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INTRODUCTION: It is important to detect and 
evaluate Tricuspid Regurgitation (TR) because it may lead 
to increased long-term morbidity and mortality. Invasive 
methods of quantitating TR severity have major limitations 
and pitfalls. Color Doppler is the most practical of the 
noninvasive quantitation methods. This can be used in the 
assessment of systolic flow reversal in the vena cava and 
hepatic veins, effective regurgitant orifice (ERO) by proximal 
isovelocity surface area (PISA) & volumetric method and 
visual assessment of TR jet but all have limitations. Vena 
contracta width (VCW) have been used to assess severity of 
mitral and aortic regurgitation. Therefore, VCW has 
potential as a simple but physiological index of TR severity 
but remains to be validated. 

OBJECTIVE: To assess usefulness of VCW by color 
Doppler imaging in qua.ntitating severity of chronic TR. 

INTRODUCTION 
Tricuspid regur gitation (TR) is a common 

echocardiographic finding and can be due to intrinsic valve 
abnormalities1 or to functional regurgitation with a structurally 
normal valve2

•
3

• In the clinical setting, it is important w detect 
and evaluate TR because it may lead w increased long-term 
morbidity and mortality3.4. Retrospective studies have
indicated that significant residual TR after mitral valve surgery 
results in suboptimal immediate results and poor late 
outcome5-

7
• Furthermore, significant echocardiographic TR 

can be subclinical in a substantial number of patients. In a 
study done by Shapira et al in 66 patients with 
echocardiographic markers of moderate or severe TR, 28 
patients (42.4%) did not have clinical TR8

• Therefore, with 
improvements in surgical methods and encouraging results 
of rricuspid repair, more liberal surgical indications have 
been recommended in  patients with marked TR9

•
10

. 

Consequently, there is renewed emphasis on determining, 
simply but reliably, the severity of TR for clinical decision 
making2

• 
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METHODS: The VCW of 50 patients with chronic 
TR, from January to October 2000, were measured using 
color Doppler imaging. The values ofVCW were compared 
using statistical analysis to ERO by volumetric method and 
regurgitant index. 

RESULTS: This study has shown that there is a good 
correlation between VCW and ERO by volumetric method. 
The VCW also showed significant correlation with TR jet 
severity by regurgitant index. 

CONCLUSION: Direct measurement of the VCW is 
a new and promising method for quantitating severity of 
TR. 

( PJC 2002; 30:65-72) 
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For the assessment ofTR severity, invasive methods have 
major limitations and pitfalls11

•13, and there have never been 
reference methods 1 /4. Noninvasive quantitation of TR 
remains a challenge. Of rhe available methods, color Doppler 
examination is the most practical for assessing the severity 
of TR. It can do so in most cases with reasonable accuracy 
that satisfies clinical requirernents 15 but has i1nportant 
limitations in the assessment of larger TR jets16

• Systolic 
flow reversal in the vena cava and hepatic veins is a useful 
sign of severe TR17•

19 but is not quantitative and does not 
provide a full description of the entire spectrum of TR. 
Calculation of the tricuspid regurgitant orifice area by the 
color Doppler proximal isovelocity surface area (PISA) 
method is also clinically usefu!2°-22 but cumbersome because 
it requires multiple measurements. Therefore, the subjective 
visual assessment ofTR often remains the only mcrhod used 
in routine clinical practice23

. 

The development of color Doppler flow mapping allows 
one to visualize the spatial distribution of blood flow within 
the heart. The ability to visualize regurgitant jets has resulted 
in attempts to estimate regurgitant volume from the spatial 
distribution of the color jet24

• There are however, flow 
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conditions at the leaking valve that limit the importance of 
the Doppler technique. The flow conditions include: 
contraction of the flow, core flow dimensions, friction, 
intrusion and width of the jet flow. Contraction occurs at 
the entrance to the orifice and causes the width of the jet at 
the orifice to be smaller than the orifice itself. The jet reaches 
a minimal area at the vena contracta where the flow velocity 
is close to chat expected from the Bernoulli equation25. 

Recently, there has been considerable interest in color 
Doppler imaging of the vena contracta for quantifying valve 
regurgirarion26

·
29

. The vena conrracra is the smallest 
regurgicant flow area immediately beyond the flow 
convergence region and before expansion of the turbulent 
regurgitant jet30 and corresponds hydrodynamically with the 
effective regurgitant orifice area (ERO) 31. In vitro studies 
support the concept chat measurements of the color Doppler 
size of the vena contracta directly represent the size of the 
regurgitant orifice32

·
35

. Hence, recently, in vivo color 
Doppler measurements of the vena contracta width (VCW) 
have been used to assess severity of mitral26

· 
27

• 
36

•
38 and aortic 

regurgication28
•
30

• Therefore, the VCW has considerable 
potential as a simple but physiologically meaningful index of 
severity of TR bur remains to be validated. 

