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Resumo:

A avaliagdo da congestao venosa apresenta-se como um
dos maiores desafios médicos da atualidade: desde técnicas
mais invasivas até ao surgimento da avaliagdo ecografica, a
investigacdo tem sido constante, na expectativa de otimizar
e melhorar a monitorizagao hemodinamica dos doentes, atra-
vés de exames a cabeceira do doente mais céleres e menos
invasivos.

A hipertenséo venosa é um importante mecanismo fisiopa-
toldgico na congestéo venosa e consequente lesdo de érgao,
mas o seu diagnostico € desafiante apenas pelo exame obje-
tivo tradicional. Desta forma, a capacidade da ecografia point-
-of-care (POCUS) de caracterizar a anatomia e a fisiologia em
tempo real, bem como de analisar fluxos dinadmicos, torna-a
numa ferramenta importante e de maior sensibilidade no diag-
nostico e monitorizagao da congestéo venosa.

Neste artigo os autores fazem um breve resumo da fisio-
patologia inerente, bem como da avaliagéo sistematizada da
congestao venosa sistémica através de POCUS.

Palavras-chave: Hiperemia; Pressdo Venosa Central; Sis-
temas Automatizados de Assisténcia Junto ao Leito; Ultrasso-
nografia; Veias.

Abstract:

The assessment of venous congestion is one of the grea-
test medical challenges of this century: from more invasive
procedures to the arising of ultrasound evaluation, there has
been a constant quest for reliable and non-invasive bedside
tools to determine and monitor hemodynamic status.
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Venous hypertension is an important pathophysiological
mechanism of organ congestion, leading to its injury in various
clinical settings. A practical bedside assessment of venous
congestion is often challenging due to the limitations of tradi-
tional methods.

Point-of-care ultrasonography (POCUS) provides a real
time picture of the patients' anatomy and physiology (inclu-
ding analysis of dynamic flows), allowing a diagnosis and mo-
nitoring of venous congestion with a higher sensitivity than
standard physical examination.

In this brief summary, the authors summarize the physio-
logy of venous congestion and the most recent tools for con-
gestion assessment by POCUS.

Keywords: Central Venous Pressure; Hyperemia; Point-of-
-Care Systems, Ultrasonography; Veins.

Introduction

The assessment of venous congestion is one of the grea-
test medical challenges of this century: from more invasive
procedures to the arising of ultrasound evaluation, there has
been a constant quest for reliable and non-invasive bedside
tools to determine and monitor hemodynamic status,’ since
it's accuracy is vital for an appropriate clinical approach.?

Point-of-care ultrasonography (POCUS) provides a real
time picture of the patients' anatomy and physiology (inclu-
ding analysis of dynamic flows), allowing the diagnosis of ve-
nous congestion and monitoring clinical evolution.

In recent years, excessive fluid administration has been
shown to be associated with a higher incidence of acute kid-
ney injury, increased morbidity, and mortality with multiorgan
consequences.

In order to evaluate the systemic venous congestion, va-
riations of hepatic, portal and interlobar renal venous wave-
forms can be assessed to obtain useful information, using
color Doppler (CD) and pulsed-wave Doppler (PWD).®

Venous hypertension is an important pathophysiological
mechanism of organ congestion, leading to its injury in va-
rious clinical settings. A practical bedside assessment of ve-
nous congestion is often challenging due to the limitations of
traditional methods.*
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POCUS allows an increased sensitivity in congestion de-
termination, compared to a standard physical examination.®

In this brief summary, the authors assembled some ul-
trasound tools that allow the evaluation of systemic venous
congestion.

UNDERSTANDING VENOUS FLOW PHYSIOLOGY

Flow is the fluid volume transported over time, created by
a pressure differential between two points in the circulatory
system.?

