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The role of venous congestion in abnormal kidney function is being increasingly recognized. It is well
known that unresolved congestion is associated with adverse kidney and overall outcomes in patients
with heart failure. Similarly, any condition that leads to elevated central venous pressure, such as pul-
monary hypertension, can result in impaired kidney perfusion by increasing its afterload. Point-of-care
ultrasonography (POCUS) enables the clinician to objectively assess hemodynamics at the bedside
and, thereby, guide patient management. Lung POCUS has received widespread attention in the recent
past because of the relative ease of the technique, but it reflects only left heart pressures and not venous
congestion. Although inferior vena cava POCUS is used to estimate right atrial pressure, its isolated use
cannot demonstrate organ congestion. Moreover, it is associated with several technical and conceptual
limitations. Recently, venous excess Doppler ultrasound has emerged as a tool to assess venous
congestion at the organ level in real time. Severe flow abnormalities in hepatic, portal, and kidney
parenchymal veins have shown to predict the risk of congestive kidney injury. In addition, it helps to
objectively monitor the efficacy of decongestive therapy. In this review, we provide a brief overview of
various components of venous excess Doppler ultrasound and share our perspective on incorporating this
novel tool in nephrology practice.
© 2022 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The assessment of volume status or, more precisely,
hemodynamics at the bedside is a critical component of

day-to-day nephrology practice, whether in the context of
acute kidney injury (AKI), chronic kidney disease, or
electrolyte disorders, such as hyponatremia. Careful history
taking, physical examination, vital signs, and interpreta-
tion of laboratory data aid in this process but have several
limitations.1-3 In addition, the traditional approach to
hypotension and/or abnormal kidney function has been
forward flow–centric, with an emphasis on increasing
cardiac output and, thereby, kidney blood flow. Therefore,
intravenous fluids are often administered empirically in
such cases. However, we know that global organ perfusion
pressure is the difference between inflow pressure and
outflow pressure. In the case of the kidney, it is the dif-
ference between mean arterial pressure and central venous
pressure or intra-abdominal pressure, whichever is
higher.4 There is accumulating evidence linking elevated
central venous pressure with worsening kidney function,
as well as mortality, independent of cardiac output.5,6

Indiscriminate fluid loading can hamper organ perfusion
by driving up the central venous pressure, especially when
a patient’s heart is operating on the flat portion of the
Frank-Starling curve. In the recent past, point-of-care ul-
trasonography (POCUS) has evolved as a valuable adjunct
to physical examination in various medical specialties. It is
intended to answer focused clinical questions at the
bedside and guide patient management. Sonographic
measurements of the inferior vena cava (IVC) diameter and
collapsibility can be used to estimate central venous pres-
sure or the right atrial pressure and has been a standard
practice in echocardiography. However, it is unclear what
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level of central venous pressure is associated with altered
venous flow at the organ level in various clinical settings.
Recently, Beaubien-Souligny et al7 proposed a venous
excess Doppler ultrasound (VExUS) grading system to
quantify organ congestion. In their cohort of postcardiac
surgery patients, the presence of severe flow abnormalities
in 2 or more veins (of the hepatic, portal, and kidney
parenchymal veins) with a dilated IVC (≥2 cm) has been
shown to predict the risk of AKI (hazard ratio, 3.69; 95%
confidence interval, 1.65-8.24; P = 0.001), outperforming
isolated central venous pressure measurements.7 Although
VExUS grading is a novel concept, the role of these indi-
vidual Doppler waveforms in the assessment of right atrial
pressure has been previously established.8-11 In this article,
we intend to provide an overview of VExUS from the
perspective of nephrologists and discuss its utility in the
care of patients with fluid disorders.
IVC ULTRASOUND

