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Abstract

Background: Lingering congestion portends poor out-

comes in patients with heart failure (HF) and is a key target 

in their management. Studies have shown that physical 

exam has low yield in this setting and conventional methods 

for more precise assessment and monitoring of volume sta-

tus (e.g., body weight, natriuretic peptides, and chest radi-

ography) have significant inherent shortcomings. Summa-

ry: Point of care ultrasonography (POCUS) is a noninvasive 

versatile bedside diagnostic tool that enhances the sensitiv-

ity of conventional physical examination to gauge conges-

tion in these patients. It also aids in monitoring the efficacy 

of decongestive therapy and bears prognostic significance. 

In this narrative review, we discuss the role of focused sono-

graphic assessment of the heart, venous system, and extra-

vascular lung water/ascites (i.e., the pump, pipes, and the 

leaks) in objective assessment of fluid volume status. Key 

Messages: Since each of the discussed components of PO-

CUS has its limitations, a combinational ultrasound evalua-

tion guided by the main clinical features would be the key to 

reliable assessment and effective management of conges-

tion in patients with HF. © 2021 S. Karger AG, Basel

Background

Congestion is the primary reason for hospitalization in 
patients with heart failure (HF) and a major predictor of 
poor outcomes, making it an important target of thera-
peutic interventions [1]. Hemodynamic congestion (i.e., 
elevation of the left ventricular filling pressures) is known 
to precede clinical manifestations by days to weeks. On 
the other hand, studies have shown that clinical manifes-
tations of volume overload can resolve despite persistence 
of hemodynamic congestion, with excess fluid in the in-
travascular and interstitial compartments [2, 3]. Dis-
charging patients hospitalized for acute decompensated 
HF with improved symptoms yet lingering hemodynam-
ic congestion results in symptom recurrence and read-
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missions. Moreover, in patients with underlying renal 
dysfunction, associated neurohormonal maladaptive 
mechanisms lead to increased sodium reabsorption, de-
creased water clearance, and diuretic resistance resulting 
in further worsening of the congestive state [4]. Objective 
and precise assessment of fluid volume status therefore 
plays a crucial role in guiding decongestive therapy.

Unfortunately, there is no single accurate method of 
determining volume status. Conventional physical ex-
amination findings are not always reliable. For example, 
jugular venous pressure (JVP) measurement is often lim-
ited by patient’s body habitus and underlying respiratory 
pathology. Similarly, lower extremity edema may be in-
dicative of low plasma oncotic pressure or high vascular 
permeability rather than high cardiac filling pressures. In 
supine hospitalized patients, the apparent decrease in 
edema could be due to redistribution to the sacral region, 
which may be falsely interpreted as improvement in con-
gestion. Similarly, the absence of lung crackles does not 
imply absence of congestion, and in chronic HF, even 
severe hemodynamic congestion may not cause crackles 
and/or radiographic pulmonary edema due to adaptive 
pathophysiologic changes such as increased lymphatic 
drainage and alveolar capillary membrane thickness [2]. 
In one study, the combined sensitivity of lung crackles, 
peripheral edema, and elevated JVP was only 58% to de-
tect an elevated pulmonary capillary wedge pressure 
(PCWP) >22 mm Hg [5]. While body weight is a fre-
quently used parameter to assess congestion, fluid redis-
tribution drives pulmonary manifestations compared to 
overt fluid accumulation in a significant subset of pa-
tients with acute HF making it less reliable [6]. Moreover, 
it has been shown that substantial discrepancy exists be-
tween fluid and weight loss during acute decompensated 
HF treatment [7]. Laboratory parameters such as B-type 
natriuretic peptide are helpful but are nonspecific and do 
not acutely change with therapy. Even chest radiography 
is not infallible and approximately 20% of the patients 
with congestion can present with a normal radiograph 
[8]. While thoracic impedance cardiography has been 
studied as a noninvasive method to determine changes 
in thoracic fluid content, it largely remains a work in 
progress at this time and is not widely available [9]. In the 
recent past, point of care ultrasonography (POCUS) has 
emerged as an attractive bedside diagnostic tool to deter-
mine volume status and monitor efficacy of the decon-
gestive therapy. Adoption of this technique would be an 
invaluable addition to the skillset of the cardiorenal phy-
sician whose goal is to decipher the complex pathophys-
iology of heart-kidney interactions. In fact, it could be 

pertinent to physicians providing care for patients with 
fluid overload state from any cause including liver dis-
ease and nephrotic syndrome. Herein, we provide an 
overview of such approach from a nephrologic stand-
point and discuss its nuances.