Increased left-sided pressures facilitate lung conges-
tion and lead to worsening of respiratory status.® Moreover,
the consequences of systemic venous congestion are also
important on the right side, as increased right-sided filling
pressures lead to higher right atrial pressure (RAP), that is
transmitted backwards through the venous tree, causing
congestion and consequent organ dysfunction.”

As systemic venous pressure increases, the perfusion
pressure (RAP) to the tissues may be compromised, limiting
flow through the capillaries, leading to variations in venous
compliance.®

Progressive increases in venous volume, results in maxi-
mally stretched venous walls, reaching venous compliance
curve’s plateau; at this point, the pressure transmission will
slightly increase, causing congestion of peripheral organs. In
this setting, evaluation of organ congestion can provide va-
luable information on the mechanism of organ dysfunction.®

Increased right side pressure leads to venous compliance
variation (congestion) and its hemodynamic impact can be
assessed through the altered venous return patterns during
the cardiac cycle using POCUS, namely Doppler ultrasono-
graphy to determine flow velocities in veins.

At end-diastole, the right atrium (RA) depletes into a com-
pliant right ventricle, regaining a low filling pressure. A low
RAP leads to a maximum venous return; therefore, if RAP
exceeds hepatic vein pressures there will be an interruption
or a reversal of venous flow. In a healthy individual, the pat-
terns of the hepatic veins” flow directly reflect changes in the
RAP, as opposed to what occurs in the distal venous system.
The normal state of each organ is a continuous venous flow
in systole and diastole, without undergoing variations. Con-
versely, venous compliance decreases with the increase of
filling pressures in the venous system and in the right heart;
simultaneously there is a higher transmission of RAP varia-
tions during the cardiac cycle.

This explains the pulsatility variations found in the Doppler
flow of the portal, kidney’s interlobar and femoral veins.

ULTRASOUND EVALUATION OF VENOUS CONGESTION
Assessment of the inferior vena cava (IVC)

The first step to determine venous congestion is IVC’'s
evaluation, using a low-frequency (3.5-5 MHz) convex trans-
ducer (most common). After locating the vertebral body with
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the probe on a transverse epigastric plane, a 90° counterclo-
ckwise rotation enables the visualization of IVC’s long axis.'®
The IVC must be measured on its longitudinal and transverse
plane, 2 cm below the RA junction; it is considered abnormal
above 2 cm.

Echographic measurements of the dynamic variations
(collapsibility/distensibility) of the inferior vena cava, to assess
the status of intravascular volemia, have many caveats and
should not be used alone for this purpose.'"'? However, a
non-collapsible plethoric IVC correlates with the presence of
venous congestion.

The evaluation of IVC using POCUS has been accepted for
the evaluation of venous congestion, since it correlates with
the pressure in the RA.™

The physiological principle underlying its use is the lung-
-heart interaction: the variation of transpulmonary pressu-
re during breathing is transmitted to the right cavities of the
heart, causing variations of the venous return and thus on the
diameter of the IVC.

The IVC changes with intrathoracic pressure variation: du-
ring inspiration, the increase in negative intrathoracic pressure
is transmitted to the vascular lumen, enhancing the venous re-
turn. The diameter and inspiratory collapsibility of the IVC are
also related to the hemodynamics of the right ventricle. There-
fore, in the presence of low pressures in the right heart cavities
and/or hypovolemia (ascending phase of the Frank-Starling
curve), the IVC compliance is elevated, collapsing significantly
during inspiration.'®

Assessment of the hepatic vein (HV)

The transducer (most commonly the convex transducer)
must be placed at the subxiphoid level to obtain a cross-sec-
tional view. The color Doppler box should be placed (the vein
should appear in blue) prior to assessing the PWD, immedia-
tely before the entry point of any of the three HV (right, middle
and left) into the IVC (the right and middle HV are the most
accessible). Previous to PWD evaluation, the color Doppler’s
scale must be set with Nyquist limit at 30 cm/s.

