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Background: Although flow velocities curves recorded with pulsed-wave Doppler in systemic vein are
known to provide functional data on the right circulatory function, little information is available on
the relationship between right heart filling dynamics and right ventricular function. Methods:
Consecutive patients with chronic heart failure due to severe systolic left ventricular dysfunction and
in sinus rhythm underwent echocardiography and right heart catheterization. In the initial part of
the study, the hemodynamic correlates of different flow velocity patterns recorded into the superior
vena cava were evaluated in 120 patients. The accuracy of the prediction of different right heart
hemodynamic profiles by means of the different venous flow patterns was then prospectively tested in
a subsequent series of 86 patients. Results: The venous flow pattern was closely related to right heart
hemodynamics. A normal Doppler pattern identified patients with normal right heart hemodynam-
ics (sensitivity 86%, specificity 78%); a “predominant systolic wave” pattern identified patients with
a reduced thermodilution-derived right ventricular ejection fraction (<30%) and normal or slightly
elevated right atrial pressure (=8 mmHg) (sensitivity 69%, specificity 81%); a “predominant diastolic
wave” pattern identified patients with a reduced right ventricular ejection fraction (<30%) and
elevated right atrial pressure (>8 mmHg) (sensitivity 52%, specificity 95%). The observed and the
predicted hemodynamic profiles turned out to be concordant in 80% of patients. Conclusions: The
analysis of the flow velocity pattern into the superior vena cava is a useful tool to estimate the
extent of the right -circulatory impairment in patients with congestive heart failure.

(ECHOCARDIOGRAPHY, Volume 18, August 2001)
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Central venous flow velocity curves recorded
with pulsed-wave Doppler echocardiography
into the hepatic veins or the superior vena cava
provide functional data on the right heart and
are commonly used to estimate the degree of
tricuspid regurgitation to differentiate cardiac
tamponade from pericardial effusion and con-
strictive pericarditis from restrictive cardiomy-
opathy.!* However, no information is available
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on the relationship between right heart filling
dynamics and right ventricular function, even
though it has been demonstrated in the left
side of the heart that the filling of the atrial
cavity through the pulmonary veins is strongly
influenced by the function of the left ventricle.?
The usefulness of this approach in the right
circulation is emphasized by the difficulty en-
countered when measuring the volume and
ejection fraction of the right ventricle by non-
invasive techniques, due to the complex geom-
etry of this cardiac chamber. These data could
be of greatest clinical relevance in patients
with congestive heart failure (CHF), in whom
right ventricular function is an important de-
terminant of symptoms and an independent
predictor of prognosis.6-8

ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech. 469



GHIO ET AL.

Accordingly, we designed an echocardio-
graphic study to test the hypothesis that dif-
ferent flow velocity patterns in systemic vein
discriminate among different degrees of right
heart hemodynamic impairment in patients
with moderate to severe CHF.

Methods
Study Design

The study was developed in two phases. The
initial part of the study was aimed at determin-
ing the hemodynamic correlates of the systemic
venous flow velocity patterns in patients with
CHF. In the second part of the study we tested
the predictive accuracy of Doppler-derived ve-
nous flow velocity patterns versus different
right heart hemodynamic profiles in a subse-
quent series of CHF patients.

Patients

In the first part of the study we enrolled 120
consecutive patients in sinus rhythm with
chronic congestive heart failure due to severe
systolic left ventricular dysfunction (ejection
fraction < 35%). This series included patients
with primary dilated cardiomyopathy, isch-
emic heart disease, or end-stage valvular heart
disease who were referred to our center for
heart failure management and/or heart trans-
plantation evaluation. Patients with (a) re-
strictive cardiomyopathy, (b) hypertrophic car-
diomyopathy, (c) need for infusional therapy at
the initial clinical evaluation, (d) atrial fibril-
lation or permanent pacing in VVI mode, or (e)
severe tricuspid regurgitation were excluded
from the study. In the second part of the study
we enrolled 86 patients with identical inclusion
and exclusion criteria. The clinical characteris-
tics of the patients are shown in Table I.