Definition and Scope of POCUS

POCUS is the limited bedside ultrasound examination 
performed by the treating physician to find answers for 
focused clinical questions and guide management. Unlike 
the comprehensive ultrasound study performed in the ra-
diology department which evaluates all organs in an ana-
tomical region (e.g., complete abdominal ultrasound), 
POCUS is often performed to evaluate a particular pa-
thology such as presence or absence of ascites. Its key pur-
pose is to immediately narrow the differential diagnosis 
by building on the information disclosed by history and 
physical examination, which expedites the care while also 
potentially avoiding use of ionizing radiation [10]. Once 
confined to specialties such as emergency medicine and 
obstetrics, its use is rapidly expanding in the field of in-
ternal medicine and subspecialties including nephrology. 
In fact, POCUS is being integrated into both undergradu-
ate and graduate medical education curricula as well as 
continuing medical education certification programs for 
practicing physicians [11–13]. Goal-directed sonograph-
ic assessment of the pump, pipes, and the leaks provides 
helpful insights into systemic hemodynamics that can be 
integrated with conventional assessment to guide treat-
ment decisions in patients with HF. The pump represents 
the focused cardiac ultrasound (FoCUS), pipes represent 
inferior vena cava (IVC) ultrasound and venous Doppler, 
and the leaks indicate assessment of the extravascular 
lung and abdominal fluid (Fig. 1).

The Pump

FoCUS is gaining popularity among the non-cardiol-
ogist physicians as a bedside diagnostic tool, and studies 
have consistently shown that it can be effectively per-
formed by providers with a relatively brief formal training 
[14, 15]. Moreover, it has proven to significantly increase 
the sensitivity of auscultation, particularly for the diagno-
sis of left ventricular dysfunction and common valvular 
abnormalities [16]. FoCUS assists in the evaluation of flu-
id status by rapidly providing the answers to the so-called 
“5 Es,” that is, qualitative estimation of left ventricular 
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Ejection, presence or absence of pericardial Effusion, 
Equality (relative right ventricular size), Entrance (IVC 
size and collapsibility), and the Exit (stroke volume mea-
surement at the left ventricular outflow tract [LVOT]) 
[17, 18]. While fluid overload is the main concern in HF, 
a subset of patients aggressively treated with diuretics 
may develop reduced cardiac output and consequent tis-
sue hypoperfusion due to relative volume depletion. In 
such patients, it would be prudent to confirm volume re-
sponsiveness using FoCUS instead of administering in-
travenous fluids empirically. Volume responsiveness is 
generally defined as an increase in stroke volume by >15% 
after 500 cc of fluid challenge. Passive leg raise is a simple 
and practical method of predicting fluid responsiveness. 
It is performed by tilting the patient from a 45° semi-re-
cumbent head-up position to a 45° leg-up position, which 
transfers up to 300–400 mL of blood into central circula-
tion, obviating the need for external fluid bolus adminis-
tration. Stroke volume is measured at the LVOT before 
and one min after the leg raise; an increase by 10% sug-
gests fluid responsiveness [19]. Stroke volume is the prod-
uct of LVOT cross sectional area and velocity time inte-
gral (VTI). LVOT cross-sectional area is derived from the 

LVOT diameter in parasternal long-axis view using the 
formula πr2, and LVOT VTI is obtained by tracing the 
envelope of the Doppler spectrum of systolic flow in the 
apical 5-chamber view (Fig. 2) [20]. As the LVOT diam-
eter is constant for a given person, VTI (normal: ∼18–22 
cm) is often used as a surrogate for cardiac output chang-
es assuming the heart rate is relatively constant.