METHODS 
Patient Population. The inclusion criteria for this study 

are: 
1) presence of TR of at least mild degree, as determined

by standard color-flow Doppler imaging
2) presence of sinus rhythm or regular rhyrhm in paced

panencs
3) quantitative Doppler assessment of the severity of TR 

with ERO by volumetric method
4) evaluation of the VCW of TR.

Exclusion criteria are: 
1) presence with color-flow Doppler imaging of more than

one tricuspid regurgicant jet
2) acute TR
3) pulmonic stenosis or cricuspid stenosis
4) poor quality echocardiograms (i.e., impossible edge

detection, low-quality Doppler signal)
5) concomittant significant pulmonic regurgitation

Doppler echocardiography. The scudies were performed
with ATL HDI 3000 (Advanced Technology Laboratories, 
High Definition Imaging 3000) ultrasound machine with a 
2 .5 MHZ phased-array transducer. They were recorded on 
VHS tapes for off-line review and analysis. All patients had 
a two-dimensional and Doppler echocardiographic study 
using standardized precordial and apical imaging planes. 
Color-flow Doppler imaging were ob rained with rhe standard 
color encoding system. Patients were put in the left lateral 
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decubitus posmon for the apical and parasrernal right 
ventricular inflow views. The presence or absence of an 
eccentric TR jet was determined on the basis of the direction 
of the jet immediately below the regurgitant orifice16• Right
sided measurements were made from the apical four-chamber 
view. The mechanism of the TR was determined based on 
the analysis of the right ventricle, tricuspid annulus, subvalvar 
apparatus and valv:e leaflets. Organic regurgitation is related 
to intrinsic abnormalities of the tricuspid valve such as valve 
thickening, doming, or restricted motion8

• Functional 
regurgitation is characterized by normal valves and enlarged 
annulus8

• 

VCW The color Doppler images of rhe vena contracra 
were obtained from an apical view. The narrowest sector 
angle of imaging was selected to optimize the imaging frame 
rate. The gain was adjusted step by step to obtain the 
maximal color gain level chat did not introduce signal outside 
of flow areas28

• Considerable care was taken to visualize 
the vena contracta, defined as the narrowest neck of the 
regurgitant flow just distal to the flow convergence region. 
Measurement of the VCW was made in midsysrole by an 
investigator unawar_e of the result of the regurgitant index 
and ERO by volumetric method. The values of 
measurements of three consecutive cardiac cycles were 
averaged in each patienc. 

In all 20 patients, measurements of the VCW were 
repeated independently by a second observer for determining 
incerobserver variability. 

Regurgitant Index. The maximal regurgirant jet area 
was chosen for measurement. The area included aliased 
signals as well as the immediately contiguous nonrurbulent 
velocities chat are moving in the same direction as the jet. 
Right atrial (RA) area was traced on the same frame as the 
maximal jet area. Regurgitant index is defined as the ratio 
between jet area to RA in the same cardiac cycle8

• 

ERO by Vo!ttmetric Method. Tricuspid regurgitant 
stroke volume (SV) was calculated as the difference between 
rricuspid and pulmonic forward SY integrated by pulsed 
Doppler. Regurgicanr fraction was calculated as cricuspid 
regurgitant SV divided by tricuspid SV. SY across across 
the pulmonic valve was calculated by multiplying the cross
sectional area at che level of the pulmonic annulus by the 
time-velocity integral of flow across that valve. Area was 
calculated from the peak diameter at the insertion of the 
pulmonic leaflets in the parasternal short axis view, assuming 
a circular configuration . Outflow velocities were obtained 
by pulsed Doppler echocardiography from the apex with 
rhe sample volume at the level of the measured diameter 
and scanned radially for optimal alignment with flow. The 
time-velocity integral was calculated by tracing the modal 
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velocity (darkest portion of the velocity spectrum, 
representing the greatest number of scatterers) and averaging 
over 3 beats. The product of area and time-velocity integral 
provided stroke volume39

• 
40

• Tricuspid SV was calculated 
as the product of peak tricuspid valve cross-sectional area 
at the level of the leaflet tips from the parasternal short-axis 
view multiplied by the time velocity integral of modal velocity 
at the level of the leaflet tips by pulsed Doppler 
echocardiography in the apical four-chamber view (mean 
of 3 beats). 