Echocardiographic and Doppler Study

The echocardiographic examination was per-
formed using either a Toshiba SSA 270A
(Toshiba Corp., Tokyo, Japan) or an Esaote
SIM 7000 Challenge (Esaote, Firenze, Italy)
ultrasound equipment. A complete M-mode,
two-dimensional, and Doppler study was per-
formed using standard parasternal, apical, and
subcostal approaches. Left ventricular end-di-
astolic and end-systolic volumes and left ven-
tricular ejection fraction were calculated using
the area-length method. End-diastolic and end-
systolic right ventricular areas were measured
in the apical view and the fractional area
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TABLE I

Clinical Characteristics of the Patients

Initial Prospective
Population Population
(120 patients) (86 patients) P

Age (years) 51 (10) 49 (11) NS
Sex (male/female) 89/31 64/22 NS
NYHA classification:
class IT 35% 32% NS
class IIT 59% 55% NS
class IV 6% 13% NS
Etiology
Primary dilated CM 62% 70% NS
Ischemic 35% 27% NS
Valvular 3% 3% NS

CM = cardiomyopathy.

shrinkage was calculated as end-diastolic area
minus end-systolic area, divided by end-dia-
stolic area, X100. The systolic displacement of
the lateral portion of the tricuspid annular
plane was measured on the M-mode tracing
under the two-dimensional (2-D) echo guid-
ance. Echocardiographic data were averaged
over three beats. Categorical evaluation of mi-
tral insufficiency was made by measuring the
radius of the aliased portion of the flow accel-
eration proximal to the leaking orifice using
the color Doppler format.? Tricuspid regurgita-
tion was graded using the jet area method.!°
The hepatic vein flow velocity curve was re-
corded by pulsed-wave Doppler using the sub-
costal approach. The superior vena cava flow
velocity curve was recorded from the right su-
praclavicular approach by placing the sample
volume in the middle of the stream visualized
by the color Doppler format. Peak velocities of
the systolic and diastolic centripetal waves in
the superior vena cava and hepatic veins were
measured and the ratio calculated. The venous
flow velocity pattern was considered normal
when the systolic/diastolic ratio was =1 and
=2, the flow pattern was categorized as “pre-
dominant systolic wave” when the ratio was
>2, and as “predominant diastolic wave” when
the ratio was <1 (Figs. 1A-C).* All Doppler
measurements were evaluated in five consecu-
tive beats obtained during quiet respiration.

Reproducibility

Intraobserver and interobserver variability
of the Doppler parameters were calculated in
15 random patients. Measurements were per-
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formed by two independent observers and re-
peated by the first observer after a 1-day inter-
val. The variability of the assignment of the

50 cim/s

50 cm/s
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venous flow velocity pattern to one of the three
categories was evaluated using the Cohen
kappa statistics.

Right Heart Catheterization

Right heart catheterization was performed
within 1 hour of the echo and Doppler exami-
nation. A modified Swan-Ganz thermodilution
catheter with a rapid response thermistor
(93A-431H-7F, American Edwards Laborato-
ries, Irvine, CA, USA) was inserted transcuta-
neously via the right internal jugular vein. The
thermistor was connected to a dedicated com-
puter (REF-1 Ejection Fraction/Cardiac Out-
put Computer, American Edwards Laborato-
ries) to display online the cardiac output and
the right ventricular ejection fraction. The dis-
tal and proximal lumina of the catheter were
connected to a calibrated and balanced trans-
ducer for pulmonary artery and right atrial
pressure monitoring. Pressure calibration was
performed before and immediately after mea-
surements; all readings were referenced to the
midaxillary line with the patient supine. Ther-
modilution measurements were obtained in
triplicate. The correct positioning of the cathe-
ter was established fluoroscopically and con-
firmed by recording pressures from the inject-
ate port.11-12 The following hemodynamic pa-
rameters were measured or calculated:
systemic blood pressure (arm-cuff sphygmoma-
nometer); right atrial, pulmonary artery (sys-
tolic, diastolic, and mean), and pulmonary
wedge pressures; right ventricular ejection
fraction; cardiac output; cardiac index; and sys-
temic vascular and pulmonary vascular resis-
tance.