Due to its proximity to the RA, the IVC is the first site affec-
ted by volume overload (preload) - it stops collapsing due to
the increased pressure (diameter in adults exceeds 2 cm),
affecting the three HV.

Under normal conditions, HV’s flow pattern is triphasic as
it is related to the cardiac cycle (so it is important to have
an electrocardiogram (EKG) synchronization, especially in the
presence of arrhythmias).™ There is an initial positive A wave
(atrial contraction), followed by a negative S wave (RA relaxa-
tion during cardiac systole) and a negative D wave (ventricular
relaxation during cardiac diastole).

The venous flow patterns that we can find are: S wave
> D wave (normal), S and D waves’ fusion or S wave < D
wave (moderate congestion), S wave inversion (severe con-
gestion).
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Assessment of the portal vein (PV)

The coronal view (more accurate than subxiphoid view) is
obtained with the convex transducer on the right mid-axillary
line, with the portal vein in the center. The color Doppler box
must be placed at this level (the vein appears in red), followed
by PWD evaluation just before the division into both portal
branches (right and left). Once more, the color Doppler's
scale should be with Nyquist limit at 30 cm/s.

The normal portal venous flow pattern is monophasic with
little respiratory variation.'® The portal vein is unique in its iso-
lation from the arterial and venous systems (splanchnic capi-
llaries and hepatic sinusoids, respectively). This explains the
progression from minimally to significantly pulsatile flows wi-
thout prolonged interruptions, in patients with rising pressu-
res on the right cardiac side.'® As the congestion increases,
a retrograde flow is generated with atrial contraction, which is
transmitted to the hepatic sinusoids and the portal vein. This
creates a pulsatility index, which increases concurrently to the
congestion (Vmax. — Vmin. / Vmax.), allowing the classification
into moderate (30%-49%) and severe (>50%) congestion.

PV pulsatility could be considered a sign of right heart
dysfunction, being associated with poor outcomes in right
heart failure patients' and predicting response to diuresis at
admission. 819

Assessment of the renal vessels

The coronal view is obtained by placing the convex trans-
ducer on the posterior axillary line. To facilitate the examina-
tion, whenever possible, the patient should be laying in left
lateral decubitus.

The color Doppler set at this level precedes the PWD ac-
quisition within the renal parenchyma, at the interlobar ves-
sels in the renal cortex (adjacent to medullary pyramids, as
distal as possible). The color Doppler’s scale should be with
Nyquist limit at 10 cm/s, appearing as a blue flow (it may help
to widen this area). PWD flow will show both arterial (positive
wave) and venous flow (negative wave).

Abnormal venous flow is mostly due to congestion (re-
nosarca),?° since it compromises renal resistivity (increased),
mainly by promoting a poor distensibility of the renal capsu-
le. The possible venous flow patterns are: continuous flow
(normal), systolic-diastolic biphasic flow (moderate conges-
tion), diastolic monophasic flow (severe congestion).?’ These
systolic (S) and diastolic (D) flows are related to the S and D
waves of the previously mentioned hepatic flow. Arterial Dop-
pler (positive wave) is used to delimit systole from diastole.??%?

The flow pattern of these veins is by far the most difficult
to obtain. It may be tempting to measure the lobar or renal
veins, since they are larger and easier to find, however, they
show a poorer correlation with the real state of congestion.
It may be helpful to ask the patient to hold an apnea, or to
obtain flow patterns during expiration (since it is the longer
respiratory phase, with less organ displacement).
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Venous excess ultrasound (VExUS) score

The VEXUS score comprises four main components: IVC
assessment, HV and intrarenal venous Doppler as an addition
to PV Doppler, since the presence of a severe score showed
greater specificity than PV pulsatility alone in predicting acute
kidney injury (AKI) following cardiac surgery.*

The authors determined five phenotypes (VEXUS A-E), di-
vided into mild, moderate or severe congestion, based on
different pattern combinations. As a result, they observed that
the C score (Table 1) was related to the presence of AKI in
both moderate and severe congestion.?®