In the outpatient clinics, assessment of the left ven-
tricular filling pressures to detect hemodynamic conges-
tion can help titrate diuretic therapy before the onset of 
symptoms. While this requires a higher operator skill 
than for FoCUS, it is still within the scope of physicians 
trained in Doppler ultrasonography. A variety of echo-
cardiographic parameters have been used to assess left 
ventricular filling pressures such as mitral inflow veloci-
ties, pulmonary venous flow, tissue Doppler imaging, and 
left atrial volume index. Of these, transmitral flow Dopp-
ler is commonly used when performing focused examina-
tions. To obtain the flow tracing, the Doppler sample vol-
ume is placed between the tips of open mitral valve leaf-
lets in the apical 4-chamber view. The normal tracing 
consists of E and A waves corresponding to flow during 
rapid filling period and atrial systole, respectively. In 
young, healthy individuals, most of left ventricular filling 
occurs during the rapid filling period and thus the E-wave 
peak velocity exceeds that of the A wave (E/A ratio >1) 
(Fig. 3, upper panel). E-wave deceleration time (DT) is 

Inferior vena cava
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Intra-renal vein

Lung ultrasound
&

Intra-abdominal free fluid
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Fig. 1. Representation of the pump, pipes, and leaks model for as-
sessment of fluid volume status in HF. HF, heart failure; LUS, lung 
ultrasound; IVC, inferior vena cava. Circulation image licensed 
from Shutterstock®.

Parasternal long axis view

LV

AO

LVOT diameter (d)
r = d/2

LVOT area = πr2

Doppler line
LVRV

Apical 5 chamber view

LVOT Doppler tracing

VTI

Stroke volume = LVOT area × LVOT VTI

Cardiac output = stroke volume × heart rate

Fig. 2. Determination of stroke volume and cardiac output using 
echocardiography. LV, left ventricle; RV, right ventricle; Ao, aorta; 
LVOT, left ventricular outflow tract; r, radius; VTI, velocity time 
integral.
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the time required for the peak E-wave velocity to cross the 
baseline. It represents the dissipation time for the maxi-
mal pressure gradient between left atrium and left ven-
tricle [21]. Normal DT is 160–200 ms and a value <150 
ms has been found to be predictive of a PCWP >15 mm 
Hg [22]. Interestingly, in a study using E-wave DT and 
B-type natriuretic peptide level to guide diuretic therapy 
in outpatients with chronic HF, a lower incidence of 
death (hazard ratio [HR] 0.45, 95% CI: 0.30–0.67, p < 
0.0001) and death or worsening renal function (HR 0.49, 
95% CI 0.36–0.67, p < 0.0001) was found in the interven-
tion group compared to controls. A DT cutoff of <140 ms 
was used as a surrogate marker of increased PCWP in this 
study [23]. However, there are certain limitations of using 
E-wave DT in this context. For example, DT does not al-
ways correlate with left ventricular end diastolic pressure 
in patients with preserved ejection fraction. It also cannot 
be used in cases where E and A waves are fused and those 
with atrial flutter [24].

Tissue Doppler imaging, when available can be used to 
supplement the transmitral flow findings. This involves 
measuring the longitudinal motion of the mitral valve an-
nulus (septal or lateral) during diastole. Normally, this 
tracing consists of below the baseline e′ wave, reflecting 
early relaxation; and a′ wave, reflecting atrial contraction 
in late diastole (Fig. 3, lower panel). The ratio of E and e′ 
predicts elevated filling pressures, and a lateral E/e′ ratio 

>13 or a septal E/e′ >15 is considered indicative of elevat-
ed PCWP. While individual cutoff values do exist for e′ 
apart from the ratio (septal e′ <7 cm/s, lateral e′ <10 cm/s 
is abnormal), in most patients with HF, e′ remains de-
pressed even after diuresis but the E/e′ ratio improves due 
to decrease in E-wave velocity [25]. Therefore, use of iso-
lated e′ to guide decongestive therapy may result in over 
diuresis. It is also important to note that tissue Doppler 
measurements can be unreliable in the presence of abnor-
malities such as mitral annular calcification (which, in 
fact, is common in patients with CKD), severe mitral re-
gurgitation, regional wall motion abnormalities, ventric-
ular desynchrony, and constrictive physiology [26]. 
Moreover, in patients with high heart rate, impaired re-
laxation leads to decrease in diastolic suction; optimal 
heart rate control with β-blockers should be considered 
in addition to diuretics [27].