Statistical Analysis

Data are shown as mean + SD for continu-
ous variables and absolute or relative frequen-
cies for categoric variables. Concordance be-

it

Figure 1. Representative superior vena cava flow velocity
curves. A. normal. The atrial contraction generates a short
retrograde flow -a- (above the zero velocity line). During
ventricular systole and ventricular diastole two centripetal
waves are observed, called X and Y according to the classic
venous pulse recording. The systolic component has larger
peak velocity than the diastolic component. B. “Predomi-
nant systolic wave.” The atrial component (a) is followed,
below the zero line, by an X wave with absent Y wave. C.
“Predominant diastolic wave.” The atrial component (a) is
followed, below the zero line, by a diminutive X wave and
then a predominant Y wave.
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tween superior vena cava and hepatic veins
flow patterns was assessed by means of Ken-
dall tau coefficient of concordance.

In the first part of the study the hemody-
namic and echocardiographic parameters were
compared in the three groups of patients with
different venous flow patterns by means of one-
way analysis of variance (ANOVA); Scheffé test
was used for post-hoc comparisons when the
F-test was significant at P < 0.005. On the
basis of the initial results, each systemic ve-
nous flow velocity pattern was associated to a
specific right heart hemodynamic profile. We
used the receiver operating characteristics
(ROC) curves of a series of logistic models to
identify the cutoffs of the hemodynamic vari-
ables that best discriminated among the three
flow cathegories.

In the second part of the study, the predic-
tive accuracy of each flow pattern to identify a
different hemodynamic profile was prospec-
tively tested in a subsequent series of patients.
The percentage of cases that were correctly
identified was computed together with the
Kendall tau statistics to assess the accuracy of
the prediction. Sensitivity and specificity of
each flow velocity pattern in the identification
of patients with different right heart hemody-
namic profiles were calculated. The statistical
package Stata 6.0 (Stata Corp., College Sta-
tion, TX, USA) was used for computations.!3 A
P value < 0.05 was retained as statistically
significant.

Results

Feasibility of Doppler Recordings into the
Superior Vena Cava and the Hepatic Veins

In the first study group, analyzable superior
vena cava flow velocity tracings were recorded
in all patients while the hepatic veins flow ve-
locity tracings could be recorded in only 91
patients (76%): 29 patients had an unaccept-
able intercept angle between the direction of
exploration and the direction of flow or small
size venous vessels. In the 91 patients in whom
both hepatic veins and superior vena cava flow
velocity tracings could be recorded, the flow
patterns were concordant in 90% of cases (Ken-
dall tau = 0.69, P < 0.000) (Table II).

The categoric evaluation of the superior vena
cava flow pattern was optimally reproducible:
Cohen kappa statistic was equal to 0.79 for
intraobserver and interobserver agreement.
The evaluation of hepatic vein flow patterns
was less reproducible: the Cohen kappa statis-
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TABLE II

Agreement Between Flow Velocity Patterns in Hepatic
Veins and Superior Vena Cava

SVC- SVC- SVC-
Pattern 1 Pattern 2 Pattern 3
HV-pattern 1 34 3 1
HV-pattern 2 0 41 1
HV-pattern 3 3 1 7

HV = hepatic veins; SVC = superior vena cava. Agree-
ment = 34 + 41 + 7 = 82/91 (90%); Kendall tau = 0.69, P =
0.00.

tic was 0.75 for intraobserver and interob-
server agreement.

Clinical, Echocardiographic, and
Hemodynamic Parameters Associated with
Different Venous Flow Velocity Curves

A normal SVC flow pattern was found in 61
patients (group 1), a “predominant systolic
wave” pattern in 48 patients (group 2), and a
“predominant diastolic wave” pattern in 11 pa-
tients (group 3). Age, sex, and etiology of con-
gestive heart failure were similar in the three
groups; patients assigned to group 3 tended to
have a greater functional impairment than pa-
tients in groups 1 and 2 (Table III).