To collect these variables, the patient should be placed in
supine position, with the head at 0° (if possible), beginning with
the qualitative and quantitative assessment of the IVC (as pre-
viously described): if its diameter is greater than 2 cm, the rest
of the protocol should be performed; if it is less than 2 cm, in
the absence of abdominal hypertension or ascites, the VExXUS
protocol cannot be proceeded, with the score being zero.?®

The patterns of the hepatic, portal and renal veins are then
analyzed and classified as normal, mildly or severely conges-
ted: grade 0 suggests the absence of congestion; grade 1
comprises any mild congestion pattern; grade 2 represents
severe congestion in at least one organ; and grade 3 requires
severe congestion patterns in at least 2 or 3 organs.?*

Recently, there has been growing literature evidence su-
pporting VExXUS as a useful decision-making tool, identifying
congestive patients and the underlying pathophysiology. On
the other hand, these studies focused on a very specific co-
hort (post-cardiac surgery); nonetheless, the medical com-
munity tried to reproduce these results in other populations
(acute heart failure, for example), with results that were not as
great as expected,?” concluding that VExUS adds unneces-
sary complexity to the assessment and prognosis of patients
with acute heart failure.®

Jugular venous ultrasound and right atrial depth (RAD)

A novel internal jugular vein (IJV) ultrasound technique to
estimate RAP has been published.?° The RAP is calculated by
combining the direct RAD measurement with 1JV ultrasound®
at the supraclavicular point. Placing patients” headboard at
45°, RAD is measured on the cardiac parasternal long-axis
view (sectorial transducer). The vertical distance from the
chest wall down to where the non-coronary cusp of the aor-
tic valve attaches to the posterior wall of the left ventricular
outflow tract was defined as RA depth, as it surrogates for
the center of the RA. The ultrasound-estimated RAP (RAP-
-US) value can be calculated in two different ways depending
on whether jugular vein distention (JVD) is present (distended
IJV without respiratory variation); the point of venous collap-
se is identified by sliding the probe cranially (the right IJV is
evaluated just superior to the clavicle with the linear probe in
the transverse plane), subsequently confirmed by rotating the
transducer 90° and visualizing the complete collapse of the



venous walls in the longitudinal plane (“wine bottle sign”).®
The vertical distance from this point down to the sternum is
measured using a ruler and added to the RAD in centimeters
to estimate RAP. If IJV completely collapses with inspiration
(absence of jugular distension), the headboard must be lowe-
red to 30°. If it results in vein engorgement, RAP should be
estimated using RAD x 0.75 cm H20. However, if it does not
engorge, it should be reassessed at O degrees: if IJV engor-
ges, RAP is RAD x 0.5 cm H20; on the contrary, RAP is esti-
mated to be RAD x 0.25 cm H20. RAP is converted to mmHg
multiplying by 0.735.2° A measurement of RAD in addition to a
jugular venous ultrasound exam can accurately estimate RAP.

Femoral vein pulsatility

In the absence of lower limbs venous system pathology,
PWD evaluation of venous flow (at common femoral vein level)
is an excellent tool to assess right ventricular overload and
venous congestion. %238

It is a fact that femoral venous flow reversal has been des-
cribed concomitantly with right ventricle (RV) dysfunction, tri-
cuspid regurgitation, venous insufficiency and obstruction.

The femoral vein, particularly the right femoral vein, is an
extension of the IVC and reflects a window for estimating IVC
and RA dynamics.®* PW-Doppler of the femoral vein, perfor-
med with the patient in the supine position and with the linear
probe, is easy and accessible, having a short learning curve.

The common femoral vein is identified 2-3 cm below the
inguinal ligament, cranially to the entrance of the saphenous
vein.®?34 The Doppler scale should be 20 cm/s for better vi-
sualization of the waves. Normal femoral vein Doppler (FVD) is
defined as an antegrade mildly pulsatile uninterrupted pattern
with respiratory variation and retrograde flow of less than 1/3
of antegrade flow.

