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Neonatal Intensive Care for Critical Cardiac Disease

Hikoro Matsui, M.D., Ph.D.
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Adequate circulatory management in critical congenital heart diseases is vital in pediatrics because of poor
prognosis. Understanding and managing factors such as contractility, load, cardiac morphology, and vascular
resistance are vital in controlling cardiac output and maintaining balance between the systemic and pulmonary
circulations. Particularly, in neonates, securing systemic blood flow through the regulation of pulmonary blood
flow is an important issue, because there is a high risk of cardiogenic shock with increased pulmonary blood
flow, resulting in general deterioration or death. Furthermore, not only cardiac care but also general care is
needed to prevent several complications including non-cardiac complications. Detailed diagnosis, accurate
understanding of the pathophysiology, and prediction of hemodynamics will lead to improved care of neonates
with critical congenital heart disease.
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Fig. 1 Pressure volume loop and relationship be-

volume

tween contractility, preload, afterload, and
cardiac function

A: End-systolic pressure volume relationship (ES-
PVR) is a parameter of cardiac contractility. Arterial
elastance (Ea) is a parameter of afterload. The tri-
angle area surrounded by ESPVR and the pressure
volume loop demonstrates elastic potential energy
in a single beat. The square area surrounded by
the pressure volume loop shows external work in a
single beat. B: In cases of increased preload, cardi-
ac output, blood pressure, and cardiac oxygen de-
mand are increased by elevation of elastic potential
energy and external work. C: In cases of increased
afterload, cardiac output is decreased, whereas
cardiac energy consumption (elastic potential en-
ergy and external work) is increased, resulting in
deterioration in the efficiency of pump function.
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FI02 PaCO2 HCO3- PAO2 pH
0.21 40 23 93 7.38
0.21 50 23 78 7.28
0.21 60 23 64 7.21
0.19 40 23 78 7.38
0.17 40 23 64 7.38

PaC02

| Alveolar Gas Equation | PAO2 = (760-47) x FIO2 - =

[HCO37]

| Henderson—Hasselbalch equation | pH= 6.1+log,, ~003xPacOT
. X Pal

Fig. 2 Relationship between alveolar oxygen
pressure and arterial blood gas with

low-oxygen inhalation

Alveolar oxygen pressure and arterial blood gas
can be calculated using the alveolar gas equation
and Henderson-Hasselbalch equation. Alveolar ox-
ygen pressure decreases upon inhalation of air that
is low in oxygen. Although hypoventilation causes
low alveolar oxygen pressures, pH is decreased by
hypercapnia, resulting in metabolic acidosis.
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