IVC ultrasound is usually the first step in the sonographic
assessment of right atrial pressure. The IVC size and
collapsibility are typically assessed in the subxiphoid long-
axis view, with the patient in a supine position, at
approximately 2 cm below the right atrial junction. To
facilitate standardized reporting, guidelines recommend
stratifying right atrial pressure as follows in spontaneously
breathing patients. Right atrial pressure is documented as 3
mm Hg (0-5 mm Hg) if the maximal anteroposterior
diameter of the IVC is <2.1 cm, and it collapses >50% with
a sniff. If the IVC is >2.1 cm and collapses <50%, right
atrial pressure is reported as 15 mm Hg (10-20 mm Hg).
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An intermediate value of 8 mm Hg (5-10 mm Hg) is
assigned to scenarios where the IVC diameter and collapse
do not fit this paradigm.12 In mechanically ventilated pa-
tients, this method cannot be used to estimate right atrial
pressure,13 and it is reported as 8 mm Hg by default. So,
simplistically, if the IVC is plethoric, the right atrial pres-
sure is high; if it is small and collapsible, the right atrial
pressure is low.

However, there are several caveats to IVC ultrasound,
especially when used in isolation. First, the correlation of
these parameters with right heat catheterization–derived
right atrial pressure is only modest.14,15 Also, asking the
patient to sniff is a way of standardizing the inspiratory
effort. In sick patients, several factors affect this, such as
tachypnea, pain, fatigue, inability to follow instructions,
and so forth. In addition, day-to-day variations in effort
might occur depending on the improvement or deterio-
ration of clinical status, making it difficult to follow this
parameter to guide therapy. Some individuals, such as
trained athletes, can have a chronically dilated IVC
without elevated right atrial pressure, whereas those
with elevated intra-abdominal pressure may have a
collapsed IVC despite high right atrial pressure.16,17

Additionally, the evaluation of the IVC in the long
axis alone is subject to a cylinder effect, which means
that when the 2-dimentional ultrasound beam bisects
the 3-dimensional vessel (presumed to be a cylinder) in
the periphery rather than the center, a falsely low
diameter will be recorded.18 This leads to an incorrect
interpretation during follow-up examinations, particu-
larly when different operators are performing the study.
We recommend evaluating the IVC in both long and
short axes to avoid this pitfall. In fact, the ratio of short-
and long-axis diameters of the IVC correlated strongly
with the right atrial pressure obtained by catheterization
in 1 study, compared to isolated views.19 Additionally,
the IVC can be confused with structures such as the
aorta and duodenum in the long axis, and the right
atrium in the short axis, by inexperienced users.

IVC ultrasound indicates central venous pressure and,
thus, constraint to venous return; it should not be used to
determine fluid responsiveness. While extremes of central
venous pressure may suggest fluid responsiveness or a lack
thereof by making assumptions about a patient’s position
on the Frank-Starling curve, it is not possible to predict
whether patients with intermediately elevated central
venous pressure respond to fluids just based on that
number.20,21 Moreover, the shape of the Frank-Starling
curve varies among individuals depending on the cardiac
contractility and afterload. In our practice, fluid respon-
siveness is assessed by the POCUS-assisted stroke volume
measurement before and after a small fluid bolus or passive
leg raise.22 However, it is important to realize that fluid
responsiveness does not imply an indication for intra-
venous fluid administration. The goal of resuscitation is
not to exhaust fluid responsiveness, but rather to
improve organ perfusion; as mentioned, overzealous
2

fluid loading reduces organ perfusion by increasing the
outflow pressure.
COMPONENTS OF VEXUS

Once the IVC ultrasound suggests elevated right atrial
pressure, the next step is to perform a Doppler evaluation
of the abdominal veins to gauge the pressure’s down-
stream effects. Doppler measures the shift in frequency of
the transmitted and reflected ultrasound waves from mo-
bile acoustic interfaces, such as red blood cells. This fre-
quency shift is at its maximum at an angle of 0�. In other
words, the best representations of blood flow and accurate
velocities occur when the flow or vessel is parallel to the
ultrasound beam. In the color Doppler mode, red typically
denotes flow toward the transducer and blue denotes flow
away from the transducer. Pulsed-wave Doppler mode is
used to obtain a graphic representation of the pattern of
blood flow over time; positive deflection (above the
baseline) on the trace denotes blood flow toward the
transducer, and negative deflection (below the baseline)
denotes blood flow away from the transducer. Thorough
knowledge of these concepts is required for optimal image
interpretation.

