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Quantitative assessinent of tricuspid regurgitation
using pulsed Doppler echocardiography
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SUMMARY Tricuspid valve regurgitation was assessed quantitatively by measuring blood flow veloc-
ity in the vena cava using a pulsed Doppler velocimeter. A non-invasive index of regurgitation was

obtained by calculating the ratio between the maximum amplitudes of the systolic and diastolic
components of the velocity curves. The index was compared with the angiographic grading of
regurgitation in 70 patients after right heart catheterisation; the results were closely correlated.
Using the Doppler index the differences between the groups defined according to their angiographic
grade were significant.
Thus measurement of blood flow velocity in the vena cava appears to quantify accurately the

severity of tricuspid regurgitation.

The evaluation of tricuspid regurgitation is frequently
difficult: clinical examination,1 jugulogram,2 jugular
vein flow measurement,3 and echocardiogram4 give
reliable information only in the patients with major
leaks. Contrast echocardiography of the inferior vena
cava has recently been proposed5; unfortunately, it is
neither specific nor quantitative. As exploration dur-
ing surgery is unreliable right heart catheterisation-
including selective right ventricular angiography-
has until now been essential.6 Since tricuspid regur-
gitation rarely appears in isolation, right ventricular
angiography must be performed at the end of the
invasive procedure; this, however, increases the risks
attached to the procedure. For this reason, tricuspid
lesions are often overlooked. This supports the need
for reliable non-invasive diagnosis of these lesions.
Recently, the non-invasive examination of the right
atrium using Doppler echocardiography has been
proposed for the diagnosis7 8 and semiquantification9
of tricuspid incompetence. The aim of this study was
to examine the possibility of quantitively assessing
tricuspid regurgitation by analysing the blood flow
pattern in the inferior vena cava.

Patients and methods

PATIENT SELECTION
Seventy patients admitted to hospital for the invasive
investigation of heart disease were studied. They
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underwent right heart catheterisation with right ven-
tricular angiography followed by Doppler echocar-
diography up to three days later. There were 39
women and 31 men (mean age 36 years, range 15-69).
Of these, 37 patients had mitral valve disease, 21 aor-
tic and mitral lesions, one aortic insufficiency, five a
prosthetic mitral valve (including one patient with
three), one an atrioventricular canal defect and aortic
regurgitation, one corrected transposition and infun-
dibular pulmonary stenosis, one Ebstein's anomaly,
one constrictive pericarditis, one cardiomyopathy,
and one isolated tricuspid regurgitation.

CATHETERISATION
All patients underwent right heart catheterisation
including selective right ventricular angiography. The
latter was performed using a catheter positioned with
its end close to the apex of the right ventricle; the
infusion rate of contrast material was 20 ml/s during
3 s; cineangiography was performed at 40 frames/s.
The degree of regurgitation was graded by two inde-
pendent observers according to a five-grade semi-
quantification: grade 0, no regurgitation of contrast
into the right atrium; grade 1, minimal flush of con-
trast into the right atrium; grade 2, major leak but not
resulting in total opacification of the right atrium;
grade 3, leak resulting in total opacification of the
right atrium but only after several systoles; and grade
4, regurgitation producing total opacification of the
right atrium on the first systole after the start of the
contrast infusion.
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DOPPLER EXAMINATION
The principle of pulsed Doppler blood velocity meas-
urement and the main features of the prototype used
in this study have been describedI0-'2 and are there-
fore briefly summarised.

Ultrasonic waves are emitted during an adjustable
period of 1-4 ,s with a pulse repetition rate of 5 or
10 KHz and an emission frequency of 4 MHz; the
ultrasound reflected by structures or backscattered by
blood cells is analysed for imaging and Doppler detec-
tion; the imaging system operates during the whole
period separating the pulsed bursts; it gives an
M-mode image corresponding to the axis of the
analysis and covering the maximum analysable depth;
the Doppler circuit operates only after a delay and
during a period which can be selected, so that depth
and width of the sample volume can be chosen. The
measurement is performed using the Doppler effect:
the frequency of ultrasounds backscattered by the
moving target is slightly different with respect to the
emitted frequency (F). This shift depends on F, on
the ultrasound propagation speed in tissues, on the
velocity of the target, and on the cosine of the angle
between the axis of propagation of ultrasound and the
axis of target displacement. Consequently, Doppler
measurement is not possible if ultrasonic beam and
flow are perpendicular, and no quantification is poss-
ible without the angle factor being known or elimi-
nated.
The Doppler signal consists of several frequencies

that may be displayed using a spectrum analyser. An
instantaneous mean velocity curve was used in this
study. It was obtained by using a zero crossing
counter; its accuracy is ensured, provided that the
signal-to-noise ratio is high and that a high pass filter
is used to remove low frequencies due to wall motion.