There are three aspects to be considered pathological in
the FVD: pulsatility, retrograde flow velocity > 10 cm/s and
absence of respiratory variation.3*

Pulsatile with or without reversal FVD patterns are con-
sidered suggestive of venous congestion. There are several
pitfalls and limitations of FVD (Table 2).

This is a convenient method since it is not subject to the
controversy surrounding IVC’s evaluation; furthermore, it has
a simple anatomical accessibility and a short learning curve.3

The information above is summarized in Tables 1 and 2.

LIMITATIONS AND PITFALLS IN THE SYSTEMIC VENOUS
CONGESTION ASSESSMENT

Common limitations to the acquisition of the techniques
described are cardiac arrhythmias (it is necessary to perform
an average pulsatility index on 3 to 5 beats), tricuspid regur-
gitation, chronic lung disease, or chronic increased intra-ab-
dominal pressure. Another limitation is that this assessment is
operator dependent, and, therefore, requires training.*

Starting with the IVC, the most relevant limitations and
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pitfalls occur in athletes who may have engorged IVC without
elevated RAP; patients with elevated intra-abdominal pressure
may have collapsed IVC despite elevated RAP.

Another inherent problem with IVC is the fact that the con-
ventional long axis interrogation sight is controversial. Since
the IVC is a three-dimensional structure with an elliptical
shape, evaluation of the long and short axis diameters has
been shown to be a better estimate of central venous pres-
sure. The IVC with the abdominal aorta, remember that the
latter has hyperechoic walls and pulsatility that coincides with
cardiac pulsation. Caution with the HV confluence, which may
overestimate the diameter of the IVC.%6:57

In the HVs a main limitation is that it is possible to find an
abnormal hepatic flow even with preserved RA’s distensibility.

The value of HV Doppler is limited in the presence of sig-
nificant tricuspid regurgitation as S wave reversal may be pre-
sent without significant s ystemic v enous ¢ ongestion. A trial
fibrillation leads to loss of A wave and smaller S wave (S<D)
even in the absence of elevated RA pressure. EKG monitoring
is important for the evaluation of hepatic venous flow.

One limitation of the evaluation of the PV flow is the pre-
sence of healthy thin patients,'® arteriovenous malformations
where it is possible to find an increase in p ulsatility without
the presence of congestion. Thus, it is also possible to find
an absence of pulsatility in situations of liver cirrhosis, hepatic
steatosis, or portal thrombosis, in which the transmission of
pressure in the right atrium is attenuated at the level of the
hepatic sinusoids.

The main limitations of acquisition of the renal vein pattern
are severe chronic renal failure (estimated glomerular filtration
rate < 15 mL/min) or patients on dialysis, in whom it is possi-
ble to find a monophasic venous flow, without the presence of
parenchymal congestion.®®

Ultrasound for systemic venous evaluation does not diffe-
rentiate between RV pressure and volume overload. Therefo-
re, the information should be used within the clinical context
and integrated with other information. In patients with long-
-standing pulmonary hypertension with a high VExUS score,
caution is necessary with decongestant measures, as cardiac
output in these patients may depend on high preload. In some
patients a good response to pulmonary vasodilators could be
observed in the context of RV dysfunction, as evidenced by
improvement in their VExXUS score and renal functions.®®

Another limitation of VEXUS scoring is the reliability of te-
chnigue and interpretation, as it requires proficiency with PW
Doppler to perform accurately.

The limitations of the IJV estimate are among others: the
difficulty of assessing the neck veins in individuals with short
necks or obese; individuals with inappropriate long-axis car-
diac ultrasound and the eventual need to lower the headboard
to 0°in patients with respiratory distress.

Regarding the femoral vein, the most important limita-
tions are found in the presence of deep vein thrombosis and
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Table 1: Assessment of venous flows.

