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The Future of Outcome Prediction for Preterm Infants in the
Neonatal ICU

Outcome prediction for prognosis or risk stratification is particularly
important in the neonatal ICU as critically ill neonates are at high risk
of mortality or long-termmorbidity. There are several commonly
used outcome prediction tools in neonatology. The majority of these
tools use static measures such as data available at birth or within 24
hours of birth to predict the risk of subsequent mortality or
neurodevelopmental impairment (1–3). Gestational age and birth
weight are among the best predictor variables (4), such that clinical
trials in preterm infants frequently use one or both of these variables
for stratification to ensure balanced allocation. As early predictors do
not take into account risk factors and complications that become
apparent later during the hospitalization, tools incorporating
respiratory support and selected postnatal morbidities were
developed to better predict mortality, bronchopulmonary dysplasia,
and neurodevelopmental impairment (5, 6). The use of prediction
tools in neonatology to guide clinical decisions has not been tracked
formally, and the impact on clinical care is unknown. A limitation of
most of the currently available prediction models in neonatology is
their reliance on data available at birth with limited or no sequential
clinical and/or laboratory data.

In this issue of the Journal, Lavilla and colleagues (pp.
75–87) examined the discriminatory power of hourly changes in
neonatal sequential organ failure assessment (nSOFA) scores

from birth to predict death among 436 extremely preterm and
extremely low-birth-weight infants. Hourly kinetics of the
nSOFA score were strong predictors of mortality before
discharge and within 24 hours after birth (7). The average score
over the first 28 days was also associated with hospital mortality
and major morbidities. Although mortality is rightly considered
the most important outcome in neonatology, it is imperative to
acknowledge that neurodevelopmental assessment at a later age
was not addressed in the current prediction study.
Neurodevelopmental impairment may be as important or
more than some of the outcomes reported, including severe
intraventricular hemorrhage, bronchopulmonary dysplasia,
sepsis, necrotizing enterocolitis, and retinopathy of
prematurity.

The nSOFA scoring system is based on the presence of
mechanical ventilation and oxygen saturation as measured by
pulse oximetry:FIO2

ratio for respiratory dysfunction, presence of
vasoactive medications and/or corticosteroids for cardiovascular
dysfunction, and platelet count for hematologic dysfunction. These
measures may be dependent on clinical practice. For example, the
nSOFA scores may be artificially lower in a clinical setting where
hypotension is managed more conservatively (8). Similarly, in
centers with more use of mechanical ventilation rather than
continuous positive airway pressure, use of lower rather than
higher oxygen saturation targets (9), or avoidance of higher FIO2

in
favor of higher mean airway pressures, the model may not be as
applicable. Thus, the generalizability of the results of this study
may be limited and center-specific and may need to be validated
externally.

The study by Lavilla and colleagues does not define if these are
the best variables or weighting to predict the risk of adverse
outcomes. It is possible that prediction might be improved using
optimization of cutoff values or more granular continuous respiratory
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support data, additional vital signs measures, or more commonly
collected laboratory values such as those available on standard blood
gas analyzers. In the current study, the nSOFA score was calculated
retrospectively. It needs to be determined if prospective nSOFA
scores would improve clinical management decisions in neonatology.
It is also important to note that although the nSOFA score is
associated with poor outcomes, it does not follow that reducing the
score by interventions would improve outcomes. The effect of
artificially improving nSOFA scores by increasing platelet counts
(10), limiting FIO2

exposure in favor of increases in mean airway
pressures, or avoiding vasoactive medications could have unintended
consequences in sick neonates. It is also likely that measures of critical
illness severity leading to changes in the nSOFA score such as the
need for mechanical ventilation or vasoactive drugs are readily
identified and perceived by clinicians caring for extremely preterm
infants and hence may not alter a physician’s intuitive assessment of
prognosis (11).

Scoring systems need to be validated prospectively and in
multiple settings before wider clinical use. The heart rate
characteristics (HeRO) score that assesses measures of heart rate
variability is an excellent example of a prediction system successfully
tested from bench to bedside, including in a large multicenter
randomized clinical trial (12) before its introduction into routine
clinical care. A HeRO score that increases substantially above the
baseline value or is high may indicate that the infant is developing
sepsis. Clinicians provided with HeRO score data decreased the time
to recognition and treatment of sepsis (12), which decreased the risk
of mortality (13) in the randomized controlled trial. The HeRO score
was associated with a lower risk of neurodevelopmental impairment
compared with routine monitoring, likely because of early detection
and treatment of sepsis (14). The authors reported recently that the
HeRO score and nSOFA score provide complementary information
on sepsis risk and sepsis-related mortality, with HeRO scores
increasing before the blood culture, whereas the nSOFA scores
increased at the time of culture (15).