According to the inclusion criteria, systolic
left ventricular function was severely impaired
in all groups, although patients in group 3
tended to have smaller volumes. The mitral
inflow pattern was substantially normal in
group 1 and restrictive in group 2 and group 3
patients; importantly, the overlapping of the
peaks of the biphasic inflow precluded mea-
surement in 19 patients. Right ventricular
area shrinkage was normal in group 1 and
reduced in group 2 and group 3 patients; how-
ever, the systolic excursion of the tricuspid an-
nular plane was exclusively reduced in pa-
tients with a “predominant diastolic wave” flow
pattern. A minor degree of mitral insufficiency
was evenly distributed in the three groups. Tri-
cuspid insufficiency was usually absent or
graded as mild in the patients of groups 1 and
2, whereas it was graded as mild-to-moderate
in 6 of the 11 patients in group 3 (Table IV).

Group 1 patients had a substantially normal
right heart hemodynamic profile. The cardiac
index was low in groups 2 and 3. High pulmo-
nary artery and wedge pressures were found in
group 2 and group 3 patients. Right ventricular
ejection fraction was reduced in group 2 and
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TABLE III

Clinical Characteristics of the Three Groups with Differing Superior Vena Cava Flow Velocity Curves

Group 1 (n = 61)
Normal Pattern

Group 2 (n = 48)
Predominant Systolic
Wave Pattern

Group 3 (n = 11)
Predominant Diastolic
Wave Pattern

Age (years) 50 (10)
Male sex 46
NYHA classification
Class 11 28
Class III 32
Class IV 1
Etiology
Primary dilated CM 36
Ischemic CM 22
Valvular CM 3

51 (10) 51 (6)
35 8
12 2
32 7

4 2
31 7
16 4

1 -

CM = cardiomyopathy.

group 3 patients. Right atrial pressure was
much greater in group 3 than in group 2 pa-
tients (Table V).

Prediction of Right Heart Hemodynamic
Profile by Means of Superior Vena Cava Flow
Velocity Pattern

The hypothesis that each of the three flow
velocity patterns identifies a different right
heart hemodynamic profile was prospectively
tested in the second population. Overall, the

predicted and the observed hemodynamic pro-
file turned out to be concordant in 80% of pa-
tients. The agreement between a normal flow
velocity pattern and a normal hemodynamic
profile was 79% (Kendall tau = 0.56, P <
0.000); the agreement between a “predominant
systolic wave” flow velocity pattern and a he-
modynamic profile characterized by right ven-
tricular systolic dysfunction associated with
normal or slightly elevated right atrial pres-
sure was 70% (Kendall tau = 0.41, P < 0.000);

TABLE IV

Echocardiographic Parameters Associated with Different Superior Vena Cava Flow Velocity Curves

Group 1 (n = 61)

Group 2 (n = 48)
Predominant Systolic

Group 3 (n = 11)
Predominant Diastolic P

Normal Pattern Wave Pattern Wave Pattern (ANOVA)

LVEDD (mm) 75 (10) 76 (7) 70 (7) 0.149
LVESD (mm) 65 (10) 66 (8) 62 (8) 0.462
LVEDV (ml) 351 (125) 358 (95) 249 (87)* 0.013
LVESV (ml) 272 (111) 281 (86) 199 (7T1)* 0.047
LVEF (%) 23 (8) 22 (6) 20 (4) 0.282
DT (msec) 124 (41)* 94 (24) 77 (30) 0.001
E/A 1.4 (1.5)* 3.0(2.7) 4.5(2.9) 0.001
TAPSE (mm) 20 (5)* 17 (5)* 12 (4)* 0.000
RVFAS (%) 48 (18)* 29 (14) 22 (17) 0.000
RVTAC (%) 34 (13)* 20 (11) 15 (16) 0.000
RVEDD (mm) 23 (6)T 28 (7) 31(6) 0.000
HYV diameter (mm) 6.2 (2.2)* 8.3(2.5) 10.1(2.5) 0.001
Mitral regurgitation +/++/+++ 43/8/1 27/18/0 5/6/0

Tricuspid regurgitation +/++ 26/0 36/2 3/7

* = P < 0.05 vs other groups (Scheffé test); + = P < 0.05 gr 1 vs gr 3 (Scheffé test). LVEDV = LV end-diastolic volume;
LVESV = LV end-systolic volume; LVEF = LV ejection fraction; E/A = ratio of early to late transmitral peak flow velocity;
DT = deceleration time of the early mitral filling wave; TAPSE = tricuspid annular plane systolic excursion; RVFAS = RV
fractional area shrinkage; RVTAC = RV transverse axis change; RVEDD = RV end-diastolic diameter; HV = hepatic veins.
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TABLE V

