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The Doppler equation is used to calculate the velocity of structures moving towards and away from 
the probe.

It is not essential to have an in depth understanding of the Doppler equation to start using it to learn 
about cardiac function, but for those who are interested:
- f0 – The transmitted frequency generated by the probe.
-Δf – The observed change in frequency (how different the returning frequency is to the frequency 
initially generated by the probe).
- c – The velocity of the wave. This is a physical property of the medium through which the US is 
travelling. The average speed of US through tissue is assumed to be 1540m/s (i.e. Nearly 5x faster than 
the speed of sound through air at sea level, which is ~343m/s).
- θ – The angle between the US beam and the direction of motion of the structure being interrogated.  
If the structure being interrogated is moving directly in line with the US beam then θ = 0o and cosθ = 1. 
The greater the malalignment of the US beam to the direction of motion the greater θ becomes, and 
the smaller cosθ becomes. The US software will assume that you have taken steps to ensure perfect 
alignment of your US beam, and therefore assumes that θ is 0o. The significance of this assumption is 
described later.

f0 is known (as the US machine knows what frequency it has generated), whilst c is assumed to be 
1540m/s and cosθ is assumed to be 1. Therefore when the returning frequency is measured, and Δf 
calculated it is possible to calculate the only missing part of the equation: V – the velocity of the 
moving reflective surface.
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This image shows CW Doppler through the aortic valve in a patient with a stenotic aortic valve. This is a 
TTE A5Ch view, with the LVOT and the heavily calcified AoV in the centre of the image (see thumbnail). 
The Doppler beam has been centred through the valve. The probe has intentionally been slid laterally 
which has produced a slightly off-axis image, with the intention of improving alignment between the 
Doppler beam and the flow of blood, however there remains a malalignment of ~30o.

All velocities along the cursor are measured continuously. This allows a graph to be created where 
time is on the x-axis and calculated velocity is on the y-axis. Here we are interested in the velocity of 
the blood moving through the stenotic valve, which is moving away from the probe, i.e. A negative 
velocity, which appears below the baseline. When we compare the graph with the ECG we can see 
that shortly after the QRS complex on the ECG we see a rapid acceleration of blood away from the 
probe. The maximum velocity recorded is 2.78m/s. If the 2D images suggest a stenotic AoV with no 
other reason for flow acceleration (such as a sub-aortic membrane) then it is likely that this velocity is 
the velocity of the blood through narrowest point of the valve.

Because the US is detecting all velocities along the length of the Doppler beam, in addition to 
detecting the peak velocity at the narrowest point of the valve, it also detects the accelerating blood 
approaching the valve, so the Doppler envelope is solid, with many different velocities having been 
detected. 

Also note the CW data in the bottom left of the image. The US machine is telling us it sent out a beam 
with a frequency of 1.7MHz, and that it assumes an angle of 0o between the Doppler beam and the 
direction of travel.
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This image is taken from the same patient as the previous slide, with the mode of US Doppler switched
from CW to PW. The sample volume is placed in the LVOT and only calculated velocities from within 
the region of interest are displayed on the graph. The US machine knows that the sample volume has 
been placed 11.4cm from the probe. It knows that the speed of US in tissues is essentially fixed (at 
1540m/s), therefore it can reject any signal returning too soon (as having been reflected off a surface 
closer than the sample volume) or too late (as having been reflected of a surface further away than 
the sample volume).

Once again we see an envelope of velocities in systole, appearing below the baseline, reflecting the 
blood moving away from the apex of the heart and towards the AoV and aorta. Because we are not 
measuring the velocity of the blood before it reaches the LVOT (as it accelerates towards it) we 
produce a hollow envelope, with all blood at that point moving at roughly the same speed. When the 
blood within the sample volume is moving at it’s fastest, it is moving at 0.78m/s.

Also note the PW data in the bottom left of the image. The US machine is telling us it sent out a beam 
with a frequency of 1.8MHz, and that it assumes an angle of 0o between the Doppler beam and the 
direction of travel. It also tells us that the sample volume is 11.4cm from the probe.
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This is a TTE A5Ch view from our patient with aortic stenosis. Despite attempts to optimise the 
alignment of the flow of the blood (blue arrow) and the US beam (red line), there remains an angle of 
~30o, hence velocities will be under-estimated by ~13%. In an out-patient setting malalignement of 
>20o would be considered unacceptable (6% error). In practice, especially in acutely unwell patients, 
perfect alignment is not always possible.
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This is a PW Doppler trace with the sample placed in the LVOT. By tracing the curve we can obtain the 
Integral of Velocity and Time, i.e. The VTI (Velocity Time Integral), AKA the stroke distance. This is the 
product of time (units are seconds) and velocity (centimetres / seconds), and so the units are 
centimetres.

ET: Ejection time.
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To estimate LV SV we must measure the LVOT at the same point where we place our sample volume 
to obtain a LVOT VTI using PW Doppler. This is 5mm proximal to the aortic valve.
In TTE the LVOTd is obtained from the PLAX view. The LVOT is not perfectly circular, however it is close 
enough for our purposes.

Equation for the area of a circle: area = (diameter/2)2 x π
Π = 3.142
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In this patient LV SV has been estimated at 70.72ml. The HR is 73bpm, therefore if this SV is 
representative (i.e. negligible stroke volume variation) then CO = 70.72 x 73 = 5.16L/min.
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Daniel Bernoulli: Swiss mathematician and physicist (1700-1782); published ‘Hydrodynamica’ in 1738 
which outlined Bernoulli’s principle.