Apart from POCUS, wireless implantable hemody-
namic monitoring systems may be suitable for select pa-
tients. These devices allow the physicians to remotely 
monitor pulmonary artery pressures and titrate therapy. 
For example, the CardioMEMS HF System (Abbott Med-
ical, Inc., Abbott Park, IL, USA) consists of a sensor de-
signed for permanent implantation into the distal pulmo-
nary artery and provides hemodynamic information that 
can be wirelessly transmitted to health care providers 
[28]. Of note, in a randomized controlled trial, patients 
managed with this device had a significant reduction in 
HF-related hospitalizations (HR 0.72, 95% CI 0.6–0.85,  
p = 0.0002). However, this technology is not yet widely 
available and right heart catheterization is needed to im-
plant the sensor [29].

Despite stated advantages, relying on isolated mea-
surement of left ventricular filling pressures to titrate di-
uretic therapy can result in errors. First, it is not always 
possible to accurately determine filling pressures using a 
single parameter such as mitral inflow Doppler, particu-
larly within the time constrains of an outpatient clinic. 
Furthermore, overzealous attempts at achieving normal 
filling pressures by fluid removal may potentially result in 
impaired forward flow and hypotension.

The Pipes

Inferior Vena Cava
Elevated central venous pressure or the right atrial 

pressure (RAP) is considered to reflect venous congestion 
and has been shown to be associated with impaired renal 
function possibly due to decreased renal perfusion pres-

LV

LA

Apical 4 chamber view

E-wave deceleration time

E EA A

Sʹ

eʹ eʹaʹ aʹ

Fig. 3. (Upper panel) Transmitral pulsed-wave Doppler tracing 
demonstrating E and A waves. E wave DT is the time required for 
the peak E-wave velocity to cross the baseline. (Lower panel) Tis-
sue Doppler tracing at the lateral mitral annulus demonstrating  
e′ = early diastolic, a′ = late/atrial diastolic, and s′ = systolic tissue 
velocities. DT, deceleration time.
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sure [30]. In clinical echocardiography, size and collaps-
ibility of the IVC is used as a surrogate for RAP. In spon-
taneously breathing patients, inspiration causes negative 
intrathoracic pressure and collapses the IVC. As the mag-
nitude of inspiratory effort can influence the degree of 
collapse, patients are usually asked to “sniff” to standard-
ize the effort. An IVC diameter ≤2.1 cm and collapsibility 
>50% with a sniff indicates normal RAP of 3 mm Hg (0–5 
mm Hg); IVC diameter >2.1 cm with <50% inspiratory 
collapse indicates high RAP of 15 mm Hg (10–20 mm 
Hg); an intermediate value of 8 mm Hg (5–10 mm Hg) is 
ascribed to scenarios in between [31]. Of note, IVC is 
commonly dilated in mechanically ventilated patients 
and may not collapse at all. Therefore, RAP cannot be es-
timated using these cutoffs.

The key advantage of IVC ultrasound is that image ac-
quisition is rather easy even for novice POCUS users. No-
tably, it has been shown that estimation of RAP by IVC 
POCUS performed by trainees using hand-carried ultra-
sound devices was superior to clinical examination of the 
jugular venous pulse [32]. In another study, IVC collaps-
ibility, but not pedal edema or lung crackles, has shown 
to predict readmission or emergency department visit af-
ter discharge in patients hospitalized for acute decom-
pensated HF. Interestingly, the scans were again per-
formed by internal medicine residents using hand-held 
ultrasound devices [33]. Currently, there is no high-qual-
ity evidence on the efficacy of IVC ultrasound-guided de-
congestive therapy in patients admitted for HF exacerba-
tion. A randomized controlled trial is under way [34].

There are a number of pitfalls associated with isolated 
use of IVC to determine volume status. First, while the 
vessel is routinely measured in its long axis (antero-pos-
terior diameter), inspiratory collapse can occur cranio-
caudally and/or mediolaterally resulting in errors. More-
over, the point of measurement of maximal diameter may 
not always reflect the true diameter due to anatomic fac-
tors [35]. Furthermore, “quick” examinations involving 
qualitative assessment of IVC collapse instead of taking 
precise measurements are error prone [36]. In case of sick 
patients, it might not be possible to regulate the respira-
tory effort. For example, a dyspneic patient can have 
>50% IVC collapsibility despite high RAP, while an el-
derly patient with shallow breathing may have a full-ap-
pearing IVC in the presence of normal RAP. This can 
confound the interpretation when serial measurements 
of IVC are being performed to assess response to therapy. 
In addition, increased intra-abdominal pressure alters the 
relationship between the IVC diameter and RAP by com-
pressing the vessel [37]. This is particularly important in 