Hepatic Vein Doppler

Image Acquisition Pearls
There are 3 major hepatic veins—the right, middle, and
left—that separate liver lobes and segments. They appear as
anechoic structures on grayscale images with near-
imperceptible walls. Hepatic veins can be distinguished
from portal vein branches by tracing toward their
confluence with the IVC, whereas the origin of the portal
vessels can be traced back to the porta hepatis. Further,
portal veins have thicker, hyperechoic walls. One of the
main hepatic veins is imaged from the right, midaxillary
coronal plane or subxiphoid window using a curvilinear or
phased array transducer (Fig 1). They normally appear
blue on color Doppler, as most of the flow is away from
the transducer. Pulsed-wave Doppler interrogation is per-
formed during quiet respiration or during end-expiratory
hold when possible. The Valsalva maneuver must be
avoided, as it can alter the flow pattern.23

Normal Hepatic Vein Waveform
The normal hepatic vein Doppler waveform looks similar
to that of a central venous pressure tracing and is
composed of 4 individual waves: namely, S, V, D, and
A.24,25 The S wave is a negative (below-the-baseline)
deflection that occurs during ventricular systole as the
blood is sucked into the right atrium due to the motion of
tricuspid annulus toward the cardiac apex. It is followed by
a transitional V wave, which occurs at end-systole as the
tricuspid annulus returns to its normal position, increasing
the right atrial pressure. The V wave can be below or above
the baseline. The D wave is another negative deflection that
Kidney Med Vol 4 | Iss 7 | July 2022 | 100482



Figure 1. Grayscale ultrasound images of the hepatic vein from the lateral and subxiphoid windows. Abbreviations: HV, hepatic vein;
IVC, inferior vena cava; PV, portal vein.
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occurs during ventricular diastole as the tricuspid valve
opens, and represents passive filling of the right atrium.
Normally, the S wave is larger than the D wave (S > D
pattern; Fig 2A). At end-diastole, the A wave, a small,
positive deflection, is seen because of increased right
atrial pressure from atrial contraction. Some authors use
the terms “antegrade” and “retrograde” to describe these
waveforms. Antegrade indicates venous flow toward the
heart (S and D waves), while retrograde indicates flow
away from the heart (V and A waves). Simultaneous
electrocardiographic (ECG) tracing helps to correctly
identify the hepatic vein waveforms. A, S, and D waves
of the hepatic vein occur immediately after P, R and T
Figure 2. Pulsed-wave Doppler tracing of the (A) hepatic vein and
hepatic vein trace. See text for a description.
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waves of the ECG respectively. The hepatic vein wave-
form also exhibits respiratory variation, with increased
flow toward the right atrium (larger S and D waves)
during inspiration.

Hepatic Vein Waveform Transition With Increasing
Right Atrial Pressure
As the right atrial pressure increases, the pressure gradient
between the hepatic veins and right atrium reduces,
leading to less venous return during systole (S < D
pattern).8 The higher the right atrial pressure, the smaller
the S wave. This is further potentiated by the presence of
tricuspid regurgitation (due to annular dilatation in fluid
(B) portal vein. A, S, V, and D represent individual waves in the

3



Koratala and Reisinger
overload), in which case the S wave can disappear or
reverse and appear above the baseline as the blood re-
gurgitates into the right atrium during ventricular systole.
Finally, A, S, and V waves may combine to form a single,
retrograde wave, resulting in a to-and-from pattern with
the D wave remaining below the baseline (D-only
pattern).26