Fig. 1 Position of the transducer for recording the velocity
curve of the blood flow in the inferior vena cava.

The analogue velocity curve and the electrocardiog-
ram were monitored either with a two channel recor-
der or, together with the M-mode echo, with a
fibreoptic stripchart recorder (LS8 Honeywell). Dur-
ing the last part of the study we used a pulsed Doppler
velocimeter combined with a cross sectional imager.
The patient was placed in the supine position. The

transducer was located on the epigastric area or on one
of the lower right intercostal spaces to display the
inferior vena cava behind the liver (Fig. 1). The blood
flow in the vena cava was regulated by the heart and
by respiration. In about half the patients it was not
possible to obtain a suitable signal within the vena
cava; the flow curves were therefore recorded from
the end of one of the venae hepaticae, since they lie
slightly more superficially and at a more favourable
angle (Fig. 2) and their flow patterns have the same
characteristics as those of the vena cava.

Velocity curve patterns
The curves obtained during Doppler echocardiogra-
phy reflect the time dependent variations of the aver-
age velocity encountered within the sample volume.
They display blood flow approaching the transducer
as positive and flow running away as negative. The
curves were recorded during expiratory apnoea.
Normalflow-This was studied in 10 healthy sub-

jects (Fig. 3). The curves were consistent with previ-
ously reported patterns'3 14: there was a predominant
negative systolic component (s), the diastolic compo-
nent (d) had a smaller amplitude, it ended at the onset
of the atrial contraction which may produce a brief
flow reversal. In the patient with atrial fibrillation the
relative amplitude of the systolic component was

Fig. 2 Cross sectional imaging during a Doppler examination
of the inferior vena cava (IVC). The vena hepatica (HV) lies
more superficially at a more favourable angle in relation to the
ultrasonic beam.
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Fig. 3 (a) Simultaneous M-mode echo, (b) electrocardiogram, and (c) velocity curve showing variations
according to the severity oftricuspid regurgitation. Grade 0, no regurgitation; 1, minimal regurgitation; 2, moderate
regurgitation; 3, severe regurgitation; 4, massive regurgitation: s, systolic component; d, diastolic component; IVC,
inferior vena cava.

smaller and the end-di
peared (Fig. 4). It should
variations are heart induc

1i1I(D%V"--, "iO

Fig. 4 (a) Simultaneous M-
and (c) velocity curve in a pat
without tricuspid regurgitation
indicates direction of retrograd

astolic -'flow reversal disap- the vena cava or venae hepaticae lag in relation to the
be noted that since pressure events of the cardiac cycle owing to the venous com-
:ed the curves obtained from pliance; nevertheless, flow patterns are not modified

by the position of the sample volume as long as
recordings are not performed at the level of the distal
branches of the venae hepaticae.

Tricuspid regurgitation-In the patient with mild
regurgitation, the amplitude of the systolic compo-
nent decreased (Fig. 3, grade 1); if the regurgitation is

............ .moderate or severe the normal systolic anterograde
component is replaced by a positive systolic retro-

r * : W _-grade component (Fig. 3, grades 2-4), as has already
been shown during thoracotomy'5 or when a catheter
tip velocimeter is used.'6

X V A -AtA/ V Index of regurgitation-Since recordings were per-
formed at some distance from the heart and at some
distance from upstream vessel curvature we assumed,

PP.--~t......-. firstly, that the general shape of the velocity profile
4'/YV 1< e/ r \ a-s does not vary much during the cardiac cycle and thus

iv! v that a recording performed more or less close to the
t centre of the vessel is representative along the cycle;

*mode echo, (b) electrocardiogram, and secondly, that systolic and diastolic flows are at
ientwith atrial fibrillation and the same angle in relation to the ultrasonic beam.
0.O, zero velocity; t, time; arrow Under these conditions, the calculation of a ratio be-
reflow. tween two components of the velocity curve gives an
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nents of the curve. Sometimes in patients with sinus
rhythm or with decreased right ventricular com-

pliance the end-diastolic reversal component (Fig. 5)
may fuse with a systolic reversal flow, preventing any

clear delineation of the area related to the latter. We
therefore calculated the ratio of the amplitude meas-

ured at the end of the T wave of the electrocardiogram
to the peak diastolic anterograde amplitude.