Hemodynamic Parameters Associated with Different Superior Vena Cava Flow Velocity Curves

Group 2 (n = 48)
Predominant Systolic

Group 3 (n = 11)

Group 1 (n = 61) Predominant Diastolic P

Normal Pattern Wave Pattern Wave Pattern (ANOVA)
HR (beats/min) 74 (13) 80 (14) 80 (17) 0.063
SAP mmHg 96 (20) 102 (21) 90 (8) 0.209
SVR (dyne sec cm™®) 1521 (422)* 1785 (554)* 2304 (733)* 0.000
CI (I/min/m?) 2.5 (0.6)* 2.1(0.6)* 1.5 (0.9)* 0.000
PWP (mmHg) 13 (8)* 24 (8) 28 (6) 0.000
PAPm (mmHg) 18 (8)* 35(11) 39(9) 0.000
PVR (dyne sec cm™?) 115 (74)* 264 (139)* 378 (240)* 0.000
RVEF (%) 36 (10)* 21 (9) 14 (13) 0.000
RAP (mmHg) 1 (4)* 4 (4)* 12 (4)* 0.000

* = P < 0.05 vs other groups (Scheffé test). HR = heart rate; SAP = systolic arterial pressure; SVR = systemic vascular
resistance; CI = cardiac index; PWP = pulmonary wedge pressure; PAPm = mean pulmonary artery pressure; PVR =

pulmonary vascular resistance; RVEF = right ventricular ejection fraction; RAP = mean right atrial pressure.

the agreement between a “predominant dia-
stolic wave” flow velocity pattern and a hemo-
dynamic profile characterized by right ventric-
ular systolic dysfunction plus raised right
atrial pressure was 91% (Kendall tau = 0.60,
P < 0.000).

The sensitivity and specificity of each flow
velocity pattern in the identification of patients
with a different hemodynamic profile are
shown in Table VI. A normal flow pattern iden-
tified with a high sensitivity and a good speci-
ficity patients with a normal right heart hemo-
dynamic profile. A “predominant systolic wave”
flow pattern that identified patients with a “di-
astolic wave” flow pattern was extremely spe-
cific, but not that sensitive, in identifying pa-
tients with right ventricular dysfunction plus
raised right atrial pressure.

Discussion

The study shows that in patients with mod-
erate-to-severe congestive heart failure, Dopp-
ler interrogation of flow velocities into the su-
perior vena cava is easy to obtain and provides
a useful estimate of the overall impairment of

the right circulation. It differentiates, with
high sensitivity and specificity, patients with
normal right heart hemodynamics, patients
with “compensated” right ventricular dysfunc-
tion, and patients with right ventricular dys-
function associated with raised right atrial
pressure.

Right Heart Hemodynamic Correlates of
Doppler Velocimetry in the Systemic Vein

The feasibility of noninvasive recording of
the flow velocity curve in the jugular gulf by
means of an ultrasonic Doppler flowmeter was
first described by Benchimol et al. in 1972.1¢ A
few years later Sivaciyan and Ranganathan
found that flow velocity curves characterized
by a diastolic nadir equal to or larger than the
systolic nadir were always associated with ab-
normal right heart hemodynamics.'> More re-
cently, in a heterogeneous population of pa-
tients with cardiac and noncardiac diseases,
Nagueh et al. showed that the computation of
the hepatic vein systolic filling fraction may be
used to predict a right atrial pressure > 8
mmHg.1® However, although specific alter-

TABLE VI

Sensitivity and Specificity of Each of the Three Flow Velocity Patterns for a Different Right Heart Hemodynamic Profile