Assessment

Inferior vena
cava

Transductor Place

AN

1

Technique

Place the transducer
to the right of the
subxiphoid region;
initially in a transverse
plane, then rotate 90°
(counterclockwise) to obtain
IVC.

Hepatic vein

Place the transducer along
the subxiphoid line to obtain
a cross-sectional view.
Place color Doppler (flow
direction is represented in
blue) followed by pulsed-
wave Doppler.

Portal vein

Place the probe on the
right mid-axillary line (color
Doppler’s flow direction is

represented in red).

Interlobar renal

Place the probe on the
posterior axillary line to
visualize the right kidney
(long axis). Color Doppler’s
flow direction is represented

vein
in blue. Renal vessels
are small and difficult to
acquire.
C \‘r)
\J\V Place the patient's head
Internal \ 2o at 45°. Measure IJV at the
jugular vein / \L‘%{//‘?‘ supraclavicular level, using
==\ linear transducer.
\ ®
A
Right atrial N\ Measure RAD at the cardiac
%e th parasternal long axis view
P T.’ (using sectorial transducer).

Femoral vein

R

In a supine position, place
the linear probe on the right
femoral vein, immediately
superior to the saphenous
inlet (2-3 cm below the
inguinal ligament).

HV: hepatic vein (middle and right); ICA: internal carotid artery; IJV: internal jugular vein; IVC: inferior vena cava; LA: left atrium; LV: left ventricle; LVOT: left ventricle outflow

tract; NCC: non-coronary cusp; PV: portal vein; RAD: right arterial depth
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Anatomic description




Table 2: Venous flow patterns.

Increased right
atrial pressure

ARTIGOS DE REVISAQ

Hepatic venous
flow

SD waves’ fusion or

S wave < D wave S wave's reversal

Portal venous
flow

< 30% pulsatility

30%-50% pulsatility > 50% pulsatility

Interlobar renal
vein

Continuous monophasic ve-
nous flow (negative waves) and
arterial flow (positive waves)

Discontinuous biphasic venous Discontinuous monophasic flow
flow with systolic and diastolic with diastolic phase; systolic
phases phase reversal

Femoral venous
flow

Continuous and slightly pulsatile
anterograde flow with respira-
tory variation; retrograde flow <
1/3 of the antegrade flow

Retrograde wave’s velocity
> 10 cm/s is indicative of high
right atrial pressure

Pulsatile pattern with mild
retrograde flow

varicose veins with entry into the sapheno-femoral junction, might not be feasible in orthopneic patients. The same pitfalls
which can result in misleading findings.
Measurement in the supine position is recommended, so it for example, cirrhotic patients, with increased intra-abdominal

described in the IVC can cause unreliable results in the femoral,
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pressure and respiratory distress. Similar to what occurs with
the portal vein, we can see pulsatility in healthy individuals.*
The femoral pattern may never normalize in chronic pulmo-
nary hypertension, structural tricuspid regurgitation regardless
of fluid status. Susceptibility to excessive transducer pressure
also needs attention and is dependent on the correct Doppler
angle if absolute velocities are being measured (pattern asses-
sment is less angle dependent).®?

Conclusion

By integrating this ultrasound protocol we will be able to
deepen into the pathophysiology of venous congestion and
this will allow us to make an individualized adjustment of the
patient's therapy.

These tools should be used to determine if congestion is
contributing to organ dysfunction and to assess response to
decongestant therapy and as a marker of fluid status or volu-
me responsiveness.! We still have to know which is the best
approach for our congestive heart failure patients. In specific
cases, such as cardiorenal syndrome, it may be sufficient to
evaluate portal and renal veins, without the need to perform a
more complex score that is difficult to reproduce in some cli-
nical contexts, or perhaps in some cases might be enough to
perform a femoral venous Doppler.

We are sure that evidence about the best approach to eva-
luate the intravascular volume in an effective and non-invasive
way will eventually arise.
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