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Commentary: It’s not that we can’t
find a solution, it’s that we can’t
isolate the problem

Bahaaldin Alsoufi, MD

In the current issue of the Journal, Liu and colleaguesl from
Shanghai present their elegant study examining the effect of
chronic hypoxia on brain development. They used 3-day-
old rats for their animal model since their white matter
development during this period is comparable with that of
human fetuses during the third trimester of pregnancy.
They created 3 study groups: normoxia control, chronic
hypoxia, and chronic hypoxia plus progesterone therapy.
They assessed motor skills and coordination abilities via
rotation experiments and compared the brains in the sacri-
ficed samples (14 days old) using hematoxylin and eosin
staining, immunohistochemistry, real-time quantitative
polymerase chain reaction, and Western blot analyses. Their
findings were the following: (1) Rats exposed to chronic
hypoxia performed poorly compared with controls and
displayed brain development abnormalities (lower brain
weight, white matter loss, ventricular enlargement). (2)
Rats that received progesterone during chronic hypoxia per-
formed better and displayed improved brain maturity (better
brain weight, less white mater loss, and less ventricular
enlargement). (3) The effect of progesterone therapy on
white matter development was related to promotion of
mature oligodendrocytes and myelin basic protein expres-
sion and that was the result of changes in M1 and M2 micro-
glial polarization (attenuation of the damaging
proinflammatory M1 and promotion of the protective anti-
inflammatory M2). Based on their findings, the authors
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Underlying causes of neurologic
deficits in neonates with congen-
ital heart disease are still not
defined and likely multifactorial,
accumulative, and synergetic.

postulated that intrauterine or preoperative progesterone
administration might improve neurologic development in
neonates undergoing surgery for cyanotic congenital heart
disease.

The major advances in surgical techniques and perioper-
ative care have led to remarkable improvements in early and
late survival and resulted in a shift in attention to quality of
life and functional outcomes. The association between
congenital heart disease and long-term neurologic deficits
is well recognized and linked to abnormalities in brain
maturation.”* Despite the specific interest in neurologic
development, investigation efforts related to this subject
are still in early stages. The origin of these neurologic
deficits is still not well understood; although the initial
thought was that this is an acquired insult during the
perioperative period, it has become increasingly evident
that this process starts much earlier during fetal
development.”’ Modern neurologic monitoring and
imaging techniques have demonstrated important brain
abnormalities in neonates with major congenital heart
defects even before any surgical intervention.”’
Consequently, it is highly likely that the underlying
causes of altered brain maturation are multifactorial,
combining primary and newly acquired brain injuries, and
that the effects of those factors are accumulative and
synergistic. The brain development is a long and vigorous
process that starts in the first month of gestation and
continues into adulthood, with particular growth during
the first 1 to 2 years of life.””’ Therefore, children with
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congenital heart disease might be prone to interruptions
in neurologic development at various stages, with
subsequent neurologic impairment. The incidence of
prematurity, low birth weight, and genetic syndromes in
neonates born with major congenital heart defects is
exceptionally high, and there is a strong relationship
between those factors and brain development involving
both gray and white matter.*'" In addition, prematurity
and low birth weight are associated with greater
morbidity and mortality and prolonged recovery following
cardiac surgery.® The exaggerated systemic inflammatory
response in these patients is linked to this morbidity,
including white matter injury. Needless to say, genetic syn-
dromes are associated with major changes in all organ
development, including the heart and the brain.'"" In addi-
tion, disturbances in brain blood flow in utero and after birth
in the setting of congenital heart disease have been shown to
affect brain size and development.'*'* Chronic hypoxia, as
demonstrated again in the current study by Liu and col-
leagues,' can impair brain maturity through a complex phe-
nomenon. Additional better-studied elements that affect
perioperative brain blood flow incorporate anesthesia,
perfusion, and postoperative support; all of these can play
significant roles in the development of supplementary
neurologic injury.'”

In summary, significant gaps in our knowledge of brain
development exist, and direct connections between specific
factors and neurologic deficits are not well established. Our
inability to correctly define and isolate the problem continues
to hinder our power to find a solution that can effectively
improve neurologic outlook in these children. Numerous
studies, similar to the one presented by Liu and colleagues,
are needed to learn more about this complex process. It is
highly unlikely that a single factor is responsible for the dis-
torted brain maturation and therefore a single therapy, such
as progesterone as advocated by Liu and colleagues, is
unlikely to be effective alone in completely mitigating

all-cause neurologic injury. Nonetheless, this is definitely a
step in the right direction on a very long stairway.
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