Fig. 5 Velocity curve and simultaneous electrocardiogram in a
patient with impaired compliance of the right ventricle. 0, zero
velocity; arrow indicates direction of retrogradeflow.

index that does not depend on the angle and is rep-

resentative of velocity variations. Furthermore, since
the diameter modifications of the vena cava during the
cardiac cycle are small the index of velocity variations
can be considered to reflect the variations in the flow
volume in the vena cava. This type of ratio can be
calculated using either the velocity amplitudes or the
area between the baseline and the different compo-
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Fig. 6 Comparison of results between the Doppler index and
the angiographic grade of tricuspid regurgitation. Bars represent
means SD; n = 62.

Results

The interobserver and intraobserver reproducibility
of the curves was evaluated in 12 patients by two
different observers. Fig. 6 shows the results with the
Doppler technique and angiography.

DIAGNOSIS
When all the patients are considered the sensitivity
and the specificity depended on the value of the Dop-
pler index selected as the lower limit of normal: with a
limit at 1-3 the sensitivity was 1000/o and the specificity
40%; with a limit at 0-8 the sensitivity was 89% and
the specificity 1000/o. These results are due to the over-
lap between patients with grade 0 and grade 1 regurgi-
tations. If only moderate to severe regurgitations
(grades 2-4) are considered the sensitivity and the
specificity were 1000/o.

QUANTIFICATION
Using analysis of variance the Doppler index showed
a highly significant difference between the groups
defined according to the angiographic grade
(F=47-84; p<0O0001) (Table). On the one hand,
there were significant overlaps between the consecu-
tive grades (grades 0 and 1, grades 1 and 2, etc); on
the other hand, there was no overlap between grades 0
and 2, grades 1 and 3, and grades 2 and 4; the mean
value of the Doppler index increased progressively
with increasing severity of the tricuspid regurgitation
(Table). There was a correlation coefficient of r=0-90
between the angiographic grade and the Doppler
index.

Table Value of the Doppler index in relation to angiographic
grading of the severity of tricuspid regurgitation

Angiographic grade Mean SD

0 1-39 ±0-44
1 0-32 ±0-55
2 -0-36 ±0-26
3 -0-68 ±0-16
4 -1-43 ±0-22
Significance of difference (analysis of variance): between groups 0
and 1, p<0-001; groups 1 and 2, p<0-001; groups 2 and 3, p<0-005;
groups 3 and 4, p<0001.
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Discussion

FLOWS
Flows within the venae cavae are generated by pres-
sure gradients depending on the mechanical activity
of the heart.'7 18 In normal subjects the sum of the
effects of atrial relaxation and of ventricular systole
(with the lowering of the ventricular floor) generates a
systolic flow towards the right atrium. A second com-
ponent with the same orientation occurs during the
first part of diastole, corresponding to- the passive
flling of the right ventricle. During atrial contraction
the lack of a valvular system between right atrium and
venae cavae leads to a reversal of flow in the latter.

In tricuspid regurgitation the valvular leak allows
the onset of a systolic jet within the right atrium; it
may be detected as a murmur on intracardiac
phonocardiography.'9 This jet generates a pressure
wave which itself produces a flow wave. The amount
of regurgitant blood is the product of the mean jet
velocity multiplied by the size of the orifice through
which the regurgitation occurs; furthermore, thin jets
with high velocities-corresponding to moderate re-
gurgitation-may propagate far within right atrium.
The pressure wave accounts for the systolic expansion
of jugular veins and of the liver and for the systolic
flow reversal generated in place of the normal antero-
grade one within the venae cavae.

In atrial fibrillation the lack of atrial contraction
leads to a decrease in the systolic anterograde compo-
nent. There is, however, still controversy over
whether or not atrial fibrillation may induce mild
tricuspid regurgitation.20

M-MODE ECHOCARDIOGRAPHY
Most of the patients in this study were examined
using M-mode echocardiographic imaging. A few
were examined using a duplex unit combining the
pulsed Doppler velocimeter with a mechanical sector
scanner. This technology has not radically modified
either the technique or the results: it both aids local-
isation of the inferior vena cava and reduces the qual-
ity of the Doppler signal (signal to noise ratio).

Spectrum analysers have been proposed tor proces-
sing the Doppler signal. They display the different
components of the signal. In practice, they allow
easier pattern recognition but until now have not pro-
vided more accurate mean velocity curves than zero
crossing counters.

