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Aortic blood velocity observanons complement echocardnography by readily giving

information on two important variables which are difficult or impossible to assess

echocardiographically: the overall effect of left ventricular contraction and serial
chanoes in left ventricular funcnon

A techmque which maximises convenience and reproduc'bxhty in the measurernent

* of mainstream aortic blood velocity has been described 1), 2), 3).In Transcutaneous

Aortovelography (T.A.V), a relatively wide beam of continuous ultrasound is used
which is directed from the suprasternal notch towards the transverse aorta (fig. 1).

(A near-tangential approach to flow is obtained which virtually eliminates the-effect

fig. 1. Measurement of aortic blood velocity by transcutaneous aorté\}elogmph.y.—o‘;;er_aﬁqn of

the instrument by doctor, nurse or technician is simple and quickly learnt. There is no discom-
fort to the patient, who is preferably supine, as this position generally allows a better signal to
be obtained.
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of the angle term in the Doppler equation 4) (fig. 2). Mainstream blood velocity can
thus be calculated, without the need for any calibration, from the highest negative
Doppler shift in the signal backscattered at any one time by the red blood corpuscles
moving in the arch. The same applies to the signals from the pulmonary artery
which may be obtained in children and a minority of adults by the approach ’2” in
fig. 2a. ?
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“Althoug}: rﬁeans exist for disglaying this higﬁeg Dopplér shift in'i'soiétigr; 5),6),7),

the full spectrum is displayed on-line for the sake of reliability: A sharp outline to
the spectrum verifies that mainstream flow has indeed been insonated 8), while the.
occasional presence of interference from flow in the innominate vein is usually. -
visible in a different shade of grey. Another advantage of spectral analysis is that the
spectral outline is visible even for signal-to-noise ratios below unity, so that measure-
ments can be carried out in patients giving poor return signals.
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ﬁg.'Zé. l.aterzﬂ view of transducer positions and ultrasonic pathways to aortic arch and pulmo-
nary artery trunk. In each case systolic blood flow is receding and some of the flow is within
260 of the direction of the ultrasound beam, so that reproducible velocity measurements can be

. obtained by calculation from the highest instantaneous negative Doppler shift in the signal
__backscattered by the red blood cells. - > ;
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fig. 2b. For quantitative and reproducible Doppler velocity (v) measurements, the angie 8 be-
tween flow and ultrasound beam must in general be accurately known and exactly reproduced
in serial measurements. Exceptionally, for nearly in-line incidence, there is a wide tolerance on
the angle (up to + 26° from exactly in-line for = 5 percent accuracy). This is a consequence of AT
the cosine-dependence of the Doppler shifts, which are given by A f=2.55v cos & for a 2MHz
beam. The figure indicates the angular tolerance (shaded bars, bottom) for+ 5 percent measure- o
ment reproducibility. Actual angles corresponding to this tolerance are also shown. LA
The diréction-resolvin5'co'ntinuous-w‘ave system and a display highlighting the maxi-
mum negative Doppler shift, which are used in the instrument, reject most unwant-
_ed signals while avoiding the adjustment required to find the appropriate depth i - ﬁ
_ ‘which would be required in a range-gated (pulsed) system Ranoe/velocxty amblomty ; : |
problems are also avoided. :
Verification : 0 A
Comparisons during diagnostic catherisation with intravascular blood velocity mea-
_surements by electromagnetic catheter, (S.E. Labs.) showed good proportionality
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{ e fig. 3. -Aortic blood velocity measurements. Normally, only negative Doppler shifts (from
blood rcceding from the transducer) are analysed; (a) - (€). A distinct outline to the spectrum
(darkencd area) indicates the time-course of mainstrcam flow velocity during systole. The verti-
cal scale is common to traces (a) - (g). Derived variables of haemodynamic interest are shown, as
is an approximate form of waveform analysis in which triangles are circumscribed round the

systolic complexes. The area of the complex is a measure of stroke volume in any one subject_
a) Normal waveform: a smooth outline indicates laminar flow. _ )
b) Normal waveform: a short spike, indicating minimal flow disturbance, is commonly seenjust
after the systolic peak in young subjects. (T.M.A. = tissue motion artefact). <
¢) Sustained irregularity of outline with delayed onset is found when there is an upstream  ob-
struct:on to flcw, as in aortic stenosis.
* _d) Characteristic double peaks, or a *shoulder’ on the downstroke are found in obstmcted beats

- ke in hypertrophic obstructive cardiomyopathy. The R-spike from a co-recarded ECG is seen -

projecting downwards before each complex. -~ .