Pitfalls
Without simultaneous ECG gating, the hepatic vein
waveform is susceptible to erroneous interpretation.
Figure 3 illustrates some of the commonly misinterpreted
scenarios. The waveform is also influenced by arrhythmias.
For example, atrial fibrillation leads to the loss of the A
wave and a smaller S wave (S < D pattern) even in the
absence of elevated right atrial pressure, as the S wave
partly depends on atrial relaxation.27 In addition, a chronic
S < D pattern or S-wave reversal maybe seen in patients
with structural tricuspid regurgitation or pulmonary hy-
pertension, irrespective of the fluid status. This applies to
any venous waveform, as the Doppler flow reflects right
atrial pressure regardless of the cause (pressure vs volume
overload). Nevertheless, it does not discount the fact that
the organ congestion is still present. It is indeed well
recognized that the correlation between blood volume and
right atrial pressure is poor.28
Figure 3. Mistakes in the interpretation of hepatic vein Doppler wh
D waves are misidentified and interpreted as an S > D pattern. Th
QRS complex. (B) Without ECG, the waveform is interpreted as a D
D and S waves, which can happen in hyperdynamic states. (C) Wi
waves below the baseline. The correct interpretation is a D-only p
following the QRS complex. Note the rhythm is irregular; the patie
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Portal Vein Doppler

Image Acquisition Pearls
The portal vein can be imaged either from the lateral aspect
or subxiphoid window, similar to imaging of the hepatic
vein (Fig 4). Looking for echogenic walls and portal triad
at the neck of the gallbladder helps in correct identification
of the portal system. The main portal vein crosses over the
IVC, whereas hepatic veins drain into it. The portal vein
appears red on color Doppler, as the blood flow is toward
the transducer, though its branches may appear blue
depending on their curvature relative to the transducer
position.

Normal Portal Vein Waveform
The normal portal vein waveform is above the baseline and
relatively continuous, with slight undulations caused by
atrial contraction at end-diastole (Fig 2B).24 Unlike the
hepatic vein, which is a direct tributary of the IVC, the
portal vein is separated by hepatic sinusoids that prevent
direct transmission of right atrial pressure and, hence, it is
continuous, without distinct S and D waves.29

Portal Vein Waveform Transition With Increasing
Right Atrial Pressure
With increased transmission of right atrial pressure to
the portal vein, the vein becomes more pulsatile, which
en there is no simultaneous ECG trace. (A) Without ECG, S and
e correct interpretation is S < D. Note that the S wave follows a
-only pattern (S reversal). The correct interpretation is a fusion of
thout ECG, the waveform is interpreted as normal, with S and D
attern with S reversal. There is no downward wave immediately
nt has atrial fibrillation. Abbreviation: ECG, electrocardiographic.
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Figure 4.Grayscale ultrasound images of the PV from the lateral and subxiphoid windows. Abbreviations: IVC, inferior vena cava; PV,
portal vein.
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can be quantified by the pulsatility faction, expressed as
[Vmax − Vmin ÷ Vmax] × 100, where Vmax and Vmin are the
highest and lowest velocities in a cardiac cycle, respec-
tively. Generally, >30% pulsatility is considered
abnormal.7 Severe increases in right atrial pressure, typi-
cally associated with substantial tricuspid regurgitation,
result in flow reversal (below the baseline) in late systole.

Pitfalls
Pulsatile portal venous flow without elevations in right
atrial pressure has been reported in thin individuals with a
low body mass index.23 In patients with liver cirrhosis and
portal hypertension, portal vein Doppler primarily reflects
local pressure changes rather than right atrial pressure, and
Figure 5. Color and pulsed-wave Doppler images of the renal inte
omy of the major renal veins.
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can be pulsatile at baseline, demonstrate completely hep-
atofugal flow (continuous below-the-baseline waveform),
or remain apparently normal in the presence of elevated
right atrial pressure.30-32 In such cases, comparison with a
recent sonogram helps when available.