Tricuspid regurgitant jet v�locities were measured by 
continuous wave Doppler directed from the apex through 
the jet origin co provide the highest, most continuous velocity 
envelope. Peak velocity and time-velocity integral were 
measured off-line on the ATL HDI 3000. Effective 
regurgitant orifice area was calculated as pulsed Doppler 
regurgitant stroke volume divided by the time-velocity integral 
of continuous wave Doppler orifice velocity. 

STATISTICAL ANALYSIS 

Descriptive results were expressed as mean value of 
Standard deviation (± SD) for continuous variables and as 
percentages for categorical variables. Continuous data were 
compared by Student r rest and categorical data by the chi 
square rest. Color Doppler width of the vena contracta was 
related to the ERO area obtained by volumetric method 
with linear regression in the entire group and in subgroup 
of patients with eccentric jets and those with noneccentric 
jets. Comparison of regressions between these two 
subgroups was performed using analysis of covariance. The 
relation to categorical variables was assessed by Spearman 
rank-order correlation. The optimal threshold of the VCW 
to classify patients with and those without severe TR was 
determined by testing the whole range of VCW by 
increments of 0.5 mm. The sensitivity, specificity and 
positive and negative predictive values for each threshold 
were calculated. The receiver operating characteristic (ROC) 
curve will also be calculated for the diagnosis of severe and 
not severe TR for the vena contracta width and jet/right 
atrium ratio, and the areas were compared using the paired 
r test. A value of p <0.05 was considered statistically 
significant. 

RESULTS 
Patients. The study included 50 patients (age, 55 ± 15 

years; 21 men and 29 women) with TR fulfilling the eligibility 
criteria. All patients were in normal sinus rhythm. TR was 
of organic cause in 16 patients (rheumatic in 11, prolapse 
in 4, endocarditis in 1) and functional in 34 (due to left 
heart disease in 30, to chronic obstructive pulmonary disease 
in 4). Pulmonary hypertension with systolic pulmonary 
artery pressure> 50 mm Hg was noted in 28 patients. Severe 
TR was observed in 17 patients, and diagnosis was based 
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on one criterion in 3 patients and on two criteria in 14 
patients. The baseline characteristics of the overall 
population and of the patients with and those without severe 
TR are reported in Table 1. 
Table I. Baseline Characteristics of the Patients With or Without 
Severe Tricucspid Regurgitation 

Severe TR 

Overall :\hmc Present Pvalue 
(n=35) (n = 15) 

Age(yr) 57±13 55 ±.14 61 ± 13 .035 
Male(%) 21 16 5 .006 
PY annulus (cm) 2.3±-28 2.3±-26 2.3.±. .31 <.0001 
1Vannulus(cm) 2,9±.38 2.8±,38 3.1 ±.38 .008 
Right atrial area (cm2) 14±4.7 13±4.8 15 ± 4.9 .066 
Jecacea (cm2) 5.3±2.4 2.2±2.2 6.8±2.6 <.0001 
Qet/RAarea) o/o 24± 12 15 ± 11 43 ± 10 <.0001 
Vena comracca width 6.3 ± 1.9 4.6±1.7 8.2±2.4 <.0001 
Regmgicanc volume (ml/beat) 37± 16 24± 14 59± 17 <.0001 
ERO(cm2) .54±.30 .32±.21 .85±.41 <.0001 

VCW of TR. The mean VCW was 6.3 ± 3.2 mm 
(range, 1.9 tol2.5 mm). A good correlation was found 
between the VCW measured with color-flow Doppler 
imaging and the ERO area calculated with the volumetric 
method ( r = .65, p < .0001) (figure 2). This correlation 
between VCW and ERO was comparable in 40 patients 
with noneccentric jets (r = .75, p <.0001). Among the 10 
patients with eccentric jets the VCW and ERO showed no 
significant correlation (r = .20, p .26). This may be due to 
small sample size of this subset. The VCW showed 
significant correlation with regurgitant volume (r = .76, p < 
.0001). The correlations between VCW and ratio of jet 
area to RA area were weaker ( r = .60 and .65, respectively) 
although significant ( both p < .0001). This correlation was 
comparable in 40 patients with noneccentric jets (r = .55, p 
<.0001) but also showed no significant correlation in patients 
with eccentric jets (r = .45, p .07). This may also be due to 
the small sample size. 
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Figure ·1. Correlation between the VCW and the regurgitant index 
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The reproducibility of VCW was excellent. In the 20 
patients, measurement of VCW by a second investigator 
showed low interobserver variability, with highly significant 
regression ( r = .97, p <.0001). 