P : 3 ¢) Haemodynamic impairment following myocardial infarction is typically sxgnalled by reduced

peak velocity and ejection time. Acceleration is not necessazily subnormal dun.ng early sys-
.. tole, but is poorly sustained. :
:f) Aortic backflow (in addition to systolic branch artery flow, "B”) is seen below the rmsed

-] . © versal.
] : g) Excess backflow indicates aortic regurgitation, the severity of whzch can be estimated from
: J-. . theratio of the systolic and diastolic areas. (Trace (g) was assembled from separate record-
= ings of forward and reverse flow).
f’j .. 'h) By the use of an intercostal approach (fig. 2), blood velocity can also be measured in the

- -+ pulmonary artery (i) of children. This exceeds aortic blood vclocxty (ii) in cases of severe left
sl to nvht shunts asin the 4:1 shunt ulusfrated

9) in each of 7 subJects between peak velocmes recorded by the two ‘techniques
(S.D. = 6 percent), with the degree of agreement on absolute values which might be

portionality was also observed between the area of TAV systolic complex and stroke

volume as calculated from dys dilution studies (S.D. = 13 percent) 9). It did not,
however, prove possible to calculate with adequate accuracy the absolute cardiac

output when a single aortic diameter measurement was also available, one probable

; _reason being the non-circularity of the aortic cross-section which has been obsarved
0 in some individuals.. These findings have been confirmed by Mackay & Hechtman

) outhne follower. :
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sistency 11) found in multi-observer reproducibility trials (S.D.= 7 percent) provide
circumstantial evidence that the measurement is of actual mainstream blood velo-

£ city. Hypodynamic and hyperdynamic conditions can therefore be recognised as

deviations from the normal range. Normal peak blood velocities were found to be
remarkably independent of age throughout childhood 12) (135 cm/s:18 cm/s S.D.),
but to fall aradua.lly' with age in the over-thirties.
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zero linein a bl-du'ectlonal dxsplny. ThJ.s trace shows the normal brief post-systohc flow re-

expected in view of the difficulty of placing the catheter in mainstream flow. Pro- 2y

10) using éssentially the same technique, and by Huntsman etal 7) usmg aspectral -

The hcgli*éi-blcr -anbglc-c'lcb—éux{dehce of the_sxgnal 8) around fh'é“oApﬁh{ﬁmiénd the con- -
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! " Quantitation M T E b i
; Quantitation by TAV is thus in terms of blood veIocnty (peak and mean), expressed
i in cm7s. Relative blood flow - including the ratio of serial cardiac output values-can =

fiki also be quantitated by virtue of the close proportionality 9), 13) which exists under -

iy

most circumstances in any one subject between mean blood velocity and volume

blood flow in 1/min. A single simultaneous measurement of cardiac output by
another technique is required to ’calibrate’ the patient when absolute values of car--

diac output are essential. However, abnormalities of the absolute level of cardiac

output appear to be reflected in abnormalities of the mean aortic blood velocity - :
and usually also in the waveform pattern. It is thus likely that most - if not all - of -

5 e the clinically useful information on cardiac output presently obtained from invasive

measurements is available in TAV recordings, with extra mformatxon on the manner
of left ventncular ejection being given by the pulsatﬂe waveform. I

'Appllcanom . ; :
-Applications fall into two categories, patient assessment where abnormalities of :
- .- scale or of wave shape give the required information, and serial monitoring in which -
‘the relationship between blood velocity and blood flow allows changes in body per-
", fusion and left heart action to be observed. The results of several reproducibility
studies suggest that changes exceedmg 10 percent can be detected with greater tham
o ‘90 percent confidence. : ! : - :