Kidney Parenchymal Vein Doppler

Image Acquisition Pearls
Flow in the intrarenal veins reflects the downstream effects
of right atrial pressure and interstitial edema within the
encapsulated kidneys.11 Therefore, Doppler interrogation
of interlobar veins is performed rather than interrogation
of the main renal vein. The kidneys are imaged in long and
short axes from the midaxillary plane approximately at the
rlobar vessels. The illustration on the left demonstrates the anat-
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Figure 6. Venous excess Doppler ultrasound grading. When the diameter of IVC is more than 2 cm, 3 grades of congestion are
defined based on the severity of abnormalities on hepatic, portal, and intrarenal venous Doppler. Hepatic vein Doppler is considered
mildly abnormal when the S wave is smaller than the D wave, but still below the baseline; it is considered severely abnormal when the
S wave is reversed. Portal vein Doppler is considered mildly abnormal when the pulsatility is 30%-50%, and severely abnormal when
it is ≥50%. *Points of pulsatility measurement. Intrarenal vein Doppler is mildly abnormal when it is pulsatile with distinct S and D
components, and severely abnormal when it is monophasic with a D-only pattern. This figure was adapted from NephroPOCUS.
com with permission. Abbreviations: IVC, inferior vena cava; VExUS, venous excess Doppler ultrasound.

Koratala and Reisinger
10th intercostal space using a curvilinear (preferred) or a
phased array transducer. Most intrarenal veins appear blue
and arteries appear red on color Doppler, as the blood flow
is away and toward the transducer, respectively.
Figure 7. Change in portal vein pulsatility compared with documen
apy for acute kidney injury.

6

Normal Kidney Parenchymal Vein Waveform
In a physiologic state, blood flow in the interlobar veins is
relatively continuous, like that in the portal vein, but is
below the baseline, as the flow is away from the
ted fluid balance in a patient undergoing renal replacement ther-
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Figure 8. Venous Doppler findings in a clinic patient with acute kidney injury on chronic kidney disease. The initial examination dem-
onstrates a D-only pattern on hepatic and renal parenchymal veins, with 40% pulsatility of the portal vein. The follow-up examination
demonstrates both S and D waves below the baseline in the hepatic vein, <30% pulsatility of the portal vein, and venous flow both in
systole and diastole in the renal parenchymal vein.
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transducer. Because of the narrow Doppler sampling zone,
the interlobar artery waveform is often displayed above the
baseline, which helps to identify the phase of the cardiac
cycle (built-in ECG; Fig 5).

Kidney Parenchymal Vein Waveform Transition With
Increasing Right Atrial Pressure
As the right atrial pressure increases, kidney parenchymal
veins become less compliant, making the flow pulsatile. A
biphasic pattern is seen with distinct systolic (S) and dia-
stolic (D) waves, followed by a monophasic (D-only) flow
pattern with further increases in right atrial pressure.33

This is essentially similar to the pattern of the hepatic
vein waveform where the S wave is reversed but, due to
the presence of the arterial waveform above the baseline, it
is not well visualized.

Pitfalls
A major limitation of the intrarenal Doppler is its technical
difficulty. As the vessels are small, the Doppler sample
volume or gate frequently moves out of plane as the kid-
ney moves with respiration. Where possible, breath
holding helps, though this is not always feasible due to
patient factors. Also, factors other than right atrial pressure
can alter the venous waveform, such as structural abnor-
malities of the kidney, advanced chronic kidney disease,
Kidney Med Vol 4 | Iss 7 | July 2022 | 100482
vascular anastomosis in an allograft, and so forth, and these
factors remain underexplored at this time.
VEXUS GRADING

Based on the original study,7 venous congestion is classi-
fied into 4 grades (Fig 6). If the IVC is not plethoric, there
is deemed to be no congestion (grade 0), and further
Doppler examination is not performed. When the IVC is
plethoric but there are no severely abnormal waveforms
(defined as S-wave reversal on hepatic, >50% pulsatility on
portal, and a monophasic pattern on intrarenal Doppler),
congestion is considered to be mild (grade 1). Plethoric
IVC with at least 1 severely abnormal pattern is considered
to be moderate congestion (grade 2), while 2 or more
abnormal Doppler patterns constitute severe congestion
(grade 3). The study did include mechanically ventilated
patients, which expands the practical applicability of the
grading system. It is noteworthy that an isolated VExUS
scan cannot differentiate between volume overload and
pressure overload; the findings must be interpreted in the
appropriate clinical context, together with other POCUS
findings. For instance, a patient with right heart failure due
to a pulmonary embolism or severe pulmonary hyper-
tension may also demonstrate venous flow abnormalities,
but from pressure overload. In such cases, cause-directed
7