SVC Flow Pattern Hemodynamic Profile Sensitivity Specificity
Normal RVEF = 30% and RAP = 5 mmHg 86 78
“Predominant systolic wave” RVEF < 30% and RAP = 8 mmHg 69 81
“Predominant diastolic wave” RVEF < 30% and RAP > 8 mmHg 52 95
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ations in systemic venous flow tracings have
been described in several cardiac disorders,
systemic venous Doppler velocimetry has never
been systematically evaluated in patients with
heart failure. The clinical relevance of this in-
direct approach to the evaluation of right ven-
tricular function is anticipated by the number
of recent reports outlining the importance of
right ventricular ejection fraction (estimated
by radionuclide techniques or by thermodilu-
tion) as an independent prognostic marker in
patients with congestive heart failure.5-8

Novelty of the Study

This study improves current knowledge and
strengthens the clinical relevance of systemic
venous Doppler velocimetry in patients with
congestive heart failure. First, the differentia-
tion among normal, “predominant systolic
wave,” and “predominant diastolic wave” cen-
tral venous flow velocity patterns not only dis-
tinguished patients with normal from patients
with high right atrial pressure but also differ-
entiated patients with normal right heart he-
modynamics from those in whom a normal
right atrial pressure was associated with an
impaired right ventricular function. In fact, the
systolic function of the right ventricle is an
important hemodynamic determinant of sys-
temic venous flow dynamics; this observation
was not outlined in previous studies. A “restric-
tive” venous flow pattern (characterized by pre-
dominantly diastolic centripetal flow) has been
described in patients with documented restric-
tive physiology, either related to disease or af-
ter orthotopic transplantation or cardiac sur-
gery. 41718 A “predominant systolic wave” flow
pattern in central veins was first described by
Klein et al. in patients with cardiac amyloid-
osis and “less advanced” stages of the disease.*
These authors did not report hemodynamic cor-
relates. The physiopathological rationale to
distinguish between a right heart filling pat-
tern characterized by relatively increased sys-
tolic centripetal velocities and a filling pattern
characterized by relatively increased diastolic
velocities can be gathered from recent and past
studies evaluating the atrial mechanics in the
left side of the circulation.!®-2! Recently, it has
been shown that most of the left atrial filling
takes place during systole in patients with
moderate impairment of the left ventricular
filling, whereas in end-stage left ventricular
dysfunction, the atrial “reservoir” function is
lost and left atrial filling occurs mostly during
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diastole.> We acknowledge that tricuspid re-
gurgitation may switch to the diastolic period
part of the total centripetal flow in the systemic
vein. As such, patients with severe tricuspid
regurgitation were excluded from the study; a
moderate degree of tricuspid regurgitation was
nevertheless accepted because it is a common
finding in patients with advanced heart failure.

The close association between the restrictive
venous flow pattern and reduced systolic dis-
placement of the tricuspid annulus fits with
the expectations, because the displacement of
the tricuspid annular plane during systole ac-
counts, together with atrial relaxation, for the
systolic acceleration of the venous flow toward
the right heart. This concept has already been
demonstrated in the left side of the heart in an
animal model by the pioneering studies of T'sa-
kiris et al. and in patients with heart fail-
ure‘22,23

Finally, our data demonstrate that Doppler
interrogation into the superior vena cava im-
proves the feasibility of the evaluation of sys-
temic venous flow dynamics compared with the
hepatic veins. The reported rate of success in
recording flow velocity curves in the hepatic
veins is 82%.16 In the present study, the rate of
success into the superior vena cava was 100%
and the reproducibility of the curves recorded
into the superior vena cava was slightly higher
than that of the curves recorded into the he-
patic veins.

Limitations

A limitation of the study is the absence of
data regarding the diastolic function of the
right ventricle. The decision to exclude Doppler
parameters obtained by tricuspid inflow curves
was made during the design phase because of
the well-known difficulties in standardizing
the Doppler sampling across the tricuspid
valve and because of the variability of the
curves due to respiration.?* As far as the right
ventricular isovolumic relaxation time is con-
cerned, information on the feasibility of this
measurement were published only after this
study had begun.?’ The echocardiographic
evaluation of the diastolic function of the right
ventricle likely would have added useful infor-
mation, however, the data reported in the
present study provide a clear hemodynamic
characterization of the three groups of patients
with different venous flow patterns.

In addition, we acknowledge that variability
occurs during respiration in systemic vein flow
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velocity curves and that respiration phases are
best identified by recording signals through a
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