












Portal Vein Doppler
As opposed to HV flow, the splanchnic circulation is an

isolated vascular unit protected from the systemic circulation
by the resistance of postsinusoidal sphincters (48). Thus, nor-
mal portalflow is continuous or onlymildly pulsatile (Figure
7A) (49). However, pathologic increases in RAP can be trans-
mitted through liver sinusoids into the portal vein (Figure
7B) (50). Portal vein pulsatility was originally described in
patients with severe TR (51), but has now been described
in multiple conditions associated with increased RAP
(52,53). Increased pulsatility in portal venous flow has been
associated with a higher N-terminal pro–brain natriuretic
peptide (54), higher systolic pulmonary artery pressures
(55), positive fluid balance (56), and RV dysfunction
(56,57). Portal vein flow alterations can be quantified by the
pulsatility fraction (100[(Vmax2Vmin)/Vmax]); a pulsatility
fraction $30% is considered mild, whereas $50% is consid-
ered severely elevated (54).
There are a few studies evaluating the relationship

between portal vein pulsatility and patient outcomes in the
setting of HF. In a landmark study by Beaubien-Souligny et
al. (54), a portal vein pulsatility fraction of.50% and severe
alterations in intrarenal venous flow (IRVF) were associated
with an increased risk of AKI in patients who underwent
cardiac surgery. The inclusion of portal vein Doppler signif-
icantly improved AKI risk prediction. Furthermore,
alterations in portal vein flow have been associated with
the development of congestive hepatopathy (58), encepha-
lopathy (59), and major complications in patients undergo-
ing cardiac surgery (56), and may be a useful prognostic
marker in patients hospitalized for acute HF (60). Together,
these data suggest that sonographic evaluation of portal

vein pulsatility could become a useful tool for the diagnosis
and management of venous congestion. In our experience,
increased portal vein pulsatility fraction associatedwith vol-
umeoverloadoften improveswithdiuretic treatment (61,62).

Although a plethoric, noncollapsible IVC indicates venous
congestion, cautionmust be exercisedwhen interpreting it in
patients with cardiac conditions impeding venous return
(chronic RV dysfunction/TR, RVmyocardial infarction, car-
diac tamponade); these patients may be fluid responsive
despite IVC plethora (63). The evaluation of hemodynamic
AKI in these conditions can be enhanced by assessing portal
veinflow; increasedportal pulsatility is suggestiveof conges-
tive AKI, which can potentially improve with decongestive
therapy (62). A case of portal vein flow normalization with
diuresis, even in the presence of persistent severe TR, is pre-
sented in Figure 7C.

Portal venous flow cannot be relied upon in patients with
cirrhosis because both absent pulsatility in the presence of
severe congestion and increased pulsatility unrelated to
RAP can occur (64–67). Occasionally, portal vein pulsatility
can be seen in individuals who are thin and healthy (68).
Given these limitations, portal vein pulsatility fraction
should not be interpreted in isolation. A recent study evalu-
ating IVC size and hepatic, portal, and intrarenal vein
Doppler flow patterns found increased specificity using the
combination of multiple POCUS markers to identify clini-
cally significant venous congestion (69).

Intrarenal Venous Doppler
Similar to the portal vein, the flow pattern in intrarenal

(arcuate and interlobar) veins depends on the surrounding
renal parenchymal histology as much as right atrium
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Figure 6. Components of sonographic venous congestion assessment. | (A) IVC and hepatic veins (arrowheads) in long and transverse axes,
visualized from the subxiphoid scan position. (B) Top shows the hepatic veins (arrowheads) and portal vein from the lateral scan plane
obtained by placing the transducer along the anterior axillary line with the orientation marker facing supero-anteriorly. Bottom shows the color
Doppler image of the kidney obtained by placing the transducer along the midaxillary line with the orientation marker facing supero-
posteriorly. Illustrations made using Biorender.
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function (70). Iida et al. (71) usedDoppler imaging to evaluate
IRVF patterns in patients with HF. IRVF waveforms were
divided into three flow patterns: continuous, biphasic, and
monophasic (Figure 7D). The IRVF profile was altered by
increases in RAP, butwas not associatedwith changes in car-
diac index. Themonophasic pattern was associated with sig-
nificant TR. IRVF strongly correlated with clinical outcomes,
including death from cardiovascular disease or unplanned
hospitalization for HF. This correlation was independent of
RAP. Similar results were obtained by Puzzovivo and col-
leagues (72).
Supporting the role of IRVF alterations as a marker of

