from their infants as they cannot or do not feel able to
interact as freely with their infant as they would with a full-term
infant at home. A recent meta-analysis underlines the fact that
parents may be extremely distressed and disturbed by the sight of
their baby attached to tubes and equipment, and by the fragile
appearance of extreme preterm infants. Indeed, the stress related
to the physical appearance of their infant was found to be the
second greatest source of burden for parents;' so, it is of concern
that the extra tapes and tubing of the multimodal monitoring
approach may be an additional source of distress for both moth-
ers and fathers.

Future studies must include an assessment of the impact of
multi-modal monitoring on opportunities for early bonding, and
on parental stress.

Personal Reflection

I should disclose that my insights on the article by Deshpande et
al. are influenced by my perspective as a Neonatologist and
NIDCAP trainer. After a 30-year professional career, and with
the equanimity and wisdom that retirement allows, I truly be-
lieve that the biggest achievement in my career was being part of
the transformative processes that my own NICU went through,
to offer individualized and supportive care for infants and
families in the framework of the NIDCAP Nursery Program.
Therefore, until more evidence is available, my answer to the first
question — does combined multimodal cerebral monitoring poses
potential benefits or potential cost? — is probably individualiza-
tion. That is to say, individualized monitoring and individualized
care in the context of family-centered care.'” Accordingly, I will
probably advocate for the development of "small baby units"
over "Neuro NICUs", because they allow for the appropriate
family-centered developmental care that can address the differ-
ent needs of extreme preterm infants. There is a growing body
of evidence suggesting that family-centered and developmental
care strategies have the potential to improve neurodevelopmental
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outcomes, and that these need to be considered as an essential
part of future neuroprotection care bundles."”
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