patients with ileus or ascites. On the other hand, IVC may 
not collapse at all in patients on mechanical ventilation 
unless there is significant volume depletion, in which 
case, expiratory collapse (i.e., distension during inspira-
tion) can occur. In one study including 39 mechanically 
ventilated patients with septic shock, an IVC distensibil-
ity of 12%, calculated as the difference between the maxi-
mum and the minimum IVC diameter, normalized by the 
mean of the 2 values, and expressed as a percentage, cor-
related with fluid responsiveness [38]. However, only a 
fraction of patients in intensive care units possess the 
complete set of clinical conditions required to reliably 
perform this test (e.g., deep sedation with no spontaneous 
breaths, tidal volume ≥8 mL/kg, and absence of right 
heart dysfunction) [39]. In our practice, fluid responsive-
ness is typically performed using stroke volume measure-
ment instead of relying on indirect measures such as IVC, 
except for patients with poor cardiac windows.

Venous Doppler
The deleterious consequences of venous congestion 

on abdominal organs are often underappreciated in clin-
ical practice. For example, hepatic venous congestion is 
associated with chronic congestive hepatopathy in pa-
tients with pulmonary hypertension and elevated right-
sided filling pressures, which in turn predisposes them to 
acute ischemic hepatitis during HF exacerbation epi-
sodes. Similarly, renal vein congestion is implicated in 
progressive decline of glomerular filtration rate. More-
over, activation of renal venous endothelium results in 
release of inflammatory mediators, which may cause 
structural glomerular and interstitial damage as well as 
functional abnormalities such as proteinuria and reten-
tion of salt and water [40]. Interestingly, this inflamma-
tory response has also been shown to have distant-organ 
effects such as on the lung, causing the so-called nephro-
genic pulmonary edema [41]. In the intestine, venous 
congestion has been linked to altered permeability result-
ing in bacterial translocation and endotoxinemia [42]. 
Doppler ultrasonography of the hepatic, portal, and in-
trarenal veins allows the treating physician to visualize 
whether the high RAP translates into clinically significant 
venous congestion exhausting the venous compliance 
and resulting in organ dysfunction. In addition, knowl-
edge of these Doppler waveforms aids in more precise 
monitoring of the efficacy of decongestive therapy [18].

Hepatic Vein Doppler
Normal hepatic venous flow is phasic and bidirection-

al, reflecting the right atrial filling throughout the cardiac 
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cycle and right ventricular filling during diastole. Most of 
the blood flow in hepatic vein is anterograde or toward 
the heart (below the baseline) and consists of various in-
dividual waves similar to a JVP tracing. Therefore, chang-
es that increase RAP will cause above the baseline deflec-
tions and changes that decrease RAP will result in a 
downward deflection. “S” wave is the large anterograde 
waveform during early and mid-systole that occurs in re-
sponse to fall in RAP caused by the increase in volume 
due to atrial relaxation and systolic displacement of the 
tricuspid annulus toward the right ventricular apex. It is 
followed by a small retrograde “V” that occurs due to in-
crease in RAP caused by continued venous return toward 
late systole. The peak of this wave can be below or above 
the baseline on a normal tracing. The “D” wave is anoth-
er anterograde waveform caused by fall in the RAP that 
follows tricuspid valve opening and emptying of the right 
atrium into right ventricle in early to mid-diastole. Nor-
mally, the S wave is deeper (of greater velocity) than the 
D wave. “A” wave is a retrograde (above the baseline) 
waveform caused by atrial contraction at end diastole, 
which signifies RAP exceeding the pressure in IVC lead-
ing to flow reversal in the hepatic veins [43] (Fig. 4a). “A” 
wave may be absent in patients with atrial fibrillation. 