However, the HeRO score relies on a single physiological
value (heart rate variability), which may lead to low diagnostic
accuracy in specific circumstances. For example, recuperating
preterm infants taken off continuous positive airway pressure
may develop increased episodes of bradycardia leading to an
elevated HeRO score due to deescalation of respiratory support,
whereas preterm infants with severe intraventricular
hemorrhage may have a persistently elevated HeRO score. False
negative results may occur among infants if the cause of
deterioration is not due to sepsis, such as among infants with
critical congenital heart disease. It is likely that future scoring
systems that incorporate sequential physiological, laboratory,
and clinical data may further improve the prediction or
detection of infants at risk for death and major morbidities,
including neurodevelopmental outcome. The advent of artificial
intelligence into decision support tools, learning health systems,
and evidence-based algorithms embedded into electronic
medical records promises to improve prediction and real-time
detection of infants at risk of adverse outcomes and inform
clinicians so they can further improve the care of our most
vulnerable infants.�
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Reduced Aerobic Exercise Capacity in Adults Born at Very Low
Birth Weight
No Small Matter!

Preterm birth (,37 wk) and low birth weight (LBW;,2,500 g)
accounts for�11% and�15%, respectively, of all live births
worldwide (1, 2). There is a growing concern for this population as
those born preterm have an increased risk of early mortality from
noncommunicable diseases (3) but, surprisingly, not morbidity at
ages 18–43 years (4). There is also evidence for an association
between birthweight and risk of mortality (5). Thus, there is an urgent
need to determine the reason(s) for the increased risk of mortality in
this ever-growing population. Aerobic exercise capacity is an
important predictor of all-cause morbidity and mortality in,
presumably, term-born, normal birthweight men (6) and women (7).
However, this has not yet been established in those born preterm with
very LBW (VLBW). Interestingly, there are multiple reports
demonstrating reduced aerobic exercise capacity in adults born
preterm (8), which raises the possibility that the lower aerobic
exercise capacity may be the link between preterm birth and the
increased mortality risk. Therefore, gaining a better understanding of
the underlying cause(s) of reduced aerobic exercise capacity in adults
born preterm with VLBW remains a clinically relevant endeavor.

In this issue of the Journal, Yang and colleagues (pp. 88–98)
provide compelling evidence in a population-based cohort that
impaired respiratory and cardiovascular function is associated with
reduced aerobic exercise capacity in those born preterm with VLBW
(9). A clinically reduced peak _VO2, defined as,84% predicted, was
found in 36% of VLBW adults compared with 17% of control
subjects. Of those VLBWwith a reduced peak _VO2, 49% had
bronchopulmonary dysplasia (BPD) compared with 32% with no
BPD.Multiple regression models revealed that in addition to physical
activity with body mass index, lung function and cardiac structure/
function contributed equally to the differences in cardiopulmonary
exercise testing outcomes between the VLBW and control groups.
Remarkably, prematurity-related perinatal factors (e.g., BPD,
antenatal steroids, small for gestational age, extreme prematurity)

were not associated with the reduced aerobic exercise capacity in the
VLBW group. Similarly, desaturation measured by delta SpO2

(peak
exercise–baseline oxygen saturation difference measured by pulse
oximetry) was not associated with reduced aerobic exercise capacity
despite VLBW adults having a significantly reduced diffusing capacity
for the lung for carbonmonoxide and rate constant for carbon
monoxide with normal VA suggestive of pulmonary microvascular
destruction/remodeling. These data support previous reports of
normal pulmonary gas exchange in this population (8). This
population-based study is an important advancement in the field by
providing evidence for impaired lung structure and function and
cardiac structure and function as equal contributors to impaired
aerobic exercise capacity in adults born preterm with VLBW.

A limitation of the current study was that the authors were only
able to quantify the association between impaired aerobic exercise
capacity and the respiratory and cardiovascular physiology of adults
born preterm with VLBW. Figure 1 provides a schematic
representation of the relationship between altered heart and lung
structure/function and exercise ability. Additional studies, particularly
in large cohorts, are needed to determine whether a causative
relationship exists between impaired cardiopulmonary function and
reduced aerobic exercise capacity. For example, previous work in a
small cohort has demonstrated that when adults born preterm
breathe a helium–oxygenmixture (79% He, 21% O2) during exercise,
expiratory flow limitation, presumably caused by small airways (10),
is reduced and exercise endurance is “normalized” relative to term-
born control subjects (11). This example of a late life intervention
supports the idea that aerobic exercise capacity and/or exercise
endurance can be improved in adults born preterm when respiratory
limitations are minimized. Likewise, in animal models of preterm
birth, complicated by BPD, human umbilical cord–derived stem cells
delivered into the airways to prevent abnormal lung development
improved treadmill running distance to values similar to control
animals, regardless of whether they were delivered before or after
hyperoxia-induced alveolar injury (12). This example of an early life
intervention in a preclinical model also supports the idea that exercise
capacity could possibly be rescued in this population when the
negative respiratory consequences of preterm birth are minimized or
prevented.

Whether or not improving cardiac performance in adults
born preterm with VLBW (i.e., a late life intervention) also
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