PATIENT EXAMINATION
The recording of a systolic jet behind the tricuspid
valve7 has been suggested as a method of diagnosing
tricuspid regurgitation: it has proved to be reliable in
several studies. An analysis of the propagation of the
jet within the right atrium has been proposed to
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Fig. 7 (a) Simultaneous M-mode echo, (b) electrocardiogram,
and (c) velocity curve showing the respiratory variations and
modifications due to atrialfluter. 0, zero velocity; t, time; V,
position of velocity sample volume.

evaluate the severity of the leak.8 The results indi-
cated an important overlap between the groups, prob-
ably because of the nature of the flows at the level of
the right atrium. Information obtained by this means
clearly depends on the shape of the jet. The calcula-
tion of a ratio at the level of the tricuspid orifice2' does

v Dk

d D d

0

VPC VPC

Fig. 8 (a) Velocity curve and (b) simultaneous electro-
cardiogram showing mod#fcations induced by ventricular
premature contractions (VPC): the left side shows recording with
VPC, the right side recording without rhythm abnormality: s and
d, components related to the sinus rhythm; S and D, components
corresponding to VPC.
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Fig. 9 (a) Simultaneous M-mode echo, (b) electrocardiogram,
and (c) velocity curve in severe tricuspid regurgitation: the left
side shows theflow pattern in the inferior vena cava (IVC), the
right side theflow pattern in the portal vein (PV); V, position of
velocity sample volume. *Indicates the systolicflow reversal.

not take into account the angle factor and the varia-
tion in the cross-section of the flows during the car-

diac cycle. The investigation of venae cavae has
already been proposed either peroperatively's or by a

non-invasive technique.8 These date are consistent
with our results.

In practice some technical points need to be
emphasised.

(1) As the vena caval velocities and the amount of
regurgitant blood vary with intrathoracic pressure-
in particular with respiration (Fig. 7)-it is necessary

to carry out the examination during open glottis
apnoea; this condition is more easily achieved at the
end of expiration.

(2) Some rhythm or conduction abnormalities may
be misleading, although they were not encountered
during our study. Atrial flutter may produce impor-
tant modifications of vena caval blood flow (Fig. 7); in
atrioventricular block each atrial contraction may
produce a flow reversal; premature ventricular con-

traction may produce a systolic component reversal
(Fig. 8); sometimes in patients with pacemakers car-

diac contractions due to pacing may produce a flow
reversal that is otherwise missing. When velocity
curves are recorded at the level of the vena hepatica,
in cases of major tricuspid regurgitation, the portal
flow may be confusing: it is blocked by the systolic
pressure wave which makes the liver pulsate (Fig.. 9).

(3) A poor setting of the high pass filters may also
produce misleading results. These filters are necessary
to avoid artefacts due to wall motion. Unfortunately,

they remove the low frequencies related to slowly
moving blood cells. If the cutoff frequency of the
filters is too high a small reversal component may be
cancelled.

(4) The size of the sample volume prevents the risk
of measuring a non-representative juxtaparietal veloc-
ity component.

RESULTS
The sensitivity and the specificity of the technique
depend on the threshold ratio selected. In our experi-
ence, a threshold of 0*8 gives a specificity of 100%;
recently, a study of a smaller number of patients8
proposed a threshold of 0*3. This difference is prob-
ably due to the well known limitations of the gold
standard. Nevertheless, in practice the method
appears to be highly specific. From a theoretical point
of view, Ebstein's anomaly could lead to false positive
results owing to the systolic contraction of the inter-
mediate chamber; fortunately, it is usually associated
with severe tricuspid incompetence.
For the quantitative evaluation of tricuspid leak the

correlation coefficient appears to be interesting.
Despite the overlap between the groups because of the
limitations of right ventricular angiography, our
results were appreciably better than those reported
with other non-invasive methods. This should not,
however, disguise the fact that the same leak can be
propagated differently in the vena cava in each patient
according to the compliance of the venous system. In
terms of quantification, the only comparable study
has been carried out during surgery"5; it showed
comparable results at the level of the superior vena
cava and using open chest measurement.

CONCLUSION
Doppler echocardiography allows recordings of blood
flow velocity curves at the level of the inferior vena
cava. The calculation of a ratio between systolic and
diastolic components of these curves gives an index
for quantifying tricuspid regurgitation. When com-
pared with those of catheterisation these results are
unequalled by any other non-invasive technique.
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