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Activin A Congenital Heart Diseases: Brain Aspects

There is growing evidence of the need for trustable biomarkers of brain stress/damage in 
CHD infants undergoing OHS and CPB. In this thesis, we underline the importance of 
AcA and AM in CNS longitudinal monitoring in the perioperative period. 

Relevance. CHDs account for about 1% of healthy pregnancies in developed countries. 
Conversely, the incidence is dramatically higher in Africa and Asia continents. In the 
recent years, thanks to technological advances in CHD management, perioperative 
mortality has significantly changed, although morbidity is still high, varying from 4 to 
25%. Bearing in mind that no conclusive results has been provided for neurological short/
long-term outcome in CHD infants, it has been reported that mild-moderate symptoms 
such as seizures can occur in 11% of OHS treated infants. Severe neurological sequelae 
such as intellectual performance, school achievement, attention, memory, language and 
psychomotor functions at the age of 15 years old has been detected in about 25% of 
treated cases. Thus, the economic and social burden on families and the social system is 
of utmost relevance. 

Recent advances in CHD diagnosis and treatments do not allow providing a conclusive 
answer to the best tool able to guarantee the safer CNS perioperative monitoring and 
protection as possible. Limitation may reside in the CPB technique itself that is widely 
known to be a deliberate period of HIR injury. At this stage, we have no solution, 
no alternative technique, device, therapeutic strategy able to overcame the problem. 
Indeed, the possibility to detect the onset of cerebral stress/injury by current available 
clinical and standard diagnostic monitoring parameters is still poor. 

On the basis of the present scenario, the measurement of BM such as AcA and AM 
may offer an alternative and direct indicator of CNS cell stress/damage in CHD infants 
earlier than other standard monitoring parameters. The main BM target to allow to the 
multidisciplinary team the early detection of high-risk cases and finally to improve the 
outcome.

Innovation. Currently, studies in animal model and in humans are not conclusive on 
the causes and the timing of perinatal and perioperative insults responsible for short/
long term neurological sequelae in CHD infants. AcA and AM have been found, at the 
earliest stage, to increase in biological fluids of non-CHD and CHD infants complicated 
by an HIR event, suggesting their potential role in early CNS stress/damage detection. 
Of note, on the basis of the known pathophysiological steps, we can speculate that 
AcA and BM play different roles (AcA: neuroprotection, regenerative; AM: ischemia, 
reperfusion) in the post HIR phase. Thus, future targets will regard investigations 
aimed at measuring both BM in order to provide useful informations on: i) the early 
diagnosis of CHD infants at risk for brain damage, ii) the evaluation of the effectiveness 
of new therapeutic strategies, iii) the development and validation of new BM and their 
appropriate use in clinical practice. 
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This approach will provide the basis for future novel diagnostic and prognostic algorithms 
in perioperative care.

Activities/Products. Although AcA and AM are considered trustable BM for an early 
detection of brain stress/damage in non-CHD infants there are still some issues that 
remain to be fulfilled in a high intensity care research field of investigation, such as 
CHD. Before AcA and AM inclusion in clinical guidelines, the major points regard 
their validation trough standard of care tools for brain damage diagnosis, such as 
cerebral ultrasound and MRI. Furthermore, the possibility to correlate AcA and AM 
with neurophysiologic tests (i.e. EEG and aEEG) and other CNS monitoring devices 
(NIRS) could be especially useful to provide useful information on patients prone to 
CNS stress/damage due to OHS and CPB. 

Schedule and Implementation. The usefulness of AcA and AM in CNS monitoring of 
CHD infants constitute a promising bulk of investigation. In this respect, multicenter 
studies in a wider population are eagerly awaited to provide additional support to our 
observation. Indeed, the possibility to validate/monitor the effectiveness of neuro-
protective strategies trough a panel of BM, including AcA and AM, in CHD infants 
deserves further consideration in terms of CPB procedure and therapeutic strategies. 
This holds for different CPB phases, during which temperature and re-oxygenation 
parameters need a careful monitoring and management. In this regard, there is evidence 
that a moderate hypothermia is suggested to prevent CNS stress/damage; conversely, the 
BM monitoring especially during re-oxygenation CPB-phase could be especially useful 
to reach the best target for oxygen support. Additional advantages of BM monitoring 
reside in their short half-life (about 1-h) that can allow evaluating the effectiveness/side-
effects of the therapeutic strategies performed. Finally, the good reproducibility, high 
sensitivity and specificity, and the low costs for measurement of the BM (about 10-15 $ 
per sample) constitute additional issues to take into the due consideration. 
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