Table 1. Utility and Limitations of Various Sonographic Applications in the Assessment of Fluid Status

Sonographic
Application

Key Diagnostic
Information Limitations and Pitfalls

Lung
ultrasound

Left-sided cardiac
pressures

• Technical errors, such as poor transducer alignment and
misidentification of pleural line, especially in obese individuals

• B-lines are not specific for pulmonary edema
• Variations in scanning protocols throughout the literature

IVC Right-sided cardiac
pressures

• Numerous technical challenges, including a cylinder effect
and misidentification of the vessel

• IVC can be dilated without elevated right atrial pressure
in trained athletes

• IVC can be collapsed despite elevated right atrial
pressure in intra-abdominal hypertension

• Minor changes in diameter can be difficult to appreciate
while monitoring a response to therapy; the degree of
collapse is influenced by the strength of breath

• Cannot differentiate pressure and volume overload
(same applies to VExUS)

Hepatic vein
Doppler

Quantification of
systemic venous
congestion and guide
decongestive therapy

• Prone to misinterpretation without simultaneous ECG tracing
• Influenced by arrhythmias, right ventricular systolic function,
and local factors, such as liver cirrhosis

Portal vein
Doppler

Quantification of
systemic venous
congestion and guide
decongestive therapy

• Not reliable in patients with cirrhosis and portal hypertension
• Can be pulsatile at baseline in thin individuals without
elevated right atrial pressure

Kidney
parenchymal
vein Doppler

Quantification of
systemic venous
congestion and guide
decongestive therapy

• Technically challenging compared to above vessels
• Improvement with decongestion is delayed (compared to
the portal vein) when interstitial edema is present

• Limited data in advanced CKD and kidney transplant
Note: Point-of-care cardiac ultrasound is an integral component of a bedside hemodynamic assessment. However, it is beyond the scope of this review and, hence, is
not included here.
Abbreviations: CKD, Chronic kidney disease; ECG, electrocardiogram; IVC, inferior vena cava; VExUS, venous excess Doppler ultrasound.
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therapy, such as thrombolysis or pulmonary vasodilators,
aids in decongestion. Similarly, patients with severe sys-
tolic heart failure may require inotropic support as
opposed to fluid removal alone. Therefore, aggressive ul-
trafiltration or diuretic therapy does not necessarily benefit
every case of venous congestion. In addition, it is difficult
to differentiate between fluid overload–induced AKI and
AKI-induced fluid overload, though it typically does not
change the management. Table 1 summarizes the utility
and limitations of the above-discussed Doppler waveforms.
RELEVANT CLINICAL STUDIES

Multiple studies have evaluated the clinical utility of in-
dividual Doppler waveforms. In a retrospective cohort
study including 102 patients after cardiac surgery, portal
vein pulsatility was associated with an increased risk of AKI
(odds ratio, 4.31; P = 0.007).34 In a prospective cohort
study including patients undergoing cardiac surgery,
Eljaiek et al35 demonstrated that a portal vein pulsatility
fraction ≥ 50% was associated with a higher intraoperative
cumulative fluid balance, as well as major complications,
including severe AKI and surgical reintervention (odds
ratio, 5.83; P = 0.001). In another prospective study of
cardiac surgery patients, portal pulsatility was associated
with an increased risk of AKI (hazard ratio, 2.09; 95%
confidence interval, 1.11-3.94; P = 0.02), as was altered
intrarenal venous flow (hazard ratio, 2.81; P = 0.003).36
8