The simplified Bernoulli equation assumes that the initial velocity of the blood is <1m/s, and therefore 
has negligible impact on the equation. When this is not the case then the long form of the Bernoulli 
equation must be used.
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CW Doppler is used to assess the maximum velocity of blood flow through the narrowest point of the 
valve. We can use CW as need to measure high velocity flow (the Nyquist limit which is important with 
PW Doppler means that in this case we would be unable to measure velocities much faster than 
1.5m/s) and we don’t want to miss the narrowest point of the valve, by placing our sample volume in 
not quite the right spot. 

The simplfied Bernoulli equation can be used, because the velocity of the blood in the LVOT, before it 
reaches the stenotic aortic valve (where the pressure drop occurs) is <1m/s (we know that it is 
0.78m/s, because we measured it with PW Doppler by placing the sample volume in the LVOT).

Placing the Vmax of 2.78m/s in to the simplified Bernoulli gives the equation: 4x 2.782 = 30.9136.
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We have considered how US Doppler can be used to estimate velocity, flow and pressure.

Throughout the cardiac cycle pressure changes within the different chambers lead to flow occurring. 
The velocity of this flow is dictated by the difference in the pressure between the two chambers.
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Image devised by Dr. Carl J. Wiggers. It demonstrates the different phases of the cardiac cycle, and 
focuses on the left heart.
Similar phases of the cardiac cycle occur within the right heart, but typically at lower ventricular 
pressures.

The top diagram compares LA, LV and aortic pressure over time. By appreciating the likely pressure 
differences between chambers at any given point we can predict what Doppler traces we would 
expect to produce.
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At the onset of ventricular systole the LV walls contract, decreasing the LV volume. A4Ch M-Mode of 
the septal portion of the MV annulus shows that the annulus is pulled towards the apex of the heart. 
The LV pressure begins to rise, exceeding LA pressure and the MV closes. LV pressure exceeds LA 
pressure, but is lower than aortic pressure so all valves are closed and no blood leaves the heart. The 
LV continues to contract but no change in volume can occur: Isovolaemic Contraction. Once LV 
pressure exceeds aortic the AoV opens and blood leaves the LV for the aorta. This can be seen with 
either CW or PW Doppler across the LVOT/AoV in the A5Ch view. Assuming no obstruction to flow 
(such as aortic stenosis) then blood freely exits the LV, and LV pressure is never much greater than 
aortic, for if it were, more blood would leave the LV, causing the pressure to equalise.
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When systole ends the LV begins to relax. LV pressure falls below aortic and the aortic valve closes, 
however aortic pressure remains above LA pressure, so there is a period of isovolaemic relaxation 
before the MV opens and EARLY atrial filling occurs. At normal heart rates LA and LV pressures 
equalise in mid-diastole and filling tails off and stops. Then there is atrial contraction (assuming the 
patient is in SR) and LA pressure rises, leading to a second wave of ATRIAL LV filling. The M-Mode 
septal MAPSE trace shows the MV annulus moving away from the apex as the LV relaxes, and then 
further away still as the LV fills again, this time during atrial systole.
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It is usual for SV to fluctuate beat to beat as changes in intra-thoracic pressure during the respiratory 
cycle (in both negative and positive pressure ventilation) alter LV and RV filling. Intensivists are used to 
looking for this phenomenon in numerous other monitoring modalities, including in the arterial-line 
waveform and on oesophogeal Doppler. Profound hypovoloaemia is one such condition whereby the 
normal SVV can become exaggerated.

This LVOT PW trace is from a patient with a large pericardial effusion. The dramatic SVV was one of the 
echo features that suggested impending tamponade. This resolved when the effusion was drained.
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These two images are from TOE, deep-TG views of the LVOT, and are analogous to the A5Ch view in 
TTE. This patient was in cardiogenic shock following emergency CABG surgery. The treating team 
wished to administer iv fluid in an attempt to increase CO. 250ml of CSL was administered rapidly. 
LVOT VTI was measured continuously and measurements made prior to the challenge starting and 1 
minute following completion of the infusion. LVOT VTI (surrogate of SV) increased by 6.5%. The 
treating team were advised that further fluids were unlikely to result in significantly increased CO at 
this time.

A PLR can be performed, to provide a reversible auto-transfusion. If this demonstrates fluid 
responsiveness the patient can be returned to a semi-recumbent position and fluid administered.
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This image is taken from a patient with severe MS. This is a PLAX RV inflow view, so the transducer has 
been angled to see the RV (near-field) and TV and RA (far-field), however an A4Ch view could also be 
used. Colour Flow Mapping (CFM) has demonstrated a jet of TR, and the cursor has been placed 
through the jet, recording a maximum velocity of the jet of 4.32m/s. Putting this value in to the 
simplified Bernoulli equation tells us that at this moment in time, the RV pressure was ~75mmHg 
greater than the RA pressure. The RAP was measured at 17mmHg using a central venous catheter, 
therefore we could estimate RVSP at 92mmHg.

If we can demonstrate low velocity flow across the pulmonary valve (in the PSAX view at the level of 
the great vessels) then we can assume that RVSP is essentially the same as PASP (because if they 
weren’t the same, then flow would have to be at a higher velocity), and the patient must have severe 
pulmonary hypertension.
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