Patient assessment -

Abnormalities of scale: abnormally high velocmes are seen in thyrotox:cosxs and
severe anaemia, while low values are found in a variety of hypodynarnic conditions,
:including hypovolaemia. In severe ischaemic heart disease and hypovolaemia, ab-
normally short flow-time ratios (ejection period divided by cycle period) are also
found, (fig. 3¢). Back flow in excess of the brief physiological post-systolic flow
reversal indicates aortic regurgitation. Backflow is seen (in addition to systolic flow
in the branch arteries and occasional venous signals) below the centre-zero line ina -
bi-directional display. (fig. 3f,g). Quantitation of aortic regurgitation (fig. 3g) iy
appears to be feasible by comparing the area of the forward stroke volume withthat
of reverse flow velocity 14). This is in spite of the often appreciable variation in .
aortic cross section and flow proﬁle which exnsts in this condmon between systole

and dxastole *

el LT Sustained irregularities of outline, ind'icatingv turbulence, are seen in aortic stenosis- - - .. . . -

and other conditions in which the left ventricular outflow tract is partially obstruct- - e
ed (fig. 3c). Quantitation-is not possible while an irregular outline indicates that i Sa
edd;es are supenmposed on the forward motion of the blood

_’"Ao;’tie'and mitral regurgitation can also bne assessed from the non-—qnnntitative’eé;ﬁc velocity'~
i ‘waveform which may be obtained from more elementary instrumentation 19),-20). This how-
_ .- ever, requires expert and relatively time-consuming handling. :

.
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- observations over a period of time would no'longe; be comparable 15).

In Hypertrophic obstructive cardlomyopathy, a chamctenstxc double ejectxon or a
plateau on the down-stroke are seen in obstructed beats, (fig. 3d), which may if
nec_essajfy.be provoked for diagnostic purposes by suitable manoeuvres 14).

Marked respiratory modulation of peak velocity and area of systolic complex may
be found in constrictive pericarditis and cardiac tamponade, and is also seen in other
circumstances when the circulation is embarrassed. Irregular beat to beat vanatlons

qf stroke volume are evident in arrythmias, e.g. the ectopic in fig. 3c.

—_————

In severe left to right shunts, pulmonary artery velociﬁes have been found to be
higher than aortic velocities (fig. 3h). As the cross-sectional areas of the two vessels
are not usually comparable in this condition, the ratio of velocities does not neces-
sarily give the volumetric flow ratio. The extent to which such velocity comparisons
are useful in the evaluation of shunts is currently being studied 14). ‘

Momtormg applications A
Aortic blood velocity is a more dn'ect mdex of body perfusxon and left ventricular

.. function than variables like blood pressure, central venous pressure and left atrial
pressure which are commonly used in intensive and coronary care. It, however, also _
supplements these latter measurements and makes them more readily interpretable.

Trends and the patients response to therapy can be seen - the latter is particularly
valuable when the therapy involves lowering of the blood pressure. Compared with

" measurement of limb temperature, aortic velocxty observatxons give much earher_
" :indication of haemodynamic changes.

The product of the area of systolic complexes and the heart rate, or - a du'ect

‘equivalent - the mean (time-averaged) blood velocity, gives an index of blood flow

in any one patient. To a good approximation, the ratio of serial flow values in the
descending aorta equals the ratio of observed mean blood velocities 9), 13). Under
most circumstances, this also equals the ratio of serial cardiac output values. In very
low output conditions, however, when the autoregulation of the cerebral autoregu-
lation is intact, TAV observations become a more sensitive indicator of changes in
cardiac output 9). The only known exception to the reliability of serial blood velo-
city observations as a guide to circulatory changes are conditions in which the

proximal aortic tract is progressively compressed. This will affect the otherwise .

stable transverse velocity profile in the individual subject, so that blood velocity

- In addition to changes in mean flow velocity, changes in waveform details are also

significant: Peak velocity and often flow-time ratio (ratio of systole to cardiac cycle
period) give a good indication of changes in a panent’s condition and are readxly
assessed by inspection.

In addition, systolic acceleration, an mdex of contmcnhty of the left ventricular
myocardium, can be obtained from the recordings, but requires careful interpretat--
ion: An increase in acceleration may be the result of improved left ventricular

function or of increased sympathetic stimulation, the latter often indicating in- .
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? creased ’stress” and deterioration in severely ill patients 13). These alternatives can
howeyer be resolved by attention to other aspects of the waveform, particularly the
flow-time ratio.