venous congestion, experimental fluid expansion worsened
the IRVF pattern and correlated with less diuretic efficiency
in patients with HF with preserved ejection fraction (73). A
recent study in patients with pulmonary hypertension also
showed adverse outcomes were associated with IRVF alter-
ations (74). Three patients from this study who developed
severe AKI with diuretic-resistant fluid overload and
required RRT exhibited a monophasic IRVF pattern.
Whereas HV Doppler mainly reflects the right atrium fill-

ing pattern, portal and intrarenal venous Doppler provide
additional information about right atrial filling pressure
and its correlation with congestive organ injury (43).
Whether interventions aimed at addressing abnormal organ
flow patterns can improve relevant outcomes in patients
with venous congestion remains unknown. Moreover, the
cause-effect relationship between sonographic markers of

venous congestion and AKI remains elusive at this time
and must be evaluated by larger studies. POCUS alterations
that occur in venous congestion are summarized in Figure 8.

Going Back to the Case
FOCUS revealed severely decreased LV ejection fraction

anddilatedRVwith significantly reduced function.Numerous
bilateral B-lineswere present on LUS. IVCwas 2.4 cm in diam-
eterwith no respiratoryvariation and therewere no significant
ascites (Figure 9A). These findings were compatible with HF
with reduced ejection fraction and severeRV failure, andmod-
erate pulmonary congestion. To evaluate for the presence of
systemic venous congestion, a bedside Doppler ultrasonogra-
phy was performed. HV Doppler demonstrated decreased D
wave amplitude (seen in severe pulmonary hypertension
and abnormal RV relaxation), portal vein pulsatility fraction
of 100%, and a monophasic IRVF (Figure 9B). Although a ple-
thoric IVC was suggestive of venous congestion, the presence
of severeRVdysfunction and significant pulmonaryhyperten-
sion makes it less reliable (can be chronically dilated) and the
patient might still be fluid responsive. However, both portal
and IRVF patterns indicated that backward transmission of
RAP was significant enough to lead to abdominal organ con-
gestion, suggesting congestive kidney injury.

Treatment and Outcome
Given these findings, diuretic therapy was restarted with

dose intensification. On follow-up, the patient showed a
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Figure 7. Venous congestion assessment using pulsed wave Doppler. | (A) Central venous pressure (CVP) waveform, hepatic vein (HV) and
portal vein (PV) Doppler in a healthy person and (B) in a patient with severe biventricular failure, tricuspid regurgitation (TR), and venous con-
gestion. HV flow mirrors changes in CVP waveform. Transmission of right atrial pressure to PV is only seen in the presence of severe venous
congestion. Arrows in figure 7B are used to show the correlation of the phases of cardiac cycle between HV and PV. (C) HV and PV Doppler in
a patient with pulmonary arterial hypertension and severe TR before and after diuretic therapy. Note the improvement in PV pulsatility fraction
while HV alterations from severe TR remained unchanged. (D) Intrarenal venous (IRV) flow alterations in venous congestion. Waveform above
the baseline corresponds to intrarenal arterial flow, whereas the waveform below the baseline depicts intrarenal venous flow. D, diastolic; S,
syst olic; A, atrial contraction.
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steady decrease in weight (approximately 10 kg) and notice-
able improvement in symptoms. Although his serum creati-
nine worsened from 1.4 to 1.8 mg/dl initially, it improved
and stabilized at 0.6 mg/dl with continued diuresis.
Follow-up POCUS evaluation of venous congestion showed
markedly improvedflowpatterns onbothportal vein (pulsa-
tility fraction532% ) and IRVF (biphasic pattern) (Figure 9C).