Diagnostic value ofVCW for severe TR. The baseline 
characteristics of patients with and those without severe 
TR are listed in Table 1. In the 17 patients with severe TR, 
compared with chose without severe TR, the ERO and 
regurgitant index (RI) were all larger, confirming the 
appropriateness of the diagnosis of severe TR. In severe 
TR, the VCW was larger (8.1 ± 2.3 mm vs. 4.6 ± 1.7mm, 
p < .0001), in correlation with the ERO by volumetric 
method and regurgitant index (both p <.0001). 

Comparison of the association wich the degree of TR 
between VCW and jet measurements showed that 
correlations were stronger with VCW. The comparison of 
correlations showed that the correlation between ERO and 
VCW was significantly stronger than those between ERO 
and jet-to-RA area ratio (both p <.0001). For the diagnosis 
of severe TR, the area under the ROC curve regarding the 
VCW was excellent (0.95) and was significantly better than 
those obtained for the ERO by volumetric method (0.80, p 
= 0.01) ( Figure 2). 
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Figure 2. Receiver operating characteristic curve for the diagnosis of 
severe TR, using as independent variables the width of the vena 
contracta and jet/right atrial area ratio (RI). 

The various thresholds ofVCW for identifying patients 
with severe TR are shown in Table II, with their respective 
diagnostic values. All except 1 of the 18 patients with a 
VCW > 7.5 mm had severe TR, and none of the 32 patients 
with a VCW < 7 mm had severe TR. The threshold of 7 
mm showed the lowest difference and a high sum of 
sensitivity and specificity. 
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Table II. Diagnostic Values of Various Thresholds of VCW to Identify 
Severe TR 

Threshold 
Value ofVCW 
(mm) 

7 
7.5 
8 

8.5 
9 

9.5 
10 

Sensitivity 
(%) 

94.6 

94.6 
94.6 
94.6 
94.6 
97.3 
97.3 

Specificity 
(%) 

84.6 
69.2 
53.8 
46.2 
30.8 
30.8 
30.8 

PPV 
(%) 

94.6 
8 9.7 
85.4 
83.3 
79.5 
80.0 
80.0 

NPV 
(%) 

84.6 
81.8 
77.8 
75.0 
(£,.7 

80.0 
80.0 

NPV = ntgntiv, pr,dictiv, value; PPV = p01itivt predictive value; VCW = 
vena contracta width 

DISCUSSION 
The results of this study indicate that measurement of 

the VCW using color-flow Doppler: 1) can be reproducibly 
performed in patients with various degrees and causes of 
TR; 2) shows close association to the ERO by volumetric 
method and R1 in patients with noneccentric jets; and 3) 
identifies, with high sensitivity and specificity patients with 
severe TR and thus, is a useful cool for assessing severity of 
TR. 

Assessment of TR. A common limitation of all clinical 
studies of regurgitation is the lack of an accurate gold 
standard. However, failure to correct significant TR at the 
time of associated aortic or mitral valve surgery adversely 
affects prognosis. Grondin et al reported that of 13 patients 
with TR without cricuspid valve surgery at the time of mitral 
valve surgery, 7 died during hospitalization and 4 of 6 
survivors remained physically limited53

. Pleuth and Ellis 
reported in patients with mitral valve replacement with 
uncorrected TR a 7% incidence of progressive deterioration 
due to TR or low-output state, a 15% incidence of failure to 
improve in survivors and residual tricuspid insufficiency or 
right-sided CHF in 42%53

. The angiographic grading 
method is highly subjective and affected by such variables 
as catheter position, rhythm disturbance, chamber size, 
forward flow, amount of dye injected, and radiogram 
penetration54

• Despite known limitations55 , visual assessment 
has become the most common method used in daily clinical 
practice. The color Doppler jet size is widely used for 
assessment of the degree ofTR but has important limitations. 
The jet area has been reported to correlate with angiographic 
grading2.4 1 and quantitative Doppler echocardiographic
methods16

• However, regurgitanr jet area, even corrected 
for the receiving chamber size, is strongly limited by its 
dependence on hemodynamic conditions33

, instrument 
settings32 and jet interaction with receiving chamber42

• The 
flow-convergence method is quantitative2° but is not widely
used in clinical practice because it is complicated by
geometrical assumptions regarding the shape of the proximal
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flow-convergence zone as well as the difficulty of precisely 
measuring its radius21• Therefore, a simple but quantitative 
method such as the vena contracta may have an important 
clinical role in the assessment ofTR. 

