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A commentary on

Advances in Diagnosis and Management of Hemodynamic Instability in Neonatal Shock
by Singh Y, Katheria AC, Vora F. Front Pediatr (2018) 6:2. doi: 10.3389/fped.2018.00002

We congratulate Singh et al. on their article, which provides a comprehensive review of neonatal
shock (1).

The neonatal myocardium has fewer contractile elements compared with older children
and adults (2). In particular, immature myocardium has a higher basal contractile state and
has higher sensitivity to changes in afterload (3). This is especially important in the context
of the removal of placenta which is low vascular resistance state and transition to the higher
vascular resistance state at birth.

However, this statement perpetuates the general misunderstanding about the vascular resistance
of the placental circulation versus the systemic circulation. There is the implication that the vascular
resistance of the placenta is unusually low. In fact, the vascular resistance of the healthy placenta is
slightly higher than the vascular resistance of the systemic circulation. It is generally accepted that
the placental circulation accommodates about 40% of the combined cardiac output (CCO) in the
fetal circulation. Therefore, the systemic circulation accommodates most of the residual 60% with
10-15% going through the pulmonary circulation. In the parallel pattern of the fetal circulation, the
same blood pressure drives both the placental and the systemic circulations, and with similar blood
flows, the vascular resistances must also be similar.

As the authors point out, vascular resistance cannot be measured directly and can only be calcu-
lated from the measurements of blood pressure and flow, broadly following the same principles as
OHMS law in an electrical circuit

Resistance = pressure / flow

or Systemic Vascular Resistance = Blood Pressure / Cardiac Output.

The parallel circulation of the fetus. The total vascular resistance = blood pressure/flow, and
the contribution of resistance by each of the circuits is calculated from the inverse of the total
resistance.

1/R=1/r1+1/r2+1/7r3.

In the fetal circulation, the placental, systemic, and pulmonary circulations are all in paral-
lel and subject to the same blood pressure (Figure 1). Therefore, the vascular resistance of the
systemic circulation, carrying about 50% of the CCO, must be slightly lower than the placental
circulation carrying 40% of the CCO. Closure of any of these parallel circuits would result in an
increase in the overall resistance. It is only the placental circulation that closes at birth, but the
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FIGURE 1 | Electrical circuit equivalent of fetal circulation.

pulmonary circulation opens at the same time and by the end
of transition accommodates about 50% of the CCO. Thus, in
the neonate, the vascular resistance of the combined parallel
circuits of the systemic circulation and the pulmonary circula-
tion is similar to that of the three combined circulations in the
fetal circulation. Separation of the systemic circulation and the
pulmonary circulation with closure of the ductus arteriosus and
foramen ovale divides the CCO equally between the left and
right ventricles and into an adult pattern of serial circulation.

The higher vascular resistance state at birth described (1) is
not therefore an inevitable part of a physiological transition.
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In fetal medicine, we measure placental blood flow with ultra-
sound Doppler to estimate the resistance index. A high resistance
index is a sign of placental pathology.

Itis true that the healthy placental circulation has a low vascular
resistance, but it is approximately the same as the vascular resist-
ance of the systemic circulation. A dramatic fall in the pulmonary
vascular resistance, as demonstrated by the marked increase in
pulmonary blood flow when the lungs fill with air at birth, provides
an alternative low resistance parallel circuit as the placental circuit
closes. Closure of the ductus arteriosus and foramen ovale converts
the parallel circulation into two serial circuits. There is no theoreti-
cal need for an increased vascular resistance during transition and
no theoretical need to put the immature myocardium at risk from
increased afterload. After transition into two separate serial circu-
lations, there is the ability of the pressure in the systemic circuit to
rise to maintain cerebral circulation with the effect of gravity on the
erect neonate while maintaining the low pressure in the pulmonary
circuit with its thin walled alveolar capillaries (2).
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