POCUS Education and Program Development
Despite the stated advantages of POCUS and growing

interest among nephrologists to acquire this skill, training

opportunities remain sparse at this time. Workshops and
short courses organized by professional societies, such as
the National Kidney Foundation and the American Society
of Nephrology, provide an introduction to the technique
and interpretation, but continued practice, preferably under
supervision, is vital to achieve mastery. Longitudinal curric-
ula are shown to have a favorable effect on long-term skill
retention (75,76); as such, integrating POCUS training into
the 2-year nephrology fellowship offers a conceivable advan-
tage. Nevertheless, only a few nephrology programs cur-
rently train their fellows beyond kidney ultrasound (77),
the key problem being lack of trained faculty. We suggest
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Figure 8. | Summary of POCUS alterations that occur in venous congestion. IVC size increases with an increase in RAP, and reaches its max-
imum compliance after a certain point. HV waveform initially shows both systolic and diastolic components and, as the congestion worsens,
the systolic component reverses, leaving only the diastolic wave below the baseline. By convention, above the baseline represents flow toward
the transducer, and below the baseline represents flow away from the transducer (toward the heart in this case). The normal portal vein wave-
form is continuous and above the baseline. As the severity of congestion increases, it becomes pulsatile and flow reversal (below the baseline)
is seen in systole, with further elevations in RAP. Normal intrarenal vein Doppler is similar to that of the portal vein, except that it is below the
baseline (flow away from the transducer). As the congestion worsens, it becomes increasingly pulsatile, leaving only the diastolic component
below the baseline in severe cases. Above the baseline tracing represents intrarenal arterial flow, which is helpful to identify systolic and dia-
stolic phases.
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Figure 9. | Case POCUS findings. (A) IVC, lung ultrasound (LUS), parasternal long axis (PLAx), and apical four-chamber (A4ch) views. (B)
Venous Doppler obtained before restarting diuretics. (C) IVC and venous Doppler on follow-up after restarting diuretics. Ao, ascending aorta;
B, B-line; IRV, intrarenal vein; PV, portal vein.
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that nephrologydivisions identify faculty interested in learn-
ing/teaching POCUS and support them to pursue a struc-
tured, multicomponent certification program such as the
one offered by the American College of Chest Physicians
(78). Thereafter, multispecialty collaboration at the institu-
tional level, with specialties such as emergency medicine
and radiology, facilitates organizing the curriculum, training
more faculty, and quality assurance. In addition, taking
advantage of the online POCUS educational tools built for
nephrologists, such as NephroPOCUS.com, minimizes the
need to create newdidacticmaterial by individual fellowship
programs. Furthermore, forming an expert panel and put-
ting forward consensus guidelines by nephrology profes-
sional organizations would help standardize POCUS
training.

Conclusion
Physical examination is limited in determination of fluid

status. Augmented examination using POCUS is gaining
popularity as a noninvasive bedside tool that provides a
detailed insight into cardiovascular physiology and hemo-
dynamic determinants of fluid status. Evaluation of cardiac
function by FOCUS, pulmonary congestion by LUS, and sys-
temic venous congestion by abdominal venous Doppler can
guide management by providing information on fluid toler-
ance and responsiveness. Thorough multiorgan assessment
should be undertaken to offset the limitations of individual
POCUS applications. Integrating POCUS findings with clin-
ical and laboratory data allows decisions regarding crystal-
loid administration or diuresis to be tailored according to
the individual physiology with a risk-benefit analysis of
the preferred therapeutic strategy. Further studies are
needed todeterminewhethermanagement guided byabnor-
malities detected on POCUS translates to improved clinical
outcomes. On a note of caution, POCUS is not a replacement
to clinical judgment and is susceptible to limitations like any
other technology. Improper technique,wrong interpretation,
and over-reliance on an isolated finding can potentially lead
tomismanagement of the patient. Therefore, the nephrology
community should focus on developing POCUS training
standards anda robust certificationprocess to ensure quality.
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