In a prospective study in a medical intensive care unit,37

an S < D pattern on hepatic vein Doppler was shown to
predict major adverse kidney events at 30 days, with an
odds ratio of 4 (95% confidence interval, 1.4-11.2). In
contrast, portal and kidney parenchymal vein flow ab-
normalities did not share this association. The heteroge-
nous etiology of AKI in an unselected cohort of critically ill
patients could have contributed to the discrepancy. In the
context of heart failure, a study prospectively evaluated
intrarenal hemodynamics in 217 patients. A monophasic
pattern (D-only pattern) on intrarenal Doppler was asso-
ciated with a poorer prognosis compared to a biphasic
pattern, which in turn conferred a worse prognosis
than a continuous pattern after a mean follow-up of
304 days.38 In a prospective study including 205 patients
with suspected or prediagnosed pulmonary hypertension
undergoing right heart catheterization, Husain-Syed et al33

found that a severely abnormal intrarenal venous
flow pattern predicted the morbidity or mortality end
point with a hazard ratio of 4.72 (95% confidence inter-
val, 2.1-10.6; P < 0.0001), highlighting that congestive
organ injury is seen in both pressure and volume
overloads.
ROLE IN PATIENT MONITORING

In addition to quantification of congestion and prognostic
significance, serial monitoring of these waveforms provides
Kidney Med Vol 4 | Iss 7 | July 2022 | 100482
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a real-time appraisal of the efficacy of decongestive therapy,
as reported in multiple case studies.39-45 Following are 2
case examples from our practice.

Case 1

This case highlights the dynamic nature of a portal vein
waveform with a changing fluid balance. A patient with
AKI requiring hemodialysis in the setting of complex
vascular surgery developed intradialytic hypotension and
was thought to be hypovolemic based on the physical
examination by 2 separate physicians. However, POCUS
was performed, as the documented cumulative fluid bal-
ance was positive 12 liters, which did not seem to fit with
the clinical assessment. It revealed a plethoric IVC and
100% pulsatile portal vein with intermittent flow reversal
suggestive of significant venous congestion. There was no
pericardial effusion, and the left ventricular function was
relatively preserved. Continuous venovenous hemofiltra-
tion was initiated, and the portal vein waveform improved
in parallel with the negative fluid balance. Figure 7 also
demonstrates how the waveform transitioned with fluc-
tuations in the fluid balance as the patient received intra-
venous fluids in the operating room during subsequent
procedures.

Case 2

In the cardiorenal clinic, a patient with heart failure
(ejection fraction w20%), chronic kidney disease, and
pulmonary hypertension was seen for elevated serum
creatinine level (2.7 mg/dL from a baseline ofw2mg/dL).
While the documented weight did not change compared to
prior clinic visit, POCUS revealed severe venous congestion
(Fig 8). A lung ultrasound demonstrated only trace pul-
monary congestion. Diuretic therapy was up titrated. A
month later, the serum creatinine level was 2.4mg/dL in the
primary care setting. At a 3-month follow-up visit, creati-
nine had further improved to 2.1 mg/dL and the venous
waveforms had almost normalized, suggestive of improve-
ment in congestion. The IVC remained dilated, as expected
in chronic pulmonary hypertension. Interestingly, the
documented weight during the follow-up visit was 1 kg
higher than the prior value.

These cases serve as examples to demonstrate that
VExUS can aid in clinical decision making when the con-
ventional parameters are discordant. POCUS should be
viewed as an adjunct to physical examination and clinical
acumen, but not as an alternative. Moreover, normaliza-
tion of the VExUS grade might not be the end goal in every
case; as mentioned, patients with chronic pulmonary hy-
pertension may have venous congestion in a steady state,
and overzealous attempts at fluid removal can lead to
impaired forward flow. In our practice, we have noticed
that the portal vein waveform tends to improve or
normalize despite chronically abnormal IVC or hepatic and
kidney parenchymal waveforms in such patients.40,41

Nevertheless, larger studies are needed to test this clinical
observation.
Kidney Med Vol 4 | Iss 7 | July 2022 | 100482
CONCLUSIONS AND FUTURE DIRECTIONS

Doppler ultrasound of the systemic veins adds another data
point in the evaluation of bedside hemodynamic status and
constitutes a piece of the puzzle, together with clinical,
laboratory, and other sonographic parameters.22,44 Future
studies are needed to evaluate how to better integrate
VExUS into clinical care and the impact of such an
approach on measurable outcomes. Several clinical trials
testing this protocol in diverse patient groups are in
progress, and are expected to shed light on some of the
unknowns.46-49
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