Compared with invasive methods, TAV has the advantaoe of being usable from ad-
mission - without delay for the placement of catheters - right through to long term
follow-up. During the period of active treatment 16), 17), 18), the availability of -
immediate feed-back .on its effect on blood flow widens the range of therapeutic
options. Thus blood volume manipulations, the effect of which is difficult to assess
a pnon , may be undertaken and optimised in the light of the cu'culatory response.

The effect of lowenng the blood pressure can similarly be observed and settings of '
pacemakers- and positive end expiratory pressure in ventilators can be optimised.
Drug dosage may be titrated (fig. 4) and the most favourable of altemnative agents
(e.g. anti-hypeitensive, antx-arrthymxc) may be chosen in the hbht of the individual .
respanse. i
leztanom :
With the greysscale spectral display provxded artefacts are readﬂy recogmsed and
- . seldom seriously impair the usefulness of the recording. The main limitation of the .
; technique is that a small minority of patients, including those in whom a tracheos-
‘tomy interferes with transducer placement, give inadequate signals. An oesophageal
.transducer 21) should offer a modestly invasive altematwe when the transcutaneous
'approach fails. .

e g

Other appltcatlons of TAV TEL
Other clinical uses exist for the instrumentation, whxch is in essence a dxrectmn-re» SR
solving Doppler system with deep penetration and high rejection to tissue move- -
ment artefact: Obstructive disease in the aorto-i_liac segment can be detected by
comparison between the velocity waveforms in the abdominal aorta and femoral
arteries, while the nature of flow can be observed in the portal vein and inferior

~vena cava. From the suprasternal notch, signals can also be obtained from the as-
cending aorta, but in the absence of range-gating they can be difficult to resolve

. from the similarly directed branch artery flow. Although the ascending aorta is
apparently the vessel of first choice for Doppler observations of cardiac function,-
this site has a number of practical disadvantages compared with the transverse
aorta: the flow pattern tends to be relatively complex (e.g. the vortices in the sinuses
of Valsalva), the pressure on the transducer needed to direct the beam behind the
sternum is often uncomfortable for the patient, and - perhaps most imp_ortént -itis
not usually possible to obtain the nearly in line approach to flow, which is required
for quantitative velocity measurements. Much of the potential of non-invasive blood
velocity observations in the deep thoracic and abdominal vessels is still unexplored,

. and new applications are likely to emerge.
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;‘xg‘4 TAV in patient management - titration of ~di'!;§_tfos'a'§é:-$exi.a'l' TAV measurement on a g

patient admitted in a moribund condition with barbiturate overdose (1st trace). Intensity of
therapy (predominantly by isoprenaline) is indicated by the widih of the black bar. The in-
fusion was temporarily stopped after 3 hours to determine the degree of circulatory recovery
(4th trace). Subsequently the infusion rate was repeatedly adjusted so as to maintain a roughly
normal-looking record. Therapy was discontinued after 7 hours when clinical recovery had
taken place. The last recording was obtained 30 minutes later. Readings of blood pressure
(systolic/diastolic), central venous pressure and temperature difference between toe and rectum
taken at the time of the TAV recordings are also shown. The haemodynamic. effect of blood
volume manipulation, pacemaker or xespuator settinrgs can umﬂarly be observed by this non~
invasive technique.

Conclusion

'A number of trials have shown that TAV offers a quantxtatxve and reproduc'ble

non-invasive technique for measuring phasic blood velocity in the aorta. Experi-
mental evidence also supports the theoretical expectation that - in the absence of
progressive aortic distortion - such blood velocity measurements give a reliable and
reasonably accurate index of body perfusion and left ventricular function. Many
forms of malfunction (including hyperdynamic and hypodynamic conditions) and -
abnormalities of the’left ventricular outflow tract are readily detected on inspection
of the waveform, while changes give quantitative evidence of disease progression or
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the effect of therapy. The technique is easily learned and simple to use on the
majority of patients. In clinical trials it was found to give information of value in
initial patient assessment, in the monitoring of trends and in guiding effective treat-
ment, :
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