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Abstract
Purpose: To construct longitudinal fetal reference ranges for cardiac output (CO) and peak systolic velocity (PSV) of the left and right ventricles in the 
second half of pregnancy. 
Methods: A blinded, prospective, observational, longitudinal, study of 120 women with uncomplicated singleton pregnancies. Ethical and governance 
approvals were granted by the Mater Human Research Ethics Committee and Research Governance Office respectively (Ref no: HREC/14/MHS/182). 
Informed consent was obtained from all women. Estimated gestational age (GA) was calculated based on a first trimester ultrasound scan. 
The participants underwent ultrasound scans every four weeks from enrolment (18-28 weeks) until delivery. CO and PSV were measured at each 
examination using Pulsed Wave (PW) Doppler at zero degrees angle of insonance. At each visit estimated fetal weight (EFW) was estimated using 
Hadlock’s formula.1 All ultrasound and cardiac examinations were performed by a single experienced perinatal cardiac sonographer (ALT). Changes in 
these parameters as functions of gestational age were modelled using Bayesian mixed effects models. 
Results: Left ventricular CO is calculated by measuring the aortic valve diameter and the PW Doppler waveform of blood flow through the valve. The 
right ventricular CO is calculated by performing the same measurements of the pulmonary valve. In total 406 longitudinal measurements from both left 
and right ventricles of 120 participants in the normal cohort were obtained. 
The formulae used were:  SV (stroke volume) = valve area (cm2) x VTI(velocity time integral) and thus CO(L/min) = SV (cc) x HR/1000.
CO and PSV increased with increasing gestational age in the both ventricles. The results showed that the left and right cardiac output increase linearly 
with gestation, with the right cardiac output greater than the left at all time points. 
The PSV is a measure of the maximum speed of the blood flow through the pulmonary and aortic valves. The technique to obtain this parameter is as 
previously described to obtain CO, with measurement obtained of the peak velocity through the aortic and pulmonary valves. The results show that the 
aortic and pulmonary artery peak velocities increased linearly with gestation, with the aortic valve peak velocity greater than the pulmonary valve peak 
velocity at all time points. The tables of these parameters to gestational age are shown below.
Conclusion: To our knowledge these are the first nomograms to be developed longitudinally with the most measures per participant for these 
parameters. This can be used to assess and monitor cardiac function in fetuses with cardiac dysfunction or during fetal therapy.
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Right Cardiac Output vs Gestational Age

Peak Systolic Velocity vs Gestational Age

Left Cardiac Output vs Gestational Age

CO of LV calculated from measuring valve diameter on B-
mode (right image) and HR and VTI on PW Doppler (left image) 

PVPSV – pulmonary valve peak systolic velocity
AVPSV – aortic valve peak systolic velocity
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