Having a simultaneous electrocardiogram tracing aids in 
accurate interpretation of these waveforms. During inspi-
ration, the velocity of the anterograde waveforms (S and 
D) increases due to increased venous return, while there 
is a reduction in the velocity of these waves together with 
an increase in diastolic flow reversals during expiration. 
Though not always plausible in acutely ill patients, ob-
taining the tracing during breath-holding results in better 
waveforms by avoiding the movement of the Doppler 
sample volume in and out of the vessel. Valsalva maneu-
ver should be avoided as it causes blunting of the wave-
forms [44]. In right-sided HF, the first change that occurs 
is tall A and V waves if the tricuspid valve is competent. 
If there is associated tricuspid regurgitation, S wave be-
comes smaller than the D wave as the blood flows into the 
right atrium from the ventricle during systole raising the 
RAP (Fig. 4b). Further increases in RAP lead to reversal 
of S wave making the D wave the only anterograde wave-
form. The retrograde A, S, and V waves may further com-
bine to form a single wave ultimately resulting in a bipha-
sic waveform (Fig. 4c). With effective decongestive ther-
apy, these changes revert back to baseline mirroring the 
changes in RAP [45].
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greater than the S wave, and c represents a biphasic pattern. RAP, right atrial pressure. Figure adapted from Sun-
daram and Fang [42] with kind permission of the Radiological Society of North America.
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Portal Vein Doppler
Portal venous flow is separated from the systemic cir-

culation by the liver sinusoids and splanchnic capillary 
bed. Therefore, the flow changes during cardiac cycle are 
not prominent unlike hepatic vein. The normal portal ve-
nous waveform is “phasic,” with gentle undulation, pri-
marily influenced by atrial contraction (Fig.  5a) [46]. 
With increase in RAP, the pressure changes during the 
cardiac cycle are transmitted to the portal circulation 
leading to a “pulsatile” waveform (Fig. 5b). Generally, a 
difference of >30% between maximal and minimal ve-
locities is considered abnormal and has been associated 
with increased RAP and worse functional class in patients 
with HF [47]. Further increases in RAP or severe tricus-
pid regurgitation may lead to systolic flow reversal 
(Fig. 5c). Portal vein Doppler may also be a surrogate for 
gut and renal congestion. In one study, increased portal 
pulsatility was independently associated with acute kid-
ney injury in post-cardiac surgery patients [48]. Caution 
must be exercised in interpreting these waveforms as pul-
satile portal venous flow has been reported in thin indi-
viduals with low BMI (<20) as well as those with liver cir-
rhosis in the absence of high RAP [49, 50]. In cirrhosis, 
the mean velocity of the portal vein tends to be low [51], 
but this parameter is unreliable and subject to several 
variabilities in the point of care setting.

Renal Vein Doppler
Intrarenal venous Doppler (IRVD) is the blood flow 

pattern in the interlobar veins and is dependent on RAP 
and intra-abdominal pressure. In the absence of intra-
abdominal hypertension, the changes in IRVD are reflec-
tive of changes in RAP. The normal waveform is relative-
ly continuous similar to that of portal vein and is dis-
played below the baseline. As the RAP increases, 
intrarenal veins become less compliant, making the flow 
pulsatile and biphasic with distinct systolic (S) and dia-
stolic (D) waves. Further increases in RAP lead to a mono-
phasic (diastolic-only) flow pattern, in which case the 
flow is exclusively dependent on right ventricular filling 
[52]. Because of the narrow sampling zone, the waveform 
of the interlobar artery is often displayed above the base-
line, which helps with identifying the cardiac cycle phases 
(Fig. 6).

IRVD patterns bear prognostic significance in pa-
tients with HF. For example, in one study including 224 
patients with HF, IRVD pattern was significantly associ-
ated with changes in RAP assessed by right heart cath-
eterization (mean RAP was 5.4 mm Hg with continuous 
pattern, 9.5 with biphasic pattern, and 14.9 with mono-
phasic pattern; p < 0.001). Of note, the monophasic 
IRVD pattern conferred poorer prognosis than other 
patterns in this study while renal arterial resistive index 
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was not independently associated with outcomes [53]. 
Similarly, in a cohort of 205 patients with pulmonary 
hypertension, renal venous stasis index, defined as the 
proportion of the cardiac cycle during which there is no 
renal venous outlet flow, independently predicted the 
composite end point of pulmonary hypertension pro-
gression and all-cause mortality 1-year after discharge 
[54]. Similar to hepatic and portal vein waveforms, 
IRVD patterns also can be used to assess response to de-
congestive therapy. In a study comparing the effect of 
volume expansion on IRVD patterns in patients with HF 
and normal subjects, venous impedance index (calcu-
lated as the difference between peak and nadir velocities 
divided by peak velocity) increased significantly in HF 
patients (0.4–0.7; p < 0.001) but not in healthy subjects 
(0.2–0.3; p = 0.622), which promptly reversed after loop 
diuretic administration. In addition, intravascular vol-
ume expansion resulted in blunting of venous flow in 
HF patients before a significant increase in cardiac fill-
ing pressures [55]. Nevertheless, it is often difficult to 
obtain a high-quality IRVD tracing in acute settings as 
the Doppler sampling zone moves out of the vessel with 
respiration. This may lead to erroneous interpretation, 
particularly with regards to calculation of the venous 
stasis index.