VCW as an index of severity of TR. The vena contracta 
area corresponds to the ERO area, that is, the hemodynamic 
regurgirant area, which is smaller than the anatomical 
regurgitant area due to the contraction of flow as it 
accelerates through rhe regurgicanr orifice. Experimental 
studies have suggested that the vena contracta area provides 
unique information with regard to severity of the 
regurgitation because ir is a direct measure of the ERO 
area28

· 
38

• Other factors, such as instrument settings, that 
influence mainly the regurgitant jet area do not significantly 
affect VCW43

• 
44

. 

Previous in vivo studies have supported the idea that 
color-flow Doppler imaging ofVCW is a useful and simple 
index for quantifying mitral regurgiration26

•
28 and aortic 

regurgication28
•
30

• Three-dimensional imaging has confirmed 
that Vena Contracta area measures the mitral ER045

. 

It is uncertain whether proximal jet size is identical to 
VCW because the vena contracta measurements requires 
recognizing the three components of regurgirant flow, that 
is, the flow convergence, the turbulent jet and, in between 
these two components, the narrow neck of the vena 
concracra. Nevertheless, these data were promising but 
included a small number of patients and few with severe 
regurgitacion46

. To the best of our knowledge, this study is 
the first to analyze, in TR, the relation between rhe 
measurement of the VCW with an independent measure of 
ERO area by volumetric method and regurgitant index with 
various degrees of severity of TR. 

In chis series, the VCW showed a close correlation with 
the ERO area by volumetric method in noneccentric jets 
and with the RI. In the presence of an eccentric regurgitant 
jet, there was no significant correlation but this cannot be 
ascertained unless a bigger sample size is used. Therefore, 
the simple measurement of the VCW closely reflects the 
degrees of TR. 

Regarding the diagnostic value for severe TR, rhe ROC 
curve area shows char VCW is an excellent index of severe 

TR. Comparison of areas under the ROC curves showed 
that the diagnostic value of VCW is superior to that of jet 
to RA area ratio. The statistical analysis showed that the 
threshold of 7.0 mm has the lowest difference between 
sensitivity and specificity and the second highest sum of 
sensitivity and specificity and, therefore, is identified as the 
single best value to diagnose severe TR. A threshold of 10 
prioritized the specificity and positive predictive value, 
whereas a threshold of 7 mm prioritized the sensitivity and 
negative predictive value. 

Therefore, the VCW is a quantitative index of severity 
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of TR, simple to obtain, closely reflecting important 
physiologic variable such as the ERO and with high 
diagnostic value for severe TR. The VCW can be used in 
combination with other methods, such as PISA method 
when comprehensive physiologic quantitation of TR is 
considered warranted. 

Study limitations. A limitation of studies on TR is the 
lack of an established reference method. Angiographic 
grading is widely recognized co have considerable variability 

and possible errors"· 14• Visual, "expert" judgement on TR 
is influenced by RA pressure. Despite encouraging results 
for research purposes20

• 
21

, Doppler calcularion of tricuspid 
and pulrnonic stroke volumes and cricuspid regurgitant 
volume has major limicacions48

• 

Although the VCW correlated well with the ERO area, 
it cannot be used to calculate precisely the ERO area, as 
shown by the distribution of values, probably because rhe 
rricuspid regurgitant orifice shape is unknown. Currently, 
it is impossible to image the entire area of rhe vena contracta, 
bur future studies using three-dimensional reconstruction 
of rhe flow convergence49 and vena contracra region could 
overcome this geometric limitarion45

. Furthermore, future 
swdies are needed to assess the Vena Contracta in unselected 
large numbers of patients from all subsets, in particular 
with eccentric jets. 

The accuracy of color-flow measurements is highly 
dependent on the resolution of the imaging sysrem34

•
35

• This 
is particularly important when the lateral resolution of 
ultrasound is used. To optimize measurement of the VCW, 
it is essential ro observe all three components of the 
regurgiraar flow (flow convergence, VC, jet) by optimizing 
transducer position and to maximize color Doppler frame 
race. With chis approach, good reproducibility of VCW 
was observed. 

This study did not attempt sequential measurements 
of the VCW during systole and, thus, did not address the 
issue of variability of the width during rhe regurgitanr phase. 
Although it has been suggested that the ERO area in TR is 
fairly constant throughout systole20

, future studies addressing 
rhis point are warranted. 

CONCLUSIONS 
Direct measurement of the VCW is a new and 

promising method for quantitating severity of TR. This 
study has shown that the measurement of the VCW of TR 
is a simple, reproducible, quantitative measurement that 
provides high diagnostic value for severe TR and can be 
used in routine clinical practice. 
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