The Venous Excess Grading
Recently, Beaubien-Souligny et al. [56] developed a 

venous excess ultrasound (VExUS) grading system to 
quantify the severity of venous congestion using data 
from a single-center cohort of cardiac surgery patients. 
We have adopted this into our practice and found it 
helpful particularly to standardize the findings obtained 
by different physicians. Briefly, when the diameter of 
IVC is ≥2 cm, 3 grades of congestion were defined based 
on the severity of abnormalities on hepatic, portal, and 
IRVD. Hepatic vein Doppler is considered mildly ab-
normal when the S wave is smaller than the D wave, but 
still below the baseline, while it is considered severely 
abnormal when the S wave is reversed (i.e., above the 
baseline). Portal vein Doppler is considered mildly ab-
normal when the pulsatility is 30–50% and severely ab-
normal if it is ≥50%. IRVD is mildly abnormal when it 
is pulsatile with S and D components and severely ab-
normal when it is monophasic with only a D compo-
nent. Based on these definitions, various prototypes, 
ranging from grades 0 to 3, were identified. This study 
found that the severe VExUS grade had the strongest as-
sociation with the development of subsequent acute kid-
ney injury compared with other combinations (HR 3.69, 
confidence interval [CI] 1.65–8.24, p = 0.001). The as-
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sociation remained significant after adjustment for 
baseline risk of renal dysfunction and vasopressor/ino-
tropic support. Interestingly, VExUS grading outper-
formed the central venous pressure measurements in 
terms of positive likelihood ratio (6.37, CI 2.19–18.50) 
[56]. Figure 7 summarizes various ultrasound patterns 
across the spectrum of RAP.

The Leaks

Lung Ultrasound
Lung ultrasound (LUS) can detect extravascular lung 

water even before the congestion is clinically apparent 
and is increasingly used by nephrologists [57]. In fact, it 
outperforms a chest radiograph in ruling out interstitial 
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edema and pleural effusion [58]. LUS mainly involves 
interpretation of the artifacts rather than visualization 
of the lung parenchyma because air is strongly reflective 
to the ultrasound beam. In a normal well-aerated lung, 

the only detectable structure is the pleura, which ap-
pears as a shimmering hyperechoic line between the 
ribs. It is followed by equidistant hyperechoic horizon-
tal artifacts called the A-lines, which are essentially re-
flections of the pleural line due to underlying air-filled 
lung. B-lines, which are vertical hyperechoic artifacts, 
occur when the air content in the lung decreases due to 
transudate or exudate in the interstitium. A positive “B-
line region” is defined as the presence of ≥3 B-lines in a 
longitudinal plane between 2 ribs and ≥2 positive re-
gions bilaterally constitute “interstitial syndrome” in-
dicative of diffuse pulmonary edema [59]. When the air 
content decreases further, such as in alveolar consolida-
tion, lung parenchyma appears like that of a liver (hep-
atization). Conversely, pleural effusion appears as an 
anechoic space above the diaphragm, typically sur-
rounding the atelectatic lung (Fig. 8). While scanning 2 
anterior chest regions or zones is adequate to diagnose 
pulmonary edema in acutely symptomatic patients, 
more zones need to be evaluated in those with milder or 
no symptoms [60]. Various scanning zones have been 
described though most of the published studies em-
ployed the 28-zone technique (Fig. 9). LUS aids in the 
diagnosis, prognostication, and therapeutic guidance in 
patients with HF. In a meta-analysis comprising of 

LOGIQ

P9 Pleural line

T
o

w
a
rd

s
 h

e
a
d

T
o

w
a
rd

s
 h

e
a
d

F
e
e
t

F
e
e
t

Pleural line
P

P

LiverLiver *
*

a b

c d

1 1
1

1 1
13

14

15
11

10

12 8

7

6

4

2 2 5

63 3

4

9 1 1 4 7
10

11

12

8

9

16

2 23 3

6 65 5
4 4

1

2 2

3 3

4 4

P
a
ra

st
e
rn

a
l 
lin

e

P
a
ra

st
e
rn

a
l 
lin

e

P
a
ra

st
e
rn

a
l 
lin

e

M
id

-c
la

vi
cu

la
r

A
n

te
ri

o
r-

a
xi

lla
ry

A
n

te
ri

o
r-

a
xi

lla
ry

A
n

te
ri

o
r-

a
xi

lla
ry

M
id

-a
xi

lla
ry

P
o

st
e
ri

o
r-

a
xi

lla
ry

a b

c d

Fig. 8. LUS images demonstrating A-lines (arrows) (a), B-lines (ar-
rows) (b) and pleural effusion (asterisk) (c). Arrowhead points to 
diaphragm. d Right upper quadrant abdominal sonogram demon-
strating ascites (asterisk). LUS, lung ultrasound.

C
o

lo
r 

v
e
rs

io
n

 a
v
a
il
a
b

le
 o

n
li
n

e

C
o

lo
r 

v
e
rs

io
n

 a
v
a
il
a
b

le
 o

n
li
n

e

Fig. 9. Commonly used LUS scan zones: 
2-zone (a), 8-zone (b), 12-zone (c), and 28-
zone (d). Note the labeled anatomic land-
marks. Human chest photograph licensed 
from Shutterstock®. LUS, lung ultrasound.



POCUS in Heart Failure 15Cardiorenal Med 2021;11:5–17

DOI: 10.1159/000510732

1,827 adult patients presenting with dyspnea, LUS was 
found to be more sensitive than chest radiography in 
detecting pulmonary edema (relative sensitivity ratio 
1.2, 95% CI 1.08–1.34; p < 0.001) [61]. In terms of prog-
nosis, residual lung congestion at hospital discharge, as 
assessed by a B-line count ≥30 on 28-zone LUS, was 
found to be a strong predictor of all-cause mortality or 
HF hospitalization at 3 months [62]. In a recent study 
employing a simplified 4-zone LUS technique in pa-
tients hospitalized for acute HF, presence of ≥7 B-lines 
at discharge was associated with a higher risk of adverse 
events at 6 months (HR 2.01; p = 0.021) [63]. B-line 
count on LUS decreases with decongestive therapy in 
real time and can be used to guide management. For 
example, in ambulatory patients with HF, 8-zone LUS-
guided diuretic therapy was associated with a signifi-
cant decrease in the number of urgent visits for worsen-
ing HF as well as improvement in the distance achieved 
on a 6-min walking test [64]. Further research is needed 
to compare simplified scanning techniques with the tra-
ditional 28-zone LUS and establish correlates. This 
could render LUS more practical, particularly in the 
outpatient clinics with time constraints.

Limited Abdominal Ultrasound
Patients with refractory HF, particularly those with 

more pronounced backward failure are prone to devel-
opment of ascites that may require frequent drainage or 
peritoneal catheter placement [65]. POCUS helps in 
identifying the ascites, which appears as an anechoic 
space below the diaphragm in dependent areas and dis-
tinguishes it from other causes of abdominal distension 
in HF such as abdominal wall edema or ileus (Fig. 8d). 
In addition, it can be used to guide diagnostic or thera-
peutic paracentesis. Furthermore, POCUS can identify 
bowel wall edema, which is a known predictor of poor 
outcomes in patients presenting with HF exacerbation 
[66].

Conclusions

The pathophysiologic pathways underlying conges-
tion in HF are complex and poorly understood. More-
over, the conventional tools for assessment of volume 
status portend significant inherent limitations. Focused 
sonographic evaluation of the pump, pipes, and the leaks 
adds a whole new dimension to the bedside clinical ex-
amination and has the potential to transform the care of 
these patients. Having said that, POCUS is only a piece 

of the hemodynamic puzzle and should be used in con-
junction with, but not instead of, the overall clinical as-
sessment. Moreover, thorough multi-parameter assess-
ment should be undertaken to offset the limitations of 
individual POCUS applications. Future research should 
focus on integrating these sonographic findings with tar-
geted decongestive strategies to explore whether PO-
CUS-assisted assessment of volume status would trans-
late into improvement of outcomes in these patients. 
Furthermore, the sonographic findings need to be vali-
dated in specific HF categories such as diastolic HF, high